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Introduction

The Association of Radio Industries and Businesses(ARIB) has been investigating and
summarizing the basic technical requirements for establishing standards for developing a radio
paging system in Japan. These will appear in the form of standards and specifications governing
the use of radio facilities and equipment for systems that transmit over radio waves. The standards
are being developed based on the participation of and discussions with the various radio
equipment manufacturers, operators and users.

The standards and specifications contained herein will serve as guidelines for developing
standards for private use based on the public established technical standards in Japan. Their
purpose is to enable effective use of radio frequencies by avoiding interference among users,
conflicts among the standards of individual operators, and so forth so that all parties involved,
including radio equipment manufacturers, users and others will be able to ensure the quality and
compatibility of radio facilities and equipment.

These standards are being established principally for “FLEX-TD Radio Paging System”. In
order to ensure fairness, impartiality and openness among all parties involved, during the drafting
stages, we invite radio equipment manufacturers, telecommunications operators and users both
domestically and overseas to participate openly in the activities of the Standards Committee so as
to develop standards with the total agreement of all parties involved.

The scope of application of these standards covers the minimum requirements for
communications. They are designated to serve as practical guidelines for telecommunications
equipment operators in developing original specifications and systems that fall within the scope of
the standards.

We hope that the standards will aid all parties involved, including radio equipment
manufacturers, telecommunications operators, users, and others in the development of an excellent
radio paging system in Japan.

Note : Although this ARIB Standard contains no specific reference to any Essential Industrial
Property Right relating thereto, the holder of such Essential Industrial Property Right states
that "YYY" is the holder of the Industrial Property Right "XXX" covering this ARIB
Standard and agrees not to assert such right "XXX" and to grant a license unconditionally to
the use of such right "XXX" to anyone using this ARIB Standard. However this does not
apply to anyone who uses this ARIB Standard and also owns and lays claim to any other
Essential Industrial Property Right whose scope is included in any or all parts of the contents
of the provisions of this ARIB Standard.
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Chapter 1 General

1.1 Scope of application

This standard specifies the radio frequency interface (hereinafter referred to as “air interface™)
between the base station and the radio pager (hereinafter referred to as “pager”) for the
280MHz band FLEX-TD Radio Paging System.

12 System overview

The FLEX-TD Radio Paging System is used to provide radio paging services at frequencies

operating on the 280MHz band. This system consists of the pagers and infrastructure facilities
as shown in Fig. 1.2-1 below.

? POI (Point Of interface) g

Ceniral station ‘
Infrastructure

facilities

Fig. 1.2-1 : Overview of FLEX-TD Radio Paging System

1.2.1 Infrastructure facilities
Infrastructure facilities are used for paging.

Infrastructure facilities are configured of base stations (consisting of antennas, transmitters
and phase compensation equipment) and a central station (equipment which performs call
connection, subscriber authentication, coding, etc.).

1.2.2 Pager
The pager is used to receive radio paging signals from the base station.

The pager consists of the circuits which feature paging signal reception, demodulating,
decoding, display and alerting functions.



RCR STD-43A

1.3 Services provided by the FLEX-TD system

1.3.1 Basic services

The type of basic services provided via this system are listed in Table 1.3.1-1. Each service
provider chooses and supplies the Services from the list in Table 1.3.1-1. Also the types of
messages and vectors which can be used for transmitting paging call are shown in Table
1.3.1-2.

Table 1.3.1-1 ; Basic services

Service Description
Tone-Only Provides the basic(Tone-Only) paging function only.
Kana Numeric service Provides basic paging service together with an associated

message reporting function. 4-bit code {Section 3.10.2.1) is
used for transmitting numeric, syimbol and Kana characters.
‘|Alphanumeric service Provides basic paging service together with an associated
message reporting function. 4-bit (Section 3.10.2.1) or 7-bit
codes (JIS X0201 3.10.2.2) are used for transmitting
alphanumeric, symbol, etc.
Japanese Text service Provides basic paging service together with an associated
message reporting function. 4-bit (Section 3.10.2.1) or 8-bit or
16-bit codes (Shift JIS Code, Section 3.10.2.3) are used for
transmitting alphanumeric, symbol, Katakana, Hiragana,
Kanji, etc.
Transparent data service  |Provides basic paging service together with an associated
- imessage reporting function. This function reports the bit series
transferred from the caller as it is using binary messages as
described in Section 3.10.1.2.




Table 1.3.1-2 : The available types of Vectors and Messages which can be used for paging call with associated message information.

Tone Only

Standard
Numeric

{ Standard/

Speciat
Format
Numeric

Message

Kana Numeric

: Service

Alphanumeric
§ Service

¢ Japanese Text
i Service

§ Transparent data
Service

VEr-aLs doY
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1.3.2 Supplementary service

Supplementary services provided by this system are listed in Table 1.3.2-1.

Refer to Chapter 8 for the supplementary services.

Table 1.3.2-1 : Supplementary services

Service Qutline

Priority Call service Service whereby paging of the specified pager takes priority
over other pagers.

Group Call service Service whereby pagers are grouped and common messages are
transmitied to the pagers within the pertinent group,

Multi area/Roaming When the user registers areas other than the Home area with the

service Infrastructure facilities, the user can use the paging service
outside of the Home area.

Message Numbering Service whereby the Infrastructure facility assigns a message

service number for pages to each address used by the pager.

Source Indication service

Service whereby 8 types of Short Messages for identifying the
calling party are transmitted.

Special Format service

Service whereby Numerical Messages sent to the pager are
converted into the format specified in the ID-ROM.

Short Message services

Service whereby short numerical messages of 3-digits for Short
Addresses or 8-digits for Long Addresses are transmitted.

Real-time clock
maintenance service

Service whereby the pager clock is adjusted by Time
information sent from the Infrastructure facility.

Subscriber Information
service '

Service wherein the user receives various information
messages.




RCR STD-43A

Chapter 2 Technical Requirements for Facilities

2.1 Base station transmission requirements

2.1.1 Frequency

Transmission frequency band is 280MHz.

2.1.2 Transmission speed and modulation scheme

Combinations of transmission speeds and modulation schemes shall be as listed in the table
below.

Item No.  [Transmission speed/modulation
scheme
1 1600bps/2-level FSK
2 3200bps/2-level FSK
3 3200bps/4-level FSK
4 6400bps/4-level FSK

2.1.3 Frequency deviation
For the 2-level FSK, frequency deviation shall be +4.8kHz for “1” and -4.8kHz for “0”.

For the 4-level FSK, frequency dev1atzon shall be +4.8kHz for “107, +1.6 kHz for “117,
-1.6kHz for “01 and -4.8kHz for “00”.

2.1.4 Tolerance for frequency deviation

Tolerance for frequency deviation shall be within 2200Hz for the 2-level FSK, and within
+60Hz for the 4-level FSK.

2.1.5 Adjacent channel leakage power

When the carrier is modulated by 1600bps, 3200bps or 6400bps signals, power radiated
within bandwidth of 8kHz of which the center frequency is separated by 25kHz from the
carrier frequency, shall be 70dB or lower than the power of the carrier frequency.

2.1.6 Spurious emission

The average power for spurious emission for each frequency supplied to the feeder is 2.5uW
or less when the average power for the fundamental frequency is 25W or less. When the
average power for the fundamental frequency exceeds 25W, it should be 70dB lower than the
average power of the fundamental frequency and 1 mW or less.

2.1.7 Occupied frequency bandwidth

The occupied frequency bandwidth shall be defined as the frequency bandwidth which is
determined by the edge frequencies, whereby the power of emissions averaged over the
frequency range both above and below the edge frequencies is 0.5% of the total radiated
power. Occupied frequency bandwidth must be 16kHz or less.
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2.1.8 Frequency stability

The maximum allowable deviation from the ass1gned frequency for the center frequency of
the occup1ed frequency band shall be within £5.0 x 10®,

2.1.9 Shaping of baseband signal

A low pass filter with 3dB cutoff frequency of 3.2kHz or more, or filter equivalent to this low
pass filter shall be used.

2.1.10 Simulcasting
(1) Frequency offset
This system uses multiple base stations in a service area. Radiowaves are transmitted for
a page from these base stations simultaneously over the same radio channel. In order for
the pager to reduce mutual interference between individual base stations, each base
station uses a d1fferent frequency offset for the carrier frequency.
The offset frequency must be within +150Hz.
(2) Deviation for bit and symbol phases between base stations
The deviation for bit and symbol phases between base stations must be within +5usec.
2.1.11 Transmission speed accuracy
The absolute accuracy for transmission speed must be within £5 x 10°.

2.2 Pager requirements

Pager must support all combinations of signaling speeds and modulation schemes described in
Section 2.1.2.

In order to receive paging call, the pagers specified in Table 2.2-1 must receive the minimum
types of Vector specified for the pertinent type of pager.

Tabie 2.2-1: Minimum Vectors which pagers must support

Type of Pager Vector
(1) Standard Numeric Vector (V(011))

Numeric Pager (2)  Short Message Vector (V(010) and t(00))
@ Alphanumeric Vector (V(101))

‘ ) (?) Standard Numeric Vector (V(011))

Alphanumeric

Pager (3  Short Message Vector (V(010) and t(00))
@ Short Instruction Vector (V{001) and i{000))

{Applies to Any and All Phase pagers)

Note: Refer to Section 3.9 for Vector and Section 3.3.4 for phase.
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2.2.1 Reception frequency
The reception frequency band is 280MHz and channel spacing is 25kHz.
2.2.2 Receiver sensitivity
(1) Built-in antenna type pager
a) Refer to table 2.2.2-1 below for On-body type pager.
Table 2.2.2-1 : Receiver sensitivities for On-body type pager

Transmission speed Receiver sensitivity

Reference sensitivity 1600 bps 18 dBUV/m or less
{static) 3200 bps 20 dBuV/m or less

6400 bps 23 dBuV/m or less

Sensitivity under 1600 bps 25 dBuV/m or less
fading condition 3200 bps 27 dBV/m or less
(average) 6400 bps 30 dBuV/m or less

b) Refer to table 2.2.2-2 below for other types of pager.

Table 2.2.2-2 : Receiver sensitivities for other types of pager

Transmission speed| Receiver sensitivity

Reference sensitivity 1600 bps 23 dBuV/m or less
(static) 3200 bps 25 dBUV/m or less

6400 bps 28 dBuV/m or less

Sensitivity under 1600 bps 30 dBuV/m or less
fading condition 3200 bps 32 dBuV/m or less
(average) 6400 bps 35 dBuV/m or less

(2) Pager with antenna terminal

Receiver sensitivity for pager with antenna terminal must be as listed in Table 2.2.2-3
below. ‘

Table 2.2.2-3 : Receiver sensitivity for pager with antenna terminal.

‘Transmission speed Receiver sensitivity
Reference sensitivity | . 1600 bps -5 dBUV or less
(static) 3200 bps -3 dBpV or less
. 6400 bps 0 dBuV or less
Sensitivity under 1600 bps 2 dBUV or less
fading condition 3200 bps 4 dBuV or less
(average) 6400 bps 7 dBuV or less

2.2.3 Adjacent channel selectivity

Adjacent channel selectivity must be 60dB or more.
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Adjacent channel must be 25kHz away from the Test-Channel.

Note that definition for adjacent channel selectivity is that the ratio between the tolerable
interference signal level and the reference sensitivity when simultaneously applying a desired
signal having the level of reference sensitivity +3dB and an interference signal detuned
25kHz from the desired signal (modulated by a pseudo noise series signal with 32,767-bit
code length).

2.2.4 Intermodulation characteristics

(1) Built-in antenna type pager

1)

2)

3)

For 3rd-order intermodulation, the ratio between the tolerable interference level and
the desired signal level must be 40dB or more when applying a 50dBV/m desired
signal along with two interference signals detuned 50kHz and 100kHz respectively
(modulated by pseudo noise series signal with 32,767-bit code length)

For 2nd-order intermodulation, it is not necessary to measure pager whose ist IF
frequency exceeds the reception frequency bandwidth. However, pager with 1st IF
frequency which is lower than the reception frequency bandwidth, the ratio between
the tolerable interference signal level and the desired signal level must be 40dB or
more when applying a desired signal of 50dBpV/m along with a combination of two
interference signals which cause 2nd-order intermodulation.

In the case of pager utilizing direct conversion method, for 2nd-order inter-
modulation, the ratio between the tolerable interference signal level and desired signal
level must be 40dB or more when applying a desired signal of 50dBuV/m under the
following two conditions :

a. wherein two interference signals detuned #50kHz from the desired signal
(modulated by a pseudo noise series signal with 32,767-bit code length) are used.

b. wherein two interference signals: one is detuned 50kHz from a desired signal and
another is detuned 50kHz from the twice the desired signal (modulated by a
psendo noise series signal with 32,767-bit code length) are used.

(2) Pager with antenna terminal

1)

2)

3)

For 3rd-order intermodulation, the ratio between the tolerable interference level and
the desired signal level must be 40dB or more when applying a 40dBuV desired
signal along with two interference signals, detuned 50kHz and 100kHz, respectively
(modulated by pseudo noise series signal with 32,767-bit code length).

For 2nd-order intermodulation, it is not necessary to measure pager whose 1st IF
frequency exceeds the reception frequency bandwidth. However, pager with a 1st IF
frequency which is lower than the reception frequency bandwidth, the ratio between
the tolerable interference signal level and the desired signal level must be 40dB or
more when applying a desired signal of 40dBuV along with a combination of two
interference which cause 2nd-order intermodulation.

In the case of pager utilizing the direct conversion method, for 2Znd-order inter-
modulation, the ratio between the tolerable interference signal level and desired signal
level must be 40dB or more when applying a desired signal of 40dBiV under the
following two conditions:

a. wherein two interference signals detuned +50kHz from a desired signal
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(modulated by a pseudo noise series signal with 32,767-bit code length) are used.

b. wherein two interference signals: one is detuned 50kHz from a desired signal and
another is detuned 50kHz from twice the desired signal are used.

2.2.5 Spurious response

Spurious response must be 40dB or more.

The definition of spurious response is the ratio between the tolerable interference signal level
and the reference sensitivity when a desired signal with the level of reference sensitivity +3dB
and an interference signal detuned 25kHz from the desired signal (modulated by a pseudo
noise serial signal with 32,767-bit code length) are applied simultaneously.

2.2.6 Limitation of spurious emission

Limitation of spurious emission must be 4,000upW or less.







RCR STD-43A

Chapter 3 Signaling

3.1 Frame structure

3.1.1 Basic structure

lq — 15 Cycles = 1 hour —-—t—l
g Cﬁle I Cycle 0 ECyclfsl E Cycle 2 I Cycle3 § Cycled E Cycle 5 E% C¥gle C}I(?ile E_

1 cycle = 128 frames = 4 minutes

Frame E Frame O § Frame | § Frame 2 [ Frame3 | Frame4 §Frame 5 Frame
127 126 :
Each pager receives the frame cycle specified by the

Coilapse cycle with the frame number
writien in the ID-ROM as reference.

Frame (1.875 sec.) -

Sync Block O Block 1 Block 2 Block 3 E§ Block 9 Block 10

— Syncsignal =115 MS s " Imerleave block = 160 ms

8 X 32 bit @1600bps = 2-level FSK

Frame 16 X 32 bit @ 3200 bps = 2-level or 4-level FSK
Sync part 1 (S1) Info. | YPéBa 32 X 32 bit @ 6400 bps = 4-level FSK

D

g 2-level FSK@ 1600 bpS  cmetin]

Fig. 3.1.1-1 : Basic signal structure

As shown in Fig. 3.1.1-1 above, fifteen Cycles, numbered sequentially from 0 to 14, are
transmitted within one hour. Each Cycle is structured of 128 Frames (with 4 minutes being
equivalent to a complete Cycle). The Frames in the Cycle are numbered sequential from 0 to
127. Each Frame has a frame length of 1.875 sec., and 32 Frames are transmitted per minute.
Also, each individual Frame is structured of a sync. signal along with 11 blocks. The blocks
in a Frame are numbered sequentially from 0 to 10. Unless otherwise noted, the word "Frame"
in the specification includes all 11 blocks and a synchronization signal. At a transmission
speed of 1600bps, each block is structured of 8 words, for a total of 88 words in all 11
blocks. At transmission speeds of 3200bps and 6400bps multiplexing is performed, in which
case 88 words are contained in a “phase” (Refer to Section 3.3).

1
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In instances when multiple transmission is not performed, the words composing a phase are
numbered from 0 o 87 (Refer to Section 3.4.2 for a description of word numbering during
multiple transmission).

Frame Information word consists of a 4-bit Cycle number and 7-bit Frame number. In
principle Frame No. 0 in Cycle No. 0 is synchronized on real time at the top of each hour,
which enables the pager to synchronize the clock on real time.

Sync part 1 (31) of each Frame is transmitted at 1600bps and provides information on frame
timing, the 1600bps symbol timing and the signal speed for other parts of the Frame. The
Frame Information Word includes Cycle and Frame numbers, low traffic time-division
multiplex phase indication (in instances when the address field does not exceed the area of
block 0}, and also a 4-bit checksum to ensure information reception quality.

Sync part 2 (S2) of each Frame is synchronized at the block speed for the pertinent Frame in
order to enable correct separation and decoding of the multiplex signal for the message block.

When Frames are transmitted, a minimmum of one Frame per minute must be transmitted.

However, there are instances when a channel can not be occupied continuously for 4 minutes
due to the sharing of that channel by several Providers (herein after referred to simply as
“channel sharing”) in some couniries. In such instances, it is permissible to transmit a

-minimum of one Frame per 4 minutes. Also, if possible, during idle time on the channel it is
desirable that the Idle Frames filled with 11 Idle Blocks (such as those described in Section
3.4.1 wherein block 0 includes Block Information Words) are transmitted.

3.1.2 Collapse cycle

One of the 128 Frames is assigned to the address of each pager. If a pager receives messages
only in the assigned Frame, it will only be able to receive a message once every 4 minutes,
Also, the message paging delay could be a maximum of 4 minutes. On the other hand, when
transmission takes place at the normal 4-minute cycle and the maximum paging delay is
incurred, the battery savings can be maximized, as a pager only needs to be set to the
reception state once every 4 minutes. However, when it is desirable to shorten the paging
delay, it can also be shortened by changing what is referred to as a "Collapse cycle".

The Collapse cycle is 2™, while m is the Collapse cycle value, If the value of m is varied (by
setting it t0 0, 1, 2, 3...... 7) the reception cycle is changed to 1, 2, 4, 8,......128, accordlngly
By setting m = 4 for example, the pager can be set to the reception state at every 24=16
Frames. Assuming that the Frame number assigned to the pager is n, the pager will be in a
reception state on each Frame of n, n+16, n+32,...... In other words, if the Frame number is
expressed as 7 bits, the pager receives messages in the Frames which match up with the lower
4 bits (4 LSB) of the 7 bits. The smaller the value that is set for m, the shorter the paging
delay becomes, but conversely the battery savings ratio drops, increasing battery
consumption. These 2 parameters are set based on the operation control methods employed
by the individual operators. On the Infrastructure facilities side, the value of m is specified by
the Block Information Word. The Collapse cycle which is selected in this instance, is referred
to as "system Collapse cycle”. System Collapse cycle information which is sent to the pager
must be identical for all Frames and all phases. On the pager side, the value of m is written
on an address basis in the ID-ROM. Also this data is memorized in the base station facilities
and the Collapse cycle which is set is called the "pager Collapse cycle". When the value of m
for the system and the value of m for the pager differ, normally the smaller value takes
priority. In instances when multiple transmission is employed, however, system Collapse
cycle always takes priority over pager Collapse cycle.

Examples of how a Collapse cycle operates are given below. If one channel is shared, for

12
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example, there will be instances when the pertinent system cannot occupy one channel
continuously for 4 minutes. In such cases, if the Collapse cycle is shortened, each Frame can
transmitted at a shorter cycle which allows traffic for the pertinent system to be concentrated
into a shorter transmission time, thus making it possible to shorten the duration that the
channel is occupied. '

The followings are examples of how a Collapse cycle operates.

Example : When system Collapse cycle value m is 3 (system Collapse cycle= 8), each Frame
is transmitted as shown in Table 3.1.2-1 below :

Tabie 3.1.2-1 : Examples of transmission to each Frame

ol1l2]3]afsiel7lol 1i2l3la]lsielr
LsB | 000 | oo1]o10] 011 100] 101] 170] 111] 000]

16 117§ 18] 19} 204 21| 221 23
24 125¢ 26| 271 28] 29| 30] 31
32 1334 34] 35| 36| 37| 38] 39
Frames tobe | 40 | 41§ 42] 43} 44| 45| 46 47
mansmitied 48 [ 49 | s0f 514 52| s3] 54| 55
56 | 571 58] 59] 60| 61 62] 63
64 165 66] 671 681 69 70| 71
72 V73 747 715 76| 77| 78] 79
80.1 81| 821 83 84| 85] 86} 87
88 18 | o0fjo1]92] 93] 94] 95
96 | 97 | 98] 991 100] 101} 102} 103
104 | 105] 106] 107} 108] 109] 110} 111
112 | 113 ] 114] 115] 116} 117] 118} 119
120 | 121 122] 123} 124] 125| 126} 127

Example 2 :When the base Frame number is set to 63 and the Collapse cycle = 4 (22),
Frames are received in the cycles shown in Fig. 3.1.2-1.

C (
oltlz2]3]alsle] 7 \\ 596061626364\
7./ Y,

Fig. 3.1.2-1 : Reception example for Collapse cycle

13
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3.1.3 Coexistence of muitipie Collapse cycles at multiple transmission

As described in the previous section, the System Collapse cycle takes priority over the Pager
Collapse cycle when multiple transmission is employed. Therefore, in this case, in principle,
the Collapse cycle is determined by the System Collapse cycle.

But, in order to also enable the use of several different types of pagers for multiple
transmission, an option of assigning multiple Collapse cycles to one RF channel using TD
Collapse cycle described in Section 3.6 is also available. The TD Collapse cycle takes priority
over the system Collapse cycle in operation of a pager. In such cases, there must not be any
conflicts in the Frame assignment to each channel.

For example, in the case of the 2M, System Collapse cycle, as a condition for assigning TD
Coﬂapse cycle 241 £ m< q £ 7) to each Frame, Frame number Fy (which TD Collapse cycle
29 is not assigned to) must meet the following conditions :

= Fagt+ K o 2 (0 € Fag < 2, k=0,1, oo < 128 / 2M)

and, Frame number Fy, ( which TD Collapse cycle 24 is assigned to) must satisfy the
following conditions:

Fp=Fpo+]j 290 S Fpo <29, j=0,1, e < 128/29)

Examples 1 and 2 below show how two Collapse cycles are assigned to Frames.

Example 1 : When two Collapse cycles 2™ = 16 and 29 = 32 are allocated

Collapse cycle 16 ol Collapse cycle 32 N
7]
S i AR e
= 16| 17] 18] 1920} 21§22 { 23 A4 @
- 32| 33] 34] 35363738 { 30} a0} 41| a2} a3 aa [ as]a6 | I E
a8l a0} sof s1|s2|53ls4]ss s6| 57 5850|6061 ]62] 63 2
64| 65] 66 676860 | 70| 7] 22{ 73| 74] 75 | 78| 77 | 78] 79
g0 [ 81 82] 83| 84|85 )36 87 8889 | o0[o1]92]93}94] 95
96 | 97} 98] 99 [100f101]102] 103] 104]105] 106]107}108[100]1 10] 111
[ udusfudus|isfi 12121 122]123]124]125(126] 127
AN 4
Fa By

£ PV :Fbo'

Fig 3.1.3-1 : Allocation example of Two Coliapse cycles.
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Example 2 : Reception model when the Collapse cycle equals 4 and TD Collapse cycle equals 32.

Collapsecycle g 4 4 32 4 4 4 324 4 4324 4 4 324 4 432 4 4 4 324 4 4 324 4 4324 4 4 324 4 432 4 4 4324 4 432

Number of
Frame

Base Frame
aumber
Base Frame
mrriber 1

Base Frame

number 2

Base Frame
ber 3

0p1§2¢3

4

5

6F 7] 8] 910} 11j12113} 14 15 16} 17 3419202122 23124

25126

27 28) 25

Rit

34 32{ 33

34

351 36

71

38 39 40,

41142

4F 44 45146

47

[

M It I 1

M

'

M1

in

M

[]

) S I I N

[

.

[

I

[

[

1
TL

M ff s ffrft 7 Tt 7 J

-

[

Base Frame
rumber 7

Base Frame
number 11

Base Frame
number 15
Base Frame

number 19

Base Frame

[ ]

T

number 23

Base Frame
ber 27

Base Frame
number 31

Fig. 3.1.3-2 Reception example for two Collapse cycles
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3.2 Synchronization signal
The respective sync. signal structures are defined in the figures and tables listed below:

1600bps/2-level
3200bps/2-level
3200bps/4-level
6400bps/4-level

Fig. 3.2-1, Table 3.2-1
Fig. 3.2-2, Table 3.2-2
Fig. 3.2-3, Table 3.2-3
Fig. 3.2-4, Table 3.2-4

Also note that sync. signal “A” in Sync part 1 differs based on frame speed and is defined in
Table 3.2-5.

In addition signals marked  (such as “A”, etc., in the figures) or indicated as “inv.A” etc.,
in the tables are inverse signals of the respective A signal, etc.

M Sync part 1 {(51) M Sync part 2 (82)
42 bi b 32 bi 40 bits/40 symbols
32 bits its . 16 bits s its
- Frame Info. Block 0
uAu RAH Word "C“ lﬁoﬂbps
(¥ (1600 sym
2-evel FSK

BCH (31,21 code +

Even parity ~BS2"

& Constantly 1600 bps/2-level F3 BS2

AT TS P ¥
PP T )

-
-
-----
)

P
-m
-
-
---
-
-

“C" 16 bits .

—

* Sync. part 2 : When the data blocks are transmitted at 1600bps 2-level, sync. part 2 is defined as shown in the figure above,

Fig, 3.2-1 : 1600bps/2-level sync. signal structure

Table 3.2-1 : Bit stream for 1600bps/2-level frame speed

BS1 1010101010301010 1010101018101010
A(AD 0111100011110021 0101100100111001
B 0101010101010101

inv.A (A1) | 1000011100001306 1010011011080110
Frame Info. | 11iiiid4ii1id14d  13iiiip000D0DDOpD
BS2 1010 -

C 1114110116000100

inv.BS2 0101

inv,.C QGCLO0T00L1L1L01LL

* The L3B on the left is transmitted first
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-} Sync part 1 (S1) | Sync part 2 (S2)
. . 80bits/80 symbols
32 bits 32 bits 32 bits
2 bi
o Framel nfo.
AN T Word
D

[ — .---1

Constantly 1600bps/2-level FSK

BCH(31,210de +

EVen parity

----

ne -
10 bits

24 bits

o e et
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Block §
3200bps
{3200symbo
2-level FSK

LY
L]
H
.
+
¥
*
i
*
t

* Sync. part 2 : When the daza blocks are wransmitted at 3200bps
2-level, sync. part 2 is defined as shown in the figure above.

Fig. 3.2-2 : 3200bps/2-level sync. signal structure

Table 3.2-2 : Bit stream for 3200bps/2-level frame speed

BS1
A (A2)
B

BS2

C
inv.BS82
nv.C

inv.A (A
Frame Info.

1010101010101.010
1000010011160111
0101010161010101
0111101100011000
iidiidddidddiiddd
1010101010101010
1110110110000180
$141010101010101

0001001001131011

1016101010101010
0101100100111001

1010011011600110
iiiiippprPeerpep
10101610

01010101

* The LSB on the left is transmitted first
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l“ﬂ Sync part 1 {81) W’ I gync part 2 (S-ZHE ’

. 80bits/40 symbols
32 bits 32 bits 32 bits 40 sym
32 bits ity
— Frame I nfo, Block ¢
"A" nAn Word 3200bps
4-level FSK

BCH (31,21) code +
even parity .

i ifd

e

- - .

12 symbols 1 3symbols 12 symbols B 8symbols

-
-‘-‘-

oy

" * Sync. part 2 : When the data blocks are transmitted at 3200bps/4-
level, sync. part 2 is defined as shown in the figure above.

BS2 “c
1600310002.000108010001000 11101101100080100
inv.Bs2 inv.?C*
001000100020001.000100010 0001001001121011
Decoded data sample

Fig. 3.2-3 : 3200bps/4-level sync. signal structure

Table 3.2-3 : Bit stream for 3200bps/4-level frame speed

BS1 101010101010101¢ 1010201010101010
A (A3) 0100112110016112  0101100100111001
B 0l101010101010101

inv.A (A3) | 10110046003101000 1010011011000110

Frame Info. | 1iiiidiiiiiiidiii  iiiiippppppopoop

BS2 1010610101010 (symbol)
C 1116110110000100 (decoded value)
inv.BS2 010101010101 (symbol)
inv.C 0001001041111011 (decoded value)

* The LSB on the left is ransmitted first
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Svpc part 1(51)

' ync part 2 (S
) 160bits/80 symbols
32 bits 32 bits 32 bits
32 bi
2 bits - Frame Info. Block 0
Y Word 6400bps,.
(FD) {3200symbol.
4 4-level FSK

4

" BCH (31,21) code + .E..

RV

-
-
=
-
-

- -y

BS2:
”Cll [

;
1
N - IlCII ¥
even parity "BS2" —
3 1 nof
Constantly 1600bps/2-ievel FS BS2 H
- :
----- - b
. LY
------- ‘\
10 symboiggtm_..—u .",.' \“
______ R - ‘\
- - * - *
- - LY
-’ -
ucn ",' [Falll “
32 symbols ¥ 8 symbols’ 32 symbols 18 symbol}
;! ¢ ™ & '

ol - s an

* Sync. part 2 : When the data blocks are transmitted at 6400bps/4-
level, sync. part 2 is defined as shown in the figure above.

1000100030001600100010001000100010001000100010001000100010001000
1110110130000100

inv.BS2:
inv*C?:

£01.00010001¢0010601000100010001000100010001000100010601000100010
00010010011331011

Decoded data sample

Fig. 3.2-4 : 6400bps/ 4-level sync. signal structure

Table 3.2-4 : Bit stream for 6400bps/ 4-level frame speed

BS1 14610101010101010 1010101010101010

A (Ad) 00104041010812111  01.01100100111001

B 0101010301010101

inv.A (A4) §1101111010160000 1010011011000110

Frame Info. | 1iiiiiiiiiiiiiii iiiiippppopprepe

BS2 1010101010101010 10101010101.01010 (symbol}
C 1110116110000100 (decoded value) .
inv.BS2 0101010101010101 0101010101010101  {symbol)
inv.C

0001001001211011 {decoded value)

* The L8B on the left is transmitted first
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Table 3.2-5: “A” binary pattern

Frame speed 1234567............... 16 17 i, k)
Al 1600bps/2-level 0111100011110011 0101100100111001
A2 3200bps/2-level 1000010011100111 0101100100111001
A3 3200bps/4-level 0100111110010111 0101100100111001
A4 6400bps/4-level 0010000101011111 0101100100111001
A5 Reserved 1101110101001011 0101100100111001
A6 Reserved 0001011000111011 0101100100111001
A7 Reserved 1011001110000011 0101100100111001
A8 Reserved 6110001101000001 0101100100111001
A9 Reserved 0001101111100010 0101100100111001
Al10 Reserved 00101106010000110 0101100100111001
A1l Reserved 10100101111061000 0101100100111001
Al12 Reserved 1001001010001100 0101100100111001
Al3 Reserved 0110111010011000 0101100100111001
Al4 Reserved 1011111001011010 0101100100111001
AlS Reserved 1111000110011101 0101100100111001
Ar Re-synchronization {1100101100100000 0101100100111001

The LSB on the left is wansmitted first

¥ (“A” = BCH (31, 21) code + even parity, but is transmitted in reverse order of the other code word}

3.2.1 Emergency Re-synchronization transmission

CELELELTTE

Fig. 3.2.1-1 : Emergency Re-synchronization transmission

Table 3.2.1-1 : Emergency Re-synchronization transmission

BS 1010191010101010
A (AnD 1100101100100000 010110010011100%
inv.BS 0101016101010101

inv.A (Ar){0011010011012111  1010011011600110

The L.SB on the left is transmitted first

With the FLEX-TD system, in such instances as when error occurs with the spare time
reference system or when other important parts fail which result in loss of the synchromization
timing for base station facilities, an Emergency Re-synchronization signal must be sent before
a new paging message is transmitted. -

- Note:  As the FLEX-TD system is a synchronization paging system which does not require
preambles once the pager has established frame synchronization, transmission must
be performed at that same timing; otherwise the pager will stop receiving,

The Re-synchronization pattern in Fig. 3.2.1-1 and Table 3.2.1-1 must be transmitted for a
continuous period which is equivalent to the battery saving cycle for a pager having the
maximum Collapse cycle value. For example, if the system has a pager with a maximum
Collapse cycle value of "7," the Re-synchronization pattern must be transmitted continuously
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for 4 minutes in order to ensure that the pager receives the Re-synchronization command
correctly at least once.

In rare instances, however, such as when the Collapse cycle value for the system is set for "0"
(wherein all pagers will receive a transmission on each Frame), the Re-synchronization
pattern need only be transmitted for a 1.875 sec. duration.

The Re-synchronization pattern follows the definition for synchronization part "A" in the
sync. signal structure described in Section 3.2. The "Ar" pattern defined in the previous
section is selected for pattern "A", while “Ar" is appended with the 16-bit signal 1,0,1.0...
which separates the inverse “Ar” signal. At present, a method for regulating how to start and
end transmissions for Re-synchronization has yet not been specified (so far the only item
specified in this respect is that the overall transmission time length must be at least equal to
that of the pager having the longest battery saving cycle in the system).

3.3 Interieave and multiplexing

Each interleave block occupies 160 ms of the transmission time, regardless of the specified

frame speed. As shown in Tables 3.3-1, 3.3-2 and 3.3-3 below, the amount of information
* per block increases according to the specified frame speed. A Frame is structured of
multiplexed 1600bps data strings, wherein 1600bps is non-multiplexed, 3200bps is 2-channel
multiplexed and 6400bps is 4-channel multiplexed. Each of the channels used in this
configuration is called a "phase”. 1600bps is structured of one phase (a), 3200bps is
structured of 2 phases (a,c) and 6400bps is structured of 4 phases (a,b,c,d). The tables also
provide a method for combining information data strings, which are referred to as “multiplex
phases.”

Table 3.3-1 : 1600bps biock (8 word x 32 bits)

1234567 svosceoscosaens 21 27 0 e v e 6 e s s 31 372

Even

Information bits Parity bits parity

WordQa | iiiiiiiiiitiitiiidiat PPPPPPPPPP P
Wordlal ittiiiitidiitidiiitiii ppPPPPPPPP p
Word2ajiiiiiiitiiiiiiiiiiiit pppPPPPPPP P
Word3a | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPP p
Wordda | iiiiiiiiiitidiiiiiiiia PPPPPPPPPP p
WordSa | iiiitiidiiiiiiiiitidini PPPPPPPPPP P
Word6a | itiiiiitiiiiiiiiiiiid PPPPPPPPPP p
Word7af{ iiiiiiiiiiiiiiiiiiiil pPPPPPPPPPP P
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Table 3.3-2 : 3200bps block (16 word x 32 bits)

1234567 covoosnsnonoo 21122 ¢ o o o o o =« o 31 32

Even

Information bits Parity bits parity

WordOaj iiiiiidiiiidiiiiiiiiii PPPPPPPPPD p
WordOc | iiiiiiiidiiiiidiiiiiti ppPDPPPPPPP P
Wordla}itiitiiiiiiiiiiiiiiii PPPDPPPPPPPD P
Wordlc | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPP P
Word6a | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPP P
Word6e | iiidiiiiiiiiiiiiiiiii PPPPPPPPPPD p
Word7a| idiiitiiiiiiiiiidiiii PPPDPPPPPDPP P
Word7cj iiiiitidiiiiiiiiiiiiii pprpppPPDPDPYD p

Table 3.3-3 : 6400bps block (32 word x 32 bits)

123456700-000.0-0.00‘21 2,2-:000.-.031 32

) Even

Information bits Parity bits parity

WordOa | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPYPD p
WordOb | jiiiiiijiiiiiiiiiiiii PPPPPPPPPP p
WordOc | jiiiiiiiiitiiiiiiiiii pppppppppPP p
WordOd | ijiiiiiiiiiiiiiiiiiii |PPPPPPPPPP p
Wordla| iiiiiiiiiiiiiiiiiiiii PPPPPPPPPP P
Wordéd | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPP p
Word7a | jiiiijiiiiiiiiiiiiiii PPPPPPPPPP p
Word7b} jiiiiiiiiiiiiiiiiiiii PPPPPPPPPP p
Word7c | iiiiijiiiiiiiiiiiiiii PPPPPPPPPP P
Word7d | iiiiiiiiiiiiiiiiiiiii PPPPPPPPPPD p

3.3.1 Block size

All blocks have a length of 160 ms and when the channel bit rate increases, the level of
multiplexing increases accordingly.

1600bps - 8words 8x32= 256bits Multiplexing level 1

3200bps - 16 words 16x32= 512bits Multiplexing level 2
6400bps - 32 words 32 x 32 =1024 bits Multiplexing level 4
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3.3.2 Transmission of blocks

All words consist of BCH (31,21) codes and even parity extending horizontally from each of
words 0a,0b,0¢,0d,.....7a,7b,7¢,7d. '

Binary bit series are either subject to direct modulation (2-level FSK), or when
3200bps/6400bps (4-level FSK) is used, the first bit series is made to pass through a 2-bit
symbol converter, and symbol conversion is performed so that the first 2 bits are always
processed as a pair and converted into 4-level symbols. Of the first 2 bits for 3200bps/4-level
FSK, bit Oa is converted into the MSB for the symbol and bit Oc into the LSB. Of the first 2
bits for the 6400bps/4-level FSK, bit 0a is converted into the MSB for the symbol and bit Ob
into the LSB. (The MSB for a symbol is positioned at the left side of the symbol as described
in Section 2.1.3.)

As shown in Table 3.3-1, on the radio channel, bit series are transmitted vertically, from the
top left end row down through the bottom right end row. At 3200bps and 6400bps, the bit
series are transmitted vertically as shown in Table 3.3-2 and 3.3-3, respectively. As the tables
illustrate, the block structure used for 3200bps and 6400bps is a combination of code
interleave and multiple 1600bps data strings which are multiplexed (or else it can be assumed
that multiple interleaved data strings have been multiplexed). The example used for 6400bps
in Table 3.3-3 shows how transmission starts, beginning from word Oa and continues in the
order of words 0b, Oc, 0d, 1a,....7a, 7b, 7¢, 7d...

This transmission procedure is also illustrated in Fig. 3.3.2-1. “w7bl ~ w6b3” in the figure
represent words and bits (in this case, “w7b1” indicates bit “1” of word “7”, which
corresponds to the first information bit).

1600bps/2-level 13

3200bps/2-levei 33

3200bps/d-tevel KTIE:

6400bps/d-lever BEE

Fig. 3.3.2-1 : Interleaving and multiplexing

3.3.3 Reception of blocks

Each pager extracts phases "a", "b", "c" or "d" depending on the values assigned to it from the
bit series arranged in an 8 x 32 array in its memory. At this point, BCH (31, 21) codes and
even parity can be detected and processed by the 2-bit error correction algorithm. The error
condition is checked for each word and the information bits are extracted for further
processing.
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3.3.4 Specifying phases

If a Frame is multiplexed and multiple phases exist, the contents of the respective phase
remain independent of each other (except for the Collapse cycle, Carry On and multiple
transmission). An example of 6400bps single transmission is shown in Fig. 3.3.4-1 below.

- Frame = 88 code words/Phase e

-level FSK 4-level FSK :
e \ A i
e Phasea AF | VF ] " MF ] IB
S11 FI r o meb Ang 1 VE ] ME I 1B
L. thasec AR I VE | MF [ 1B
Phased AF | VB | MF | 1B
‘ (Refer to Sectior; 3.4 for AF,VF,MF and IB)

Block Information

Fig. 3.3.4-1 : Independent operation of the respective phases at 6400bps

Phase value 0, 1, 2 or 3 is assigned to the ID-ROM of each pager. If the phase value assigned
at 6400bps is “0”, the pager receives "a" if “1” is assigned, it receives “b”; if “2”, it receives
"c”, and if “3” is assigned, it receives “d”. If the phase value is “0 or 17 at 3200bps, the pager
receives "a"; if itis “2 or 3,” it receives “c”. In addition, if the phase value is 0, 1, 2, or 3 at

B

1600bps, the pager receives "a".

Also note that the method whereby the pager specifies the phase is regulated by the ID-ROM.
The following 3 methods can be used. The Infrastructure facility transmits using the phase
which matches up with the one specified by the pager. (Refer to Section 3.8.3)

(1) Single phase

The method whereby one of the four phase values is assigned to the pager (with this method,
the pager receives a page only in the phase specified by the assigned phase value).

(2) Any phase

The method whereby the pager can monitor addresses in all phases, but message reception for
each page is performed only in the single phase (this is because pagers having Any phase
mode use only the phase assigned by the operator at the time of each transmission).

Note : For each single address in a Frame, a message can be received up to two times (in
this instance the message is not necessarily assigned to the same phase). Also, for
pagers having two addresses which perform group call page using a common
address, it is not necessarily assigned to the same phase.(Refer to Section 3.8.5)

(3) All phase

The method whereby pagers can receive all phases, including messages. (Details for this
method are presently under study.)

(4) In items (1), (2) and (3) above, the word "address" means Short and Long Address for an
individual and a group call page.
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3.4 Transmission order
3.4.1 Transmission order in Frame (single transmission)

Fig. 3.4.1-1 below illustrates the transmission order in a Frame (note that the boundaries
between fields are not restricted by the boundaries between blocks).

2-level FSK 2-level or 4-level FSK
[ oo e o f
i ] 1

S1 { F1 jS2{ Bl AF VF MF IB

Fig. 3.4.1-1 : Frame transmission sequence

Synchronization part 1 (S1)

Synchronization part 1 is structured of 112 bits for 1600bps modulated by 2-level FSK. The
system utilizes 16 patterns for synchronization. These paiterns are used for specifying the type
(combination of each signaling speed and modulation scheme) for subsequent Frames of the
four types (refer to Section 3.2).

Frame I_nformation (FI)

Frame Information Word is a 32-bit word transmitted at 1600bps, 2-level FSK modulation,
which includes Frame number, Cycle number, etc.—( refer to Section 3.6 for details).

Synchronization part 2 (S2)

Synchronization part 2 provides the block synchronization timing information to the pager.
When 1600bps frame speed is used, the S2 signal is structured of a 40 bit (40 symbol) patiern
transmitted at 1600bps/2-level FSK; when a 3200bps/2-level FSK frame speed is used, it is
structured of an 80 bit (80 symbol) pattern transmitted at 3200bps; when 3200bps/4-level
FSK frame speed is used it is structured of an 80 bit (40 symbol) pattern transmitted by
3200bps/4-level FSK, and 160 bit (80 symbol) with 6400bps frame speed (refer to Section 3.2
for details).

Block Information (BI)

The 1st, 2nd, 3rd or 4th words in the 1st block (block 0) contain the Block Information. In
typical cases, the Block Information is one word, consisting of 2 bits which are used to
indicate the word number where the Address Field starts, 6 bits which specify the starting
point for the Vector Field, 2 bits which indicate traffic overflow o subsequent Frames (i.e.,
Carry On), 3 bits which indicate the number of low order Frame number bits (LSB) to be
received by the pager (system Collapse), and 4 bits which indicate the number of words
included in the Priority Address field at the top of the Address Field (refer to 3.7 for details).

Address Field (AF)
The Address Field starts immediately after the Block Information Word(s) and is structured of

Short Addresses consisting of one word, and Long Addresses consisting of 2 words. The
Tone-Only Address is positioned at the end of the Address Field , as it does not require
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related vectors. The Priority Address is positioned at the top of the field (refer to Section 3.8
for details).

Vector Field (VF)

The Vector Field starts from the point indicated by the Block Information Word and
maintains a one-to-one pair relationship with the Address Field. Each vector in the Vector
Field indicates the word number where the corresponded message word starts and the number
of message words in the Frame. Also it indicates the type of the related message in the Frame.
Fig. 3.4.1-2 shows the relationship between the Address and Vector Fields (refer to Section
3.9 for details).

Address Field Vector Field

— o nam e — — Eaali e | U —

o— a ——— — . — - ARELL oy — Vi ———t. ot

% > S ——
nWords nWords

{A) Address/Vector Field relationship when the address is one word (Ax and Vx are related)

Address Feld Vector Field

w— asaag — — s s —— MEEL v AMdnipteh——————————Hrn s

Ax | Ay Vx { Vy

— G AR G oMb —tr— i

> Ayis 2nd word of Ax Vy is 2nd word of Vx

nWords nWords
(B) Address/Vector Field relationship when the address is 2 words (Ax,Ay andVx, Vy are related)

Address Field Vector Field

o - i a—n TR A e, k. o WA pesiett.  wmem s s momm

<= nWords —>  Tupe Only Address  [<—— NWords —>]
Address which
requires a vector

(C) Address/Vector Field relationship when Tone-Only Address exist (vector does not exists)

Fig. 3.4.1-2 : Relationship between Address and Vector Fields

Message field (MF)

The message field includes the message words specified by the Vector Fields. (Refer to
Section 3.10 for details)

Idle Block (IB)

Blocks which are not in use must be filled with alternating all I's and 0's code words, s0 as to
generate a 1, 0 pattern at 1600bps on the channel. In instances when 4-level FSK is used, the
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default for the blocks must contain the appropriate pattern for them so that the same binary
waveform is generated at 1600bps on the channel. Necessary information is written over the
default for a block, while Idle blocks are maintained as they are. The default structures for
Idle blocks are given in Table 3.4.1-1 below.

Table 3.4.1-1 : Idle block structure

1600bps/2-level 3200bps/2-level
wordO {1 1 1 111+ « « « «f |wordO T 1111 1 « ¢« o o o
cjl1 11111 ¢« o o

word}_ 000000"'"' )
wordl Ja|]OOOO OGO . - « o o«
word2 (11 1 1 1 1 « ¢ o v cj0 00000 . « « o
WOId3 000000""' word23111111 s e
¢t T 11T 11« o o o«

wordd 11 1 1L 1 1 1.« o o

word3}a {0 0O OO O0O0 . « « « &«
words |10006000 - « « « - cl000000 . « - « &

wordé |1 1 1 1 1 1 « « o « . . .
word7 |00 0000 .« « « « & word7 j4o 10 0 OO0 0+ +» » « &
cj{0 00000 . + + « -

3200bps/4-level 6400bps/4-level
all 1 1.1 1 1+ « + » & all 1 1T 1 1 1 ¢ « o o o
word0QlcjO 0 0 O 0O O « « v « & b|0OOCOOO . « + . &
al0 00000 . « ¢« » «]fwordOJc |l 1 1 1T 1 1+ « « « =
word1]c|O O 0 0 0 O « « + + . - d|0 0 0 00 0 « « « & &
all 11 111 « « « « al0 00000 .« « « « .
word2ici0O 0 O 0 O O « » .+ .+ . bij0 00000« « « « &
al0 0 0000 . - « « «tlwordlfcjiO O OO00O0. « « ¢« &
word3]c]O0 0 O 0O O O - « .+ + & djO OO0 0O 0 0 « ¢ + « &
21 1 1 1 1 1 ¢+ ¢ ¢ «
: : bi100O0OCO0OO0O0 .« « o « &
al0 0 0 000+« « « « olfjword2|c |l 1 1 1T 1 1 « o« « o«
word7]c{0 0 0 O O O « =« + + & djo 000600 . « « o .
Aa10 00000+ + = « =
bi00OO00O0 .« « « « &
Note : “a ~ 4" represent phases word7 ¢ OO0 OO0+« « « « &
d{0 00000 .+« « « « &
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The Frame structure can be shortened in block units only when there are unused blocks in one
transmission. In such instances, the block structure must include block 0 (Block Information
Word). Fig. 3.4.1-3 below shows a case when no addresses, vectors or message information
are contained in a block. The block area indicated by dotted lines in Fig. 3.4.1-3 contains no

transmission data and can be filled with Idie blocks.

S1|Fl |82 | BI| IB

S |
Block 0

Fig. 3.4.1-3 : The Frame transmission sequence in minimum,

Also, Fig. 3.4.1-4 is an example of the Block Information Word structure when no addresses,

VECIOrs Or messages are contained.

1234567.000..0:.0000021 7
Information bits

Parity bits

31

YELEXPBARRBRRHY VI, sCemmm] PPPPPPPPPDP

32

g

P

Ex. : No addresses, no vectors, no messages, no Carry on and
System Collapse cycle value m=4

010100000010000000001 0110000110 0

Fig 3.4.1-4 : The Block Information Word structure when no address, vectors or

messages are contained.
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3.4.2 Frame structure for multiple transmission

Fig. 3.4.2-1 shows an example of the Frame structure for multiple transmission.

4 Frame = sync signal + 88 words/phase -
S
séﬁ; Block 0] Block 1] Block 2] Block 3] Block 4] Block 5] Block 6] Block 7| Block 8] Block 9 }Block 10§

% 7
AF VE MF B AF VF MF B
é %
Subframe = 44 words Subframe = 44 words  smnmm—
{on st ransmission) (on 2nd fransmission)
o
aAF VE ME IB?: AF VF | MF IB? AF VE MEF B =l
7
le—  Subframe = 29 words ~-»'€— Subframe = 29 words —>*&  Subframe = 29 words
{on 1st transmission) (on 2nd ransmission) {on 3rd transmission) 1 word

AF|VF| MF | IB AFiVF{ MF | B

WA

AF|VF| M¢ | B [AF [VF| MF | B

e e

Subframe = 22 words _geleg. Subframe = 22 words pleg. Subframe = 22 words 4,4 Subframe = 22 words
{on ist ransmission) {on 2nd wansmission) {on 3rd transmission) {on 4th transmission)

% Note : shaded sections contain Block Information Word. Also AF,VF,MF and 1B
é represent Address Field, Vector Field, Message Field and Idle Block respectively.

Fig. 3.4.2-1 : Example of Frame structure for multiple fransinission

A Frame is divided into multiple Subframes corresponding to the number of words defined by
the number of times transmission is performed. If transmitted two times (repeated once), the
Frame is divided into two Subframes, if transmitted three times (repeated twice), the Frame is
divided into three Subframes, and if transmitted four times (repeated three times), then it is
divided into four Subframes.

In any of above transmissions, each Subframe is transmitted at a repeated transmission
interval equivalent to the System Collapse cycle. Accordingly, at the 1st transmission, the 1st
Subframe of the pertinent Frame is transmitted, and at the 2nd transmission, the 2nd Subframe
of the next pertinent Frame is transmitted with a delay corresponding to the transmission
repeating interval from the 1st transmission, at the 3rd transmission, the 3rd Subframe is
transmitted with a delay corresponding to the transmission repeating interval from the 2nd
transmission, and at the 4th transmission, the 4th Subframe is transmitted with a delay
corresponding to the transmission repeating interval from the 3rd transmission. An example
of 3x multiple transmission is shown in Fig. 3.4.2-3. A Subframe consists of the Block
Information Word, plus Address, Vector and Message Fields and Idle Blocks. The Frame
structure for 2x, 3x and 4x transmission sequences is as shown in Fig. 3.4.2-1...

Regardless of the number of repeated transmissions, the specifications for the Block
Information Word, Address Field, Vector Field, Message Field and Idle Blocks contained in
the 1st Subframe of the 1st transmission shall accord with Section 3.4.1. Also, the same bit
stream as transmitted for the 1st transmission is transmitted for the Block Information Word,
Address Field, Vector Field, Message Field and Idle Blocks in the 2nd, 3rd and 4th
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transmissions. In case of 3x transmission, the specification for the last word of the Idle Block
shall accord with Section 3.4.1 and is identical to word 7 in Table 3.4.1-1. ‘

The word numbers for Subframes are assigned from 0 to 43 for 2x transmission sequences,
from O to 28 for 3x transmission sequences and from O to 21 for 4x multiple transmission

sequences. For example, the word structure for 4x transmission sequences is shown in Fig.
3.4.2-2 below,

o

88 words : -
Word Word | Word Word | Word Word | Wond Word
No, | #2000 No. No. Jee=- No. No, |#0e- No. No.J ¢2oe No.
0 21 0 21 0 21 0 21

¢~ 1st transmission ~* [— 2nd transmissionr™ [%~ 3rd transmission™ [~ 4ith ransmission ==

Note : Word No. 0 always contains Block Information Word

Fig. 3.4.2-2 : Word structure for 4x multiple transmission
Fig. 3.4.2-3 gives an example of the Subframe structure for 3x multiple transmission.

Syne
"5 signal

Frame 0 1 2
Subframe | 2 3 1 2 3 12

Sync Ist transmission Sync Sync  2nd transmission Sync 3rd transmission

signal signal signal signal
Repeat interval = 2 Frames
' Repeat unit = 6 Frames
No. of transmissions (from Frame Info, Word) = 3

System Collapse value  (from Block Info. Word)= 1
System Collapse cycle = 21 (repeat interval) = 2 Frames
Repeat unit = 3 (No. of transmissions) x 2 Frames( repeat interval) = 6 Frames

Fig. 3.4.2-3 : Example of Subframe structure for 3x multiple transmission

If the system has paging information being transmitted when changing the collapse cycle,
transmission speed, modulation scheme or the number of repeated transmissions for the base
station facilities, the base station facilities waits until transmission of the multiple
transmission units for the paging information is completed, then changes these parameters.
Once the parameters are changed, Frames without paging information are transmitted for the
duration of one repeat unit at the value before the change.

30



RCR STD-43A

3.4.2.1 Definition for multiple transmission on the system

The number of transmissions on the system is defined by the Frame Information Word.(Refer
to Section 3.6 for details)

3.8 Error correction
3.5.1 Basic word struciure

Fig. 3.5.1-1 below shows the basic word structure.

12345678910 ...+ 21{722 -« e 31l 32
dmdozdmdeadosdaeqndosdogdmd;1d12d33d14ds5dlsdsvdlsdmdmdzl PPPPPPPPPPLP
Information bits Parity bits -

o

% K X, X 8,3, 8, 3, b, bbby g0 d,dddeg{PPPPPPPPPP

T o /:'//-;/' | =
Data LSB Overall even parity check

4-bit check sum Even parity

1st transmitted bit

Fig. 3.5.1-1 : Basic word structure

A type of word which has a 4-bit checksum in the information bits utilizes the 4-bit checksum
defined below:

4 LSB of 1's complement for X= (A+B+C+D+E)

A= (3.3, 42, 4p, a{}) C = (039 €2, C1s CO) E= o
B=(b;, by, by, b)) D= (ds, dy, dy, dp)

Example : Calculates checksum for the following information bit 5-21
XXXX 1010 0011 1001 1100 1
Rearrange 4-bit fields so that the LSBs of each field is positioned at the far right.

0101
1160
1001
0011

1
011110

1's compliment of the result of calculation = 100001

4LSB = 0001

Rearrange 4-bit fields so that the LSB of each 4-bit field is positioned
atthe farleft = 1000 1010 0011 1001 1100 1
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3.5.2 BCH generator polynomial

One word is expressed by (BCH [31, 21] + even parity). The generator polynomial is
expressed by the following equation: ’

Generator polynomial : G(x) = X'+ 3%+ 33+ X% X5 + X3+ X°
The 21 information bits correspond to the coefficients for the polynomial having terms from
X**to X'°. This polynomial is divided by the generator polynomial (modulo 2). As a result of
this division, remainder which are the coefficients for X°to X° serve as BCH checksum bits
for bit No. 22 ~ 31.
Bit 32 is the even parity bit for the overall word decided by bits 1 ~ 31,
3.6 Frame Information Word

The structure of the Frame Information Word is shown in Fig. 3.6-1. The Frame Information
Word is structured of one word.

12345679@00n-oao-oaoezlz‘z.o,g.g,°°3132

Information bits ' Parity bits -
A%%666 66 LEL Lttt ppPPPPPPPR|P
01011100001 1110011000}01110001¢00]0

Example : Cycle 3, Frame 60, No. of transmissions ; 2

Even parity

Fig, 3.6-1 : Structure of Frame Information Word

¢ : Cycle number [0 - 14] I €3, Cy, €1, ¢g maximum 135 Cycles
f: Frame number [0 - 127] : f5, §5, £y, £3, £, fi, fy (128 Frames per Cycle)
n : Roaming Network : when n=1, roaming allowed
when n=0, roaming not allowed.
r : multiple transmission indication :
Whenrt=1 : [t3, iy, t;, ty] indicate the information for multiple transmission.

When r=0 : the number of transmissions is 1x and [t3, t, t;, ty] serve as flags which
mdicate Low Traffic during each phase of the Frame.

t: tis defined by the value of r :

When r=0 : [ts, t;, t;, to] serve as Low Traffic Flags corresponding to phase (d, ¢, b,
a).

At 3200bps: [tz = ty, ty=t, ] shows Frame is 2 phases.
At 1600bps : [t3 = ty=t;=t,] shows Frame is 1 phase.
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t=1 - indicates that the address field does not exceed block 0.
t=0: indicates that the address field exceeds block 0.

These flags are used for indicating Low Traffic and that all addresses have been allocated to
block 0 at an earlier stage. When there is Carry On or a change in the Cotllapse cycle, flags
are not set for 1, even when tratfic is low,

When r=1, [t;, t] define the No. of transmissions at that point :

[ty, to] = 0,1 No. of transmissions = 2
1,0  No. of transmissions = 3
1,1  No. of transmissions = 4
0,0 Reserved

And [tt2] is used to indicate a TD Collapse cycle which enables use of a different Collapse
cycle from the System Collapse cycle in multiple transmissions.

{oet]= 0,0  Apply dictated System Collapse cycle
0,1 TD Collapse cycle value 6
1,0 TD Collapse cycle value 7
1,1  TD Collapse cycle value 5

When TD Collapse cycle value is used, the TD Collapse cycle value takes priority over the
Systern Collapse cycle value.

X: 4.-5it checksum
3.7 Block Information
3.7.1 Block Information Word 1

The structure for Block Information Word 1 is shown in Fig. 3.7.1-1 below. Block
Information Word 1 is structured of one word.

1234567.ootoouoac-oooz'l22oooooo-oo3132

Information bits Parity bits -
XX NP D B Py ¥V Vy Vg V5 G G My, PPPPPPPPPPIP
010?01010100!1}110011lOIliIOOEOO

Ex. : addresses start at word #3, vectors start at word #60 and Caxfy On 1o the next Frame;

System Collapse cycle value of 6 and the first 10 words in the Address Field are the Priority
Addresses .

Even parity =—

Fig. 3.7.1-1 : Structure of Block Information Word 1

p: indicates the number of words [ (0 ~15) Ps, Py, Py, Py ] of Priority Addresses at
the top of the Address Field. ‘

a: specifies the end of the Block Information field (0 ~ 3). [a;, ag= (00, 01, 10,
11)] indicates that the Address Field starts from word 1, 2, 3 or 4 respectively.

v: specifies the word number (1-63) where the Vector Field starts designated by the
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6 bits (Vo through Vs). When the vector field does not exist, this field is set to
the position of the word that follows the last Tone-Only Address (note that the
Tone-Only Address has no vectors). When no addresses exist, it is set to the
position of the word which follows the last Block Information Word.

¢: indicates flags [c; ¢y, = (00, 01, 10, 11)] for traffic “Carry On.” These normally

indicate that information to be sent in the pertinent Frame can also be transmitted

in subsequent Frames. Flags apply only to pagers which receive the Frames

- based on the Collapse cycle and the values for Carry On must be identical for all

phases in one Frame. Also note that Carry On is not allowed for multiple
transmission.

(cicp) = 0,0 No Carry On
0,1 Carry On 1 Frame
1,0 Carry On 2 Frames
1,1 Carry On 3 Frames

m : System Collapse cycle values (0 - 7), m=0 is not allowed for multiple

transmission.

m; 1y my o

0 0 O : Framecycle2 | = 1 (the pager decodes all Frames)

0 0 1 : Framecycle 2 =2 (the pager decodes every 2nd Frame)

1 1 1 : Framecycle2 =128 (the pager decodes once every 128 Frames)

X: 4-bit checksum
3.7.2 Block Information Word 2, 3 and 4 (as required)

The structure of Block Information Word 2, 3 and 4 are shown in Fig. 3.7.2-1. Block
Information Word 2,3 and 4 each consist of one word.

12345670 o a0 s ocsssooaadllonesesoeoesesslliz

Information bits Parity bits e
Bo X% % By £ 58,8 88,8558, 8,885, s,8l pPPPPRPRP PP D P
110i100101001111i001111111000110
Ex. date format : 1999, 31, 12 (December 31, 1999)

Even parity —
Fig. 3.7.2-1 : Structure of Bleck Information 2, 3 and 4

f: Type {f, f; fo] of the word format and indicates the content specified by s.
$ : See table 3.7.2-1 for data.
X : 4-bit checksum

The word formats are listed in Table 3.7.2-1.
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Table 3.7.2-1 : Word formats

£ fnp lsin S S35 810 89 Sa S7 S¢S Se S3 Sy 81§
g b g is dg kb B U I C G G ¢ C}SSIDI (tocal channel ID, Coverage
Zone)

my my m my 4 dy dy dp dy Yy Yy Y, Y, Y| month/day/year

8, § S5 Ms My My My My My Hy Hy Hy Hy Hp second/minuie/hour

Reserved
Reserved
L L L L L L L L L X Ay A A Ag System Information, Type
Reserved
Co Cg C G G C C © € G T3 T, Ty T S8ID2 (Country Code, Traffic
Management Flag)

=g o
=

F e T et I e T s }
[P e B W
— D = D bt D e

Note: Block Information Word 1 is transmitted at the beginning of the Block
Information Word field. The transmission order for Block Information
Words 2, 3 and 4 in each frame is not regulated.

The roaming system channel must transmit Block Information Word formats 000 and 111 for
the “Simulcast System ID” (SSID). The SSID words contain the Local channel ID, Coverage
Zones, Country Codes and Traffic Management Flags(TMF) and must be transmitted
according to the rules described in Chapter 6. Block Information Words 001, 010 and 101
contain Time-related information. However, when such Time-related information is
transmitted, at least 1 Time-related Block Information Word (Block Information Word 001,
010 or 101) must be transmitted in each Phase of Frame 0 Cycle 0. (Refer to Chapter 6 for
details.)

Local channe! ID/Coverage Zone/Country Code/Traffic Management Flag

- LID with Coverage Zone, Country Code and Traffic Management Flag defines a specific
simulcast coverage area. On RF channels which support SSID Roaming, Block Information
Word 000 must be transmitted in every Frame; also Block Information Word 111 must be
transmitted in Frame O through Frame 3. Therefore, if channels are shared or other existing
signal codes are mixed on one channel (hereafter referred to as "channel mixing),
transmission of Frame 0 through Frame 3 must not be blocked.

Country Codes comply with CCITT (ITU-T) E.212 Annex A, Japan's Country Code is
IIMO.H

The 4 Traffic Management Flag indicate which of the four traffic groups the channel is
assigned to. After a pager which is roaming has detected a channel having the LID,
Coverage Zones and Country Codes which match up with those for the pager, the pager
corresponds with only one of the 4 flags, When more than 1 flags is set to O, the pager
assigned to this group must search for other channels with the same LID, Coverage Zone
and Country Code which has it's flag set to 1.

Month, Day, Year/Second, Minute, Hour/Time Zone
Date, Time and Time Zone based on the Standard time in each region are transmitted by
Block Information Word 001,010 and 101 respectively. However, to display or update the
data more frequently, the information can be transmitted in other Frames.

- Month ,Day, Year

The field for month is 4 bits (0001-1100, Jan.-Dec.) ,the field for day is 5 bits (060001~
11111,1-31) and the field for year is 5 bits (00000-11111,1994-2025).
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- Second, Minute, Hour

The field for Hour is 5 bits (00000-10111,0-23),the field for Minute is 6 bits (000000-
111011,0-59 minutes) and the field for Second is 3 bits (000-111,1/8 minutes or 7.5
seconds interval). The synchronization to the real time is based on the rising edge of the Ist
bit of the Bit Sync. 1 of the Frame 0 for the Cycle which contains that Frame. (in the case
of multiple transmission, the Frame first transmission is done)

System Message/Time Zone

- 4 bits [A3 through Ag] of Block Information Word 101 indicate whether the instructions
and the System Messages from the infrastructure facility are sent in the present Frame or
not. Also these 4 bits indicate types of messages or types of pertinent pagers, and so forth.

It is allowed to put one Block Information Word 101 for System Messages in each Frame
and each phase. When there are corresponding Operator Messaging Address to Block
Information Word 101 for the System Message being transmitted, System Messages must
be transmitted by both methods (i.e., by Block Information Word 101 and Operator
Messaging Addresses). In instances, Operator Messaging Addresses is used, System
Messages are transmitted in the same manner as regular paging. (Regarding Operator
Messaging Addresses, refer to Section 3.8.2.4)

Table 3.7.2-2 : Word Format Table of Block Information Word 181

Is I8 Ir Ise I5 4 B8 I2 I Io‘ Ar As Ay Agl Typesof message and [nstructions

-

r r r r tr 1 r r r r{0 O O O System Message for all pagers
r r r F T T ] 0 0 0 1 Systern Message for all pagers in
Home
r r r v r r r t ¥ riO 0O 1 0 System Message for all roaming
' pagers
r r r !0 0 1 1 System Message for SSID pagers
Zs 2 21 Znl 0 1 0 o Time related for all pagers and
additional Time Instruction
Additional Time Instruction
Channel Set Up Instruction
Reserved

>

y
L §
-t
-

r r r 7t

S5 S84 83 1t Lo Za

Ss S4 S3 r Lo Za 73 Z2 Z1 Zo| 0O

Bo No Ot Qo Fs Fa F3 F2 Fi1 Fol 0O
0

[y T T T

-
D s

*

i1 Reserved

— e @ @ =t e b
Tt
[

r r r r r 1 r r 1 rii
r represents reserved bits.

- System Message for all pagers (A3A2A1A0=0000)

OPeratdr Messaging Address; 1 1111 0111 1000 0001 0000 is used.(From MSB to LSB.
Refer to Table 3.8.1-1)

- Systemn Message for all pagers in Home (A3A2A1A0=0001)

Operator Messaging Address; 1 1111 0111 1000 0001 0001 is used.(From MSB to LSB.
Refer to Table 3.8.1-1)

- System Message for all Roaming pagers (A3A2A1A0=0010)

Operator Messaging Address ; 1 1111 0111 1000 0001 0010 is used.(From MSB to LSB,
Refer to Table 3.8.1-1) -
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- System Message for all SSID pagers (A3A2A1A0=0011)

Operator Messaging Address ; 1 1111 0111 1000 0001 0011 is used.(From MSB to LSB.
Refer to Table 3.8.1-1)

- System Message Time related for all pagers and additional Time Instruction.
, (A3A2A1A0=0100)
Operator Messaging Address ; 1 1111 0111 1000 06001 0100 is used.(From MSB to LSB.
Refer to Table 3.8.1-1)

Three bits of extended Second field (S3 through Ss,000-111, 1/64 minute or 0.9375 second)
extend the Second field in Block Information Word 010. 1 bit of Day Light Saving Time Flag
(Lo) indicates a type of Time Saving. For Lo=0, transmitted Time Instruction indicates Day
Light Saving Time. 5 bits of 32 Time Zone field (Z4 through Z0) are used to indicate one of
Time Zones shown in Table 3.7.2-3.

- Additional Time Instruction (A3A2A1A0=0101)

Three bits of extended Second field (S5 through S3,000-111, 1/64 minute or 0.9375 second)
extend the Second field in Block Information Word 010. 1. bit of Day Light Saving Time Flag
(Lo) indicates a type of Time Saving. For Lo=0, transmitted Time Instruction indicates Day
Light Saving Time. 5 bits of Time Zone field (Z4 through Z0) are used to indicate one of 32
Time Zones shown in Table 3.7.2-3.

- Channel Set Up Instruction (A3A2A1A0=0110)

When System Message Bit (Bo) in the Block Information Word is set to "1", it indicates that
the channel supports a transmission of System Messages. Also, when NID System Message
Bit (No) is set to "1", it indicates that the channel supports a transmission of System
Messages. 2 bits of Maximum Carry On field (01, O2) indicates the maximum values of Carry
On for roaming pagers. 6 bits of Frame Offset field (Fs through Fo,1-63) indicates Frame

Offset values for pagers which function Frame Offset.
Transmission of System Message

- As shown in Fig.3.7.2-2, when System Messages are transmitted by Block Information
Word 101 at A3A2A1A0= 0000~0100 in Frame 0, corresponding vectors except Secure
vector (Note other types of vector are not applied to Message Numbering service) are
transmitted at the end of the vector field and the System Messages are transmitted in the
Message field. (Note that even when data is frequently displayed or updated, it can be
transmitted within other Frames.) The transmission of a System Message by Block
Information Word 101 must be one time per each phase.

Tone-Only Addresses (without vectors) cannot be transmitted in Frames used for
transmitting System Messages. And, it is possible to transmit System Messages by Operator
Messaging Addresses. ‘

Fig. 3.7.2-2 shows combinations of transmissions for System Messages using both BIW101
and Operator Messaging Addresses
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System Message

F i ?

¥ ]

i ]
Biock ! i

Sync [Womror" BAddress Field Vedor Field ' Message Field ! Idle

an N H H Block
1 E
oh-105 ' :
: : :
(a) The transmission of System Message by Block Information Ward,
Operator Messaging Operator Messaging
Addrss Veftor System Message
] H
. 1 ]
¥ ¥ .
Block ' : ! #

Sync {Word 101" JAddress Field Vector Field b | Message Field : Idle
and ! H Block
A A % 3 ]

(?036..0’1 T 1

; s

(b) The tansmission of System Message by Block Information and Operator Messaging Address,
Operator Messaging Operator Messaging Systern Message

Addes VTtor

v v ¥ ¥

[} 1

[} 1

i i

Sync ﬁif(:k Address Field Vector Field ; Message Field : Idie
Word ; P Block

i '
: :

v

(¢} The transmission of System message by Operator Messaging Address.

Figure 3.7.2-2 : Transmission of System Message
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Table 3.7.2-3 : Time Zone conversion table

Zonearea Lo Lo 2o 2y 4 Difference from
Greenwich Mean Time

10000 —
10001 +5h 45m
10010 +6h 30m
10011 4+9h 30m
10100 -3h 30m
10101 -11h
10110 -10h
10111 -9h
11000 -8h
11001 -Th
11010 -6h
11011 -5h
11100 -4h
11101 -3h
111190 -Zh
11111 ~1h
00000 -Oh
00001 +1h
00010 +2h
00011 +3h
00100 +4h
00101 +5h
00110 +6h
00111 +7h
010600 +8h
01001 +9h (Japan)
01010 +10h
01011 +11h
01100 +12h
01101 +3h 30m |
01110 +4h 30m
01 1 11 +5h 30m .
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3.8 Address

3.8.1 Address structure and type

(1)

2

3

C)

(5)

(6

The address types and ranges are listed in Table 3.8.1-1. The only addresses regarded as
a special address are Tone-Only Addresses which do not require vector and message
(Short Addresses and Long Addresses listed in Table 3.8.1-1 can be assigned to be Tone-
Only Addresses ).

An address is structured of either 1 or 2 words.

A Long Address consists of a combination of 2 words from the set of Long Address 1 to
4, described in Section 3.8.2.2.

Each of other addresses is structured of one word.

Reserved Short Addresses are reserved for future use. How to apply Information Service
Addresses is under study. Refer to Section 6.1.2 for details on Neiwork Addresses.

The 5 COperator Messaging Addresses having 0000 through 0100 as 4 LSB's are used to
transmit System Messages . And 2 Operator Messaging Addresses having 1110 or 1111
as 4 LSB's are used to transmit instructions for changes in systems. The rest of 9
addresses are reserved for future use.

Addresses are memorized as needed in each pager. The number of addresses which can
be memorized in each pager is not limited. ‘

Addresses are transmitted in the address field. Addresses as with higher priority are sent
in the top of the address field and the Tone-Only Addresses are positioned at the end of
the address field. The number of address words with higher priority is specified by Block
Information Word 1.

Table 3.8.1-1 : Address type and range

Type HEX Binary (information bit) Decimal | Quantity Remarks
MSB LSB
Long Address 1] 00000110 €000 0060 0000 0000 0001 1
| 00800010 Q0000 1000 0000 0009 0000 32,768 32,768
Short Address | 00800110 0000 1000 0C00C 0000 00C1 32,769
‘ 18000011 1110 0000 Q000G Q000 00003 1,966,080} 1,933,312

Long Address 3| 120001 |1 111¢ GOGO0 0000 Q000 0001 1§ 1,966,081

15800011 1110 1000 0000 0000 0000l 1,008,848 32,768
Long Address 4 | 1IE8001 |1 111C 1000 0000 0000 00011}1,998,849

1F0000 11 1111 0000 0000 0000 00C0§ 2031616 32,768
Reserved Short § IFOOCT 1 1111 0000 0CGOC0 0000 G0G1{2.031,617 Reserved for
Address IF27FF i) 1111 0010 0111 1131 1111 f 2,041,855 10,239 | future use
Information 1IFZ280011 1111 G010 1000 0000 COCOE 2,041,856 Under study
Service Addressi 1F67FF |1 1111 0110 0111 1111 1111 2,058,239 16,384
Network 1F68C0 11 1111 0110 1000 0000 COQOQO| 2,058,240 Refer to 6.1.2
Address IF77FFEL 1111 0111 0111 21111 111312062335 4,006
Temporary IF780041 1111 0111 1000 0000 0000] 2,062,336
Address 1F780F 31 1111 Q111 1000 0000 11112062351 16
Operator 1F78101¢ 3% 1111 Q0111 1000 00C1 0000]2,062,352 Refer to
Messaging 1#781F 11 1111 90111 1000 0001 11112062367 16} 3.8.24
Address T
Reserved Short | 1¥7820 11 1111 0111 1000 0010 0000[2,062.36% Reserved for
Address 1F7FFE Ll 1111 0111 1111 1111 1110] 2,064,382 2,015 | future use
Long Address 2 | 1IF7FFF {1 1111 0111 1111 11131 1111712064333

IFFFFE |1 1111 1131 3111 1111 111612097150 32,768

“Total 2,097,150
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3.8.2 Address word
The LSB of an address is transmitted first.

3.8.2.1 Short Address, Reserved Short Address

12345678910« « o o & o 2 o o +21 22 o e e o & o o o 31 32

Information bits Parity bits Even
parity

d() dydzda d4 dsds d7 dgdg dlodlldlzdndwdlsdlédl?dlsdwdZO PPPP PPP PPP p

Fig. 3.8.2.1-1 : Word structure for Short Address

d : Short Address information bits «f
dp is the LSB of the address, while dg is the MSB of the address.
The Reserved Short Address is reserved for future use,

3.8.2.2 Long Address (2 words)

12345678910- s s o 8 o o ¢ o a2l 2290.ooa003} 32
Information bits Parity bits Even
parity
ist word dodldzdg d4 d:, ds d-; dgdg dmdl1d12d13d14d15dmd1?dxadwdzo PPPPPPPPPY P
2nd word | €, €1€, €, € €58 & €; €y €0€1181213814€15%16 ©17€15€19 €20 ppPrOPPPPPPP P

Fig. 3.8.2.2-1 : Word structure for Long Address

d : 1st word information bits of Long Address
dg is the LSB of the address, while dyg is the MSB of the address.

e : 2nd word information bits of Long Address
eg is the LSB of the address, while epq is the MSB of the address.
A Long Address consists of 2 words (1st and 2nd words). Long Addresses 1 ~ 4 are
(ifeﬁned as part of Long Addresses and are used in the combinations listed in Table 3.8.2.2-
A part of combinations of Long Address Set 2-3 and combinations of Long Address Set 2-

4 are reserved for future use. Also a part of the combination of Long Address Set 2-3 is
used for Information Service Addresses.
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When a Long Address is used, a corresponding double vector is required.

Table 3.8.2.2-1 : Combination of Long Address

Long Address 1st word { Long Address 2nd word
Long Address 1 Long Address 2
Long Address 1 Long Address 3
Long Address 1 " Long Address 4
Long Address 2 Long Address 3
Long Address 2 Long Address 4

3.8.2.3 Temporary Address

When used, Temporary Addresses are specified by the Short Instruction Vector in Section
3.9.6.

The base address for the Temporary Addresses is 1 1111 0111 1000 0000 0000 (from MSB to
LSB).

The Temporary Address is obtained by adding binary 0000 through binary 1111 (as indicated
by a3 ~ ap of the Short Instruction Vector) to the base address.

3.8.2.4 Information Service Address, Network Address, Operator Messaging Address
How the Information Service Addresses are to be used is under investigation.
Refer to Section 6.1.2 for details on Network Addresses.
The types of Operator Messaging Addresses are shown in Table 3.8.2.4-1 below.
Table 3.8.2.4-1 : Operator Messaging Address

Type of Message and Instruction Operator Messaging Address
: MSB LSB
System Message for all pagers 111110111 1000 0001 0000
Systemn Message for all pagers in Home area 111110111 1000 0001 0001
System Message for all roaming pagers 111110111 1000 0001 0010
System Message for all SSID pagers 1 1111 0111 1000 0001 0011
Time related Message for all pagers 11111 0111 1000 0001 0106
Reserved 111110111 1000 0001 0101
Reserved - 1 1111 0111 1000 6001 1101
SSID Change Instruction 111110111 1000 0001 1110
System Event Notification 111110111 1000 0001 1111

- SSID Change Instruction (1 1111 0111 1000 0001 1110)

When SSID related changes occur in the system, there are instances when the Change
Instruction is transmitted to SSID pagers by using Operator Messaging Addresses. In case
of systems which split traffic by utilizing the TMF in the SSID, the Change Instruction must
always be transmitted. With other systems, transmission of the Change Instruction is
optional. The SSID Change Instruction is used to transmit change information and the
pager adds the change information to the scan list. The System Event Notification is used to
notify the pager of the type of changes which take place.”
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The contents of the SSID Change Instruction can be one or both of the following:

(1) To change Traffic split by TMF in SSID
(2) To add new frequencies related to SSID Coverage Zones

The trasnmission timing of the Instruction shall be the mandatory Frames for roaming (i.e,
Frame O through 7 for NID system and Frame 0 through 3 for SSID only system) in 2
Cycles before and 2 Cycles after the Cycle which contained the change (this is a total of 5
Cycles).

Also the instruction shall be placed in the same phase as SSID. However, it is desirable to
be transmitted once an hour after that transmissions to allow all pagers can receive the
Instruction. '

- System Event Notification (1 1111 0111 1000 0001 1111)

The System Event Notification is used to pre-alert pagers that some change will occur in the
system within the next 4 Cycles, This address is used together with Short Instruction Vector
(i211ip=001) and it must be transmitted in each Frame for a minimum duration of 1-full cycle
of the Collapse cycle specified by the infrastructure facilities.

Notified System Event is shown as follows.

(1) Traffic split by SSID TMF

(2) Traffic split by NID TMF

(3) Any changes of Channel Set Up Instruction

{4) Adding the new Frequency related to NID

(5) Adding the new Frequency related to SSID Coverage Zone

- System Message (1 1111 0111 1000 0001 0000 -1 1111 01 11 1000 0001 0100)

5 addresses having 4 LSB's is 0000 through 0100 are used for System Message
transmission. Refer to Section 3.7.2.

3.8.3 The relationship between address and phase

(1) Addresses which have been assigned to Singlé phase pagers must be assigned with one of
four available phases.(a,b,c,d)

(2) If a Single phase pager has multiple addresses, all addresses must be in the same phase.

(3) The information as to which address is assigned to which type of pager (i.e., Single
phase, Any phase or All phase pagers) must be memorized in the infrastructure facilities
for each address to form an address basis. Also, for addresses which are assigned to a
Single phase pagers, which address is assigned to phase a,b,c or d for each address to
form the address basis is memorized in the infrastructure facilities. The information for
the assigned phase and address must be memorized in the pager.

(4) Addresses which are assigned to a Single phase pagers must always be sént in their
assigned phase.

_ (5) Addresses which are assigned to Any phase pagers are assigned to one of four available
phases (a,b,c or d) for transmission and the address is transmitted in that phase.
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(6) The manner in which phases are used for All phase pagers is presently under study.

(7) The phase assignment of Temporary Addresses must meet with the requirements of item
(1),(2) and (5) above.

(8) In terms (1) through (5) above, the word "address” refers to Short and Long Addresses
for both individual and group call pages.

3.8.4 Relationship between address and Frame

Each address is assigned 10 one of Frames 0 to 127. The same address must not be assigned
to a multiple number of Frames. Information on the Frame to which each address is assigned
is memorized in the infrastructure facilities and the pager.

If a pager has more than one address, all addresses must be assigned to the same Frame
(except in the case of special pagers).The word "address" refers to Short and Long Addresses
for both individual and group call pages.

3.8.5 Rules for using address at transmission of message

(1) For messages which have not been fragmented, the same address can be used up to two
times for any Frame, and in the case of multiple transmissions, the same address can be
used up to two times in each Subframe. This rule shall apply to all phases in muitiplexed
Frames. For example, for addresses assigned to Any phase pagers, addresses for the same
or a different phases can be used up to two times per Subframe for a multiplexed Frame.

(2) When one address is used for transmitting a message that has been fragmented, the same
address cannot be used for transmitting other messages which have been fragmented until
the entire fragmented message has been transmitted.

(3) The same address can be reused only once in any Frame (Subframe in multiple
transmission) for transmitting messages which have not been fragmented while this
address is being used to transmit entire fragmented message.

(4) When a Temporary Address is assigned, the same Temporary Address cannot be used
again until its associated message has been completely transmitted.

(5) When the pager has multiple addresses, items (1) to (3) above shall apply to each of the
pager’s addresses. ' :

(6) Initems (1) and (3) above, the word "address" refers to Short and Long Addresses for
both individual and group call pages.
In item (2) above, the word "address” refers to Network Addresses, Operator Messaging
Addresses ,Short and Long Addresses for both individual and group call pages.

38.6 CAPCODE

Addresses, Frame numbers, the Collapse cycles and phases are the parameters required to
page individual pagers. Also, from the standpoint of system operation, in some instances
CAPCODE is used as the unified method for handling all of these parameters together.

CAPCODE is used to facilitate the handling of information related to pagers. It is also used as
a protocol for transferring data between networks, such as the TNPP (TELOCATOR
NETWORK PAGING PROTOCOL). Please refer to appendix A regarding CAPCODE.
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Table 3.9-1 lists the types of vectors. v;, vy, Vg in the table are the codes in the information
bits in the word format. Definitions of the respective vectors are given in the following

sections.
Table 3.9-1 : Vector types
Vo Vi Vg Vector Overview

000 | Secure Message Vector Used by the operator to control the pager.

001 Short Instruction Vector Used for executing Short Instructions, such as
specifying Temporary Address operation or.
notifving System Event Notification

010 Short Message Vector Used for Network ID extension or Short
Message. Also used for Tone-Only.

011 Standard Numeric Vector | Indicates that the message is numerical data.

100 | Special Format Numeric | Indicates that a Numeric Message may be

Vector formatted as specified in the ID-ROM,

101 Alphanumeric Vector Indicates that the message is alphanumeric
data.

110 HEX/Binary Vector Indicates that the message is HEX/Binary
data.

111 Numbered Numeric Indicates that a message number is assigned

Vector to the Numeric Message.

3.9.1 Numeric Vectors

There are three types of Numeric Vector : Standard Numeric Vector, Special Format Numeric
Vector and Numbered Numeric Vector. The word format for each vector is shown in Fig.

3.9.1-1 below.
123456780 » o o « 2 2 o & ¢ o o 21 22 o o s+ 2 ¢ 3] 32
s b Even
Information bits Parity bits parity
X0X1X2X3VOV1V2 b0b§b2b3b4b5b6n0n1n2 KOK'EK‘ZK:‘} PrPPPPPPPP P
Bx.:000111011100001100111 0110100111 1

Fig. 3.9.1-1 : Word format for Numeric Vectors
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The definition for the codes used in Fig. 3.9.1-1 and examples of usage are as follows :

X:

v

4-bit checksum (in compliance with Section 3.5.1.)

Type of vector (in compliance with Table 3.9-1.)

vavivg=011 : Standard Numeric Vector

vavivop=100 : Special Format Numeric Vector (a received message may be
formatted as specified in the ID ROM)

vavivo=111 : Numbered Numeric Vector (this is a Numeric Vector with message
number assigned — refer to "N” in Section 3.10.1.1 “Numeric
Message™)

The example shows the Standard Numeric Vector.

: Indicates the word number at which the message starts =

lebp+2eby+4eby+8eb3+16bg+32bs+640bg

The value should be within a range of 3 to 87 decimal (it is 7 in the example in Fig. 3.9.1-
1. ‘ _

. Indicates the number of words in the message =1+ 1+ng+2 *ny+ 4 «no

The value should be within a range of 1 to 8 (it is 4 in the example in Fig. 3.9.1-1).

: Indicates the 4 LSBs of the checksum of a message (refer to Section 3.10).

When a Long Address is used, a 2nd word is required for the vector, and the 1st word of
the message is placed at the 2nd word of the vector. In this instance, the number of
words in the message included in the message field related to this address is one word
less than the number of words "n" in the entire message. Also, the word number at the top
of the message, indicated by the vector is the word number of the 2nd word of the vector
if the message consists of one word, and is the word number of the beginning of the
message included in the message field if the message consists of multiple words.

3.9.2 Short Message Vector

The Short Message Vector is a vector which does not use message fields and has the word
format shown in Fig. 3.9.2-1 below. '

123456780 s & o o s o s a o s o 21 22s 3 o o s 2 » +31 32
Information bits Parity bits Even
. panty
Xp X3 X2 X3 Vo v V2 gty dp dy dp~ ~ dy dygdyy PPPPPPPPPP P 1s word
dipdiz dig~ ~ dagdyy d3p PPPPPP PP PP P | 2nd word

Note : dyz ~ d3pp ~ pp of the 2nd word are used when this vector is used in conjunction with a Long Address.

Fig. 3.9.2-1 : Word format for Short Message Vector
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The definition of each code in Fig. 3.9.2-1 is as below:

X : 4-bit checksum (as indicated in Section 3.5.1). When a 2nd code word is used, the check
character doesn't check the 2nd code word.

v : Indicates the type of vector (as listed in Table 3.9-1.)

vy vq v = 010 : Short Message Vector

tand d : Indicates the type of Short Message (as listed in Table 3.9.2-1.)

Table 3.9.2-1 ;: Types of Short Messages

[EQEH

di: dio do ds d7 ds ds de d3 2 i de
diz du dso dw das der des des dae d2s de du dw di dis div dis dis di diz diz (2nd word)

00

(1) When the address is a Network Address:

F, F, Fi Fp My My My A, A; A, A, Ay
Ay ~ Ay indicate Service Area Identifier. My~ M,  indicate Mulupher F3 ~ Fp indicate
Traffic Management Flag. (refer to Section 6.1.2)

{2) When the address is other than a Network Address:

C; C ¢ C by b, by by a3 a g
d by by hy hy g g g g & £ fi £, e e & e d d d d, (rdword)

For Short Address, a 3-digit Numeric Message (a,b,c) is indicated; for Long Address, a
double vector is used. In the same manner, dy ~ d;; indicate 3 digits (a, b, c) while d; ~
dsy indicate 5 digits (d, e, £, g, h), to compose an 8-digit message in total. Also, ds, ,
which is a spare bit, is set for 0.

(Refer to the numeric character table in Section 3.10.2.1 for definition of this code).

01

Sg 5 S5 S5 S 81 8 8 85 5, 8, §;

Sip S2s Sy Sa6 Sus Sz Sy Sz Su S20 Sio S1s Si7 516 Sis Sye Sy3 Siz Sy Sy Sy (2ndword)
For Short Address, S, Sy S indicate up to 8 Source codes and sg ~ sy are Not Used bits.

For Long Address, S; S; Sp indicate up to 8 Source codes and s, ~ 8p are Not Used bits.

10

s, S Ro Ny Ny Ny N, Ny Ny §, §, §,

S22 B2: S0 Sy Sig Si7 Sig S1s 54 81 Sy 8y S S9 85 87 8 85 84 8 0§
For Short Address, S; §; §; indicate up to 8 Source codes, N5~ N, indicate the message
number within 0 to Max. 63, Ry is the Message Retrieval Flag and s, sy are Not Used bits.
For Long Address, S, S; S¢ indicate up to 8 Source codes, N5~ Ny indicate the message
number within 0 to Max. 63, R, is the Message Retrieval Flag and s,, ~ sq are idle bits.
When the Message Retrieval Flag is set to 1, the pager must check Numbered Messages
and check each address separately. In addition, missing numbers indicate reception errors;
messages received with R=0 are excluded from the message number order and are not
checked for missing nambers,

(2nd word)

11

Reserved

Note: Not used bits are set for 0 and unused numeric characters are set for space (HEX C). The Source code

can be added by the specified operation of the caller (in regard to message numbers, refer 1o “N" and
"R" of Section: 3.10.1.1 Numeric Message).
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3.9.3 HEX/Binary Vector

Fig. 3.9.3-1 below shows the word format for HEX/Binary Vector

Information bits

123456789 » s o o » o

L L4 L3 <

s 21

Xg X1 Xg X3 Vg Vy Vo bg by by by by bs bgng ny my 03 ny ng1g

2200 L] > e a o 031

Parity bits

PPPPPPPPPP

32

Even
parity

Fig. 3.9.3-1 : Word format for HEX/Binary Vector

The codes in Fig. 3.9.3-1 are defined as below :

x : 4-bit check sum (as indicated in Section 3.5.1).

v : Indicates the type of vector (as listed in Table 3.9-1).

va vivg =110:; HEX/Binary Vector

b: Indicates the word number at which the message starts in this Frame=

lebp+2eby+4eby+8eb3+169by+329bs+64bg

{Note that this value should be within a range of 3 to 87.)

n: Indicates the number of words in a message in this Frame =

leng+2eni+4enp+8e.n3+16+n4+32+n5+ 6404

(Note that this value should be within a range of 2 to 85.)

When a Long Address is used, a 2nd word is required for the vector, and the 1st word of the
message is placed at the 2nd word of the vector. In this instance, the number of words in the
message included in the message field related to this address is one word less than the number
of words "n" in the entire message. Also, the word number at the beginning of the message,
indicated by the vector is the word number at the beginning of the message included in the

message field.
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Fig. 3.9.4-1 below shows the word format for Alphanumeric Vector
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123456789 = o » o o o

Information bits

] o @ ] - 21

Xg X1 Xg X3 Vg Vq V2 by by by by by by bg 1y 0y 0y 0y my ng g

220 8 @ o s o s &3}

Parity bits

PPPPPPPPPP

32

Even
parity

Fig. 3.9.4-1 : Word format for Alphanumeric Vector

The codes given in Fig. 3.9.4-1 are defined as below :

X . 4-bit check sum (as indicated in Section 3.5.1).

v : Indicates the type of vector (as listed in Table 3.9-1).

vovivp= 101: Alphanumeric Vector

b : Indicates the word number at which the message starts=

1 ebyg+2+bj+4+by+8-b3+16bsg+32<bs+64+bg

(Note that this value should be within a range of 3 to 87.)

n: Indicates the number of message words in this Frame =

1-n0+2-n1+4-n2+8on3+16.n4+32.n5+64,n6

(Note that this value should be within a range of 2 to 85.)

When a Long Address is used, a 2nd word is required for the vector, and the 1st word of the
message is placed at the 2nd word of the vector. In this instance, the number of words in the
message included in the message field, related to this address is one word less than the
number of words "n" in the entire message. Also, the word number at the beginning of the
message, indicated by the vector is the word number at the beginning of the message included

in the message field.
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3.9.5 Secure Message Vector

Fig. 3.9.5-1 below shows the word format for Secure Message Vector

123456789 o o o o o o

Information bits

e o @ o o 21

X( Xq Xg X3 Vg Vq Vg by by by by by bs b ng 0y my ng 0y ns 1

226 2 & o & o @ s3]

Parity bits

PPPPPPPPPP

32

Even
parity

Fig. 3.9.5-1 : Word format for Secure Message Vector

The codes given in Fig. 3.9.5-1 are defined as below :

X: 4-bit check sum (as indicated in Section 3.5.1).

v Indicates the type of vector (as listed in Table 3.9-1).

va vi vo =0 0 0: Secure Message Vector

b: Indicates the word number at which the message starts=

1+-bp+2+byj+4+bp+8b3+16+bg+32+b5+64-bg

(Note that this value should be within a range of 3 to 87.)

n: Indicates the number of message words in this Frame =

leng+2en;+4en2+8+n3+16n4+32.n5+64-n4

(Note that this value should be within a range of 2 to 85.)

When a Long Address is used, a 2nd word is required for the vector, and the 1st word of the
message is placed at the 2nd word of the vector. In this instance, the number of words in the
message included in the message field related to this address is one word less than the number
of words "n" in the entire message. Also, the word number at the beginning of the message,
indicated by the vector is the word number at the beginning of the message included in the

message field.
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3.9.6 Short Instruction Vector

Fig. 3.9.6-1 below shows the word format for Short Instruction Vector

1234_56789 s o o 8 &« o o 3 ®» o o 21 220 2 o s s a 2 23] 32
Information bits Parity bits Even
pariy
Xo Xy Xy X3 Vg Vi Vg fp Iy By dp dy dy~ ~ dg dg dyg PPPPPODPDD P | 1stword
dy dyp dyy ~ ~ (yg dyq dy; PPPPPPPPPP P | 2nd word

Note: dy1 ~d31 of the 2nd word are used when this vector is used together with a Long Address. All
unused bits are set to 0.

Fig. 3.9.6-1 : Word format for Shert Instruction Vector

The codes given in Fig. 3.9.6-1 are defined as below :

x : 4-bit check sum (as indicated in Section 3.5.1). When a 2nd code word is used, the
check character doesn't check the 2nd code word.

v : Indicates the type of vector (as listed in Table 3.9-1).
vo vi vg =00 I: Short Instruction Vector
i: Defines the type of instruction (as listed in Table 3.9.6-1).
d : Defined by the function of the vector (as listed in Table 3.9.6-1).

Table 3.9.6-1 : Definitions of commands and functions

Type b dy dy d& dy dg d& dy d d; d dy
Temporary 0 0 0 a; 8, & & £, £ £ £ £ £ f
Address address (4 bits) Frame (7 bits)
System Event o 0 1 g © € & € € € € e & ¢
Event Flags (11 biss)

eo -~ Traffic split by S$SID TMF (Refer t0 6.1.1)

1 -- Traffic split by NID TMF (Refer tc 6.1.2)

ez -- Change of Channel Set Up Instruction by
BIW101(... ... 0110) (Refert03.7.2)

e3 -- Adding new Freq. related to NID

e4 -- Adding new Freq. related to SSID Coverage Zone

ero~es -- All reserved and default to 0.

Reserved 0 1 0
Reserved 0 1 1
Reserved 1 0 0
Reserved 1 g 1
Reserved 1 1 0
Reserved fortest § 1 1 i

Note 1 : Refer to Section 3.8 “Address"” and Chapter 5 “Group message” for information on the
operation of Temporary Addresses
Note 2: Refer to Section 3.8.2.4 for Systern Event.
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3.10 Message signal

The following types of messages are defined as message signals.

Table 3.10-1 : Message types

VaV1V(Q Message Qverview

000 | Secure Message Used by the operator to control the pager,

011 | Standard Numeric { Normal Numeric Message which indicates
Message one_character in 4 bits.

100 | Special Format | Numeric Message which indicates one
Numeric Message character in 4 bits. A received message may

be formatted as specified in the ID-ROM.

101 Alphanumeric Alphanumeric Message which indicates one
Message character in 7 bits.

110 | HEX/Binary Message | Hexadecimal or Binary Message.

111} Numbered Numeric | Numeric Message with a message number
Message assigned.

3.10.1 Message field

3.10.1.1 Numeric Message

3.10.1.1.1 Standard and Special Formats

Information bits
st word
Ky Ko a0 a7 3

2nd word
e3 fp f; £ f

3rd word
kb K k kb L

4th waord ‘
Q G Q@ fp I

Sth word
Vg V3 Wy Wy
6th word

By G ¢ & G
T word
Hy Hy Hy
8th word

M M; My Gy O

a3 by b by by oy o
¢ 8 82 B hy h b
iy

m; my

T; T3 & 8 83 8 b

Wi Yo Y1 Y2 Y3 T %

D Ey E B

0, O3 P Py P, P3 Q

20422........ 31 32
Parity bits
¢ &3 & 4 dy d3 e e ¢ | PPOPPEOERP P
by dp iy h i3 Jo 31 k s | PPPPOPOPPP p
By By Wy f3 Gy Oy O O3 G § POPPPPPPPP p
Y L 4 Yy u w uy Vg Vi | PPPPEPRPPD P
Z %3 Ag Ay Ay Ay By By By | ppopropppp P
E; Fy By Fy Fy Gp Gy Gy Gs§ ppppopeppp P
Vo Vi Va2 V3 Ly L) Iy Ly M #PPPPPPPPP P
QG Q@ Q T, Ty T, T3 Uy Ui} oppopepeep P

Fig. 3.10.1.1.1-1 : Standard Format (V = 011) and Special Format (V = 100)
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Transmission of data starts from the LSB.

K:

Message Checksum (6-bit with the first 4 bits included in the vector word).

This checksum is calculated by initializing the Message Checksum (K) to "0" and adding
the information bits for each word contained in the message (including control
information, and the end character and bits in the last message word) to the checksum
register.

The information bits in each word are classified into 3 groups. The 1st group and 2nd
group consist of 8 bits respectively (comprising bits 1 through 8 and bits 9 through 16).
The 3rd group consists of 5 bits (comprising bits 17 through 21). Bits 1, 9 and 17 are the
LSB for individual groups. After the binary sum, the lower 8 bits are obtained and the 2
MSB are shifted 6 bits to the right and added to the 6 LSB to form a new sum. A 1's
complement of the sum acquired by the above calculation is obtained and the 6 LSB's is
transmitted as the checksum of the message.

<Example Message Checksum calculations for Standard Numeric Messages or Special
Format Numeric Messages>

by bg a3 ap a a 0 O Calculated as Kg=Ky4=0

1st word ey e eg dy dy

2nd word Ja d2 j1 Jo 13

............................

3rd word qp o3 07 0] ©Op

____________________________

Tg O3 Q@ @ Q P3 B, B
8th word + U Uy T5 T, T,
Binary addition
------ X7 X6 X5 X4 3:: X3 X1 Xp Obtain the lower 8 bits and shift the 2 MSB
-.-. X5 Rg X3 X3 Xp Xg 6 bits to the right
+ X7 Xg Binary addition

X5 xg° X3' X' % xp’

1's complement for

e the lower 6 bits
X5 X4 X3 X X1 XA

Ks,Ka  Ka~Kg
Message field Vector field
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<Example calculation when message is 32808590 for a Standard Numeric Message>

Message : 328 0859¢

Ist word of message :  KK11000100000100000000ppppoopon

2nd word of message :  1101G1001000000110011ppppooroop
1st word of message 10001109
C0100008
gooao
2nd word of message 00101011
10000001

+ 11001 Binary addition
101110001
01110001 Lower 8 bits

110001

+ 01 Binary addition
110010
110010 Lower 6 bits

00 1101 Complement of 1

Message field  Vector field

ist word of message : 001100010000410020000p000D0PRED

Contents of the message

The contents of a message start from bit 3 of the 1st word of the message. If the message
includes 1 to 4 characters, it consists of only one word; if it includes 5 to 10 characters, it
consists of 2 words. When the message includes 32 to 36 characters, it consists of 7 words
and if it includes 37 to 41 characters, it consists of 8 words. Only words which include
numeric messages are transmitted. In this instance, the checksum is calculated by using only
words that comprise the message, including the “space” characters in the last word and partial
characters contained in the remainder.

Space characters (HEX C) are inserted to fill unused 4 bit character positions in the last word
and Os are inserted to fill remaining partial characters.

Refer to Section 3.10.2.1 for Numeric Messages.

<Example of last word in a Numeric Message>

Content of message Information bits
1 2 3 C C Remaining bit
ee0123 1000 0100 1100 0011 0011 0
Last word Last word

Special Format Numeric Messages
The received messages may be displayed using the format specified by the ID-ROM in the

pager. For example, spaces or dashes are inserted. In some instances, this function can be used
to realize a reduction in the transmission of additional words on the radio channel.
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3.16.1.1.2 Numbered Format

b1 2 3 4 5 6 7 . R . . . . . . . . . . . 20 §22......., 31 32
Information bits Parity bits  § Even parity
st word
K; Ks Ny Ny Ny Ny Ny N: Ry 89 ap a; a3 a3 by by by by ¢y ¢ ¢ | ppppoppoep p
2nd word
c3 dp dy d d3 ep ey ex ey fo f; fy f3 g g & 8 B hy by hy | ppoppPPPPPR P
3rd word
g 4 dg B3 Jo B b2 1 ke ki ke k3l 4 L kb mg my my m; mg | pppRPPPPRD P
4th word
Ny My M3 0 Op O O3 Go O @ G Fo Ty ry f3 S 8 8 S3 L U | PPPPPPPPPP P
Sth word
B U W Uy Uy Vg ¥y ¥z V3 Wy Wy Wp Wi ¥ ¥ Y2 ¥s Ty Zy Zp | PPPPPPPPPR |4
6th word
Z3 Ag AL Ay Ay By B By By G G G G Dby Dy Dy Dy By E, E; Ej| rpoppppppp P
Tth word
Fop i b F3 Gy G Gy G; Ho My Hy Hy Iy I I, &L N &I Ty J3 Vol pooopoepep p
8th word
Vi Vy V3 Lg By Ly Ly Mg My M, My Qp Oy O O3 Py Py Py Py Qo Qi ppppeperep P

Fig. 3.10.1.1.2-1 : Numbered Format (V = 111)

Transmission of data starts from the LSB,
K: Message Checksum (6-bit with the first 4 bits included in the vector word).

This checksum is calculated by initializing the Message Checksum (K) to "0" and adding
the information bits for each word contained in the message ({including control
information and the end character and bit in the last message word) to the checksum
register.

The information bits in each word are classified into 3 groups. The 1st group and 2nd
group consist of 8 bits respectively (comprising bits 1 through 8 and bits 9 through 16).
The 3rd group consists of 5 bits (comprising bits 17 through 21). Bits 1, 9 and 17 are the
LSB for individual groups. After the binary sum, the lower 8 bits are obtained and the 2
MSB are shifted 6 bits to the right and added to the 6 LSB to form a new sum. A 1's
compliment of the sum acquired by the above calculation is obtained and the 6 LSB's is
transmitted as the checksum of the message.
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<Example Message Checksum calculations for Numbered Numeric Messages>

Ng Ny Ng Ng Ny Ng O O Calculated as Ky =Ks=0
by bg a3 ap a; ag S¢ Rg
1st word cp € ¢ by by

2nd word hy hp hy hg g

............................

3rd word g N3 Iz my Mmg

____________________________

Mp Ly Ly Ly Lg V3 V, Vg
Po Oz O2 O1 Qo Mz M2 M:
8th word + Q1 Qo Ps P2 Pr Binary addition

----- X7 Xg X5 X4 X3 X2 X1 X Obtain the lower 8 bits and shift the 2 MSB 6 bits 10
0 ‘ the right

Xs X4 X3 X2 X1 Xp
X7 Xg Binary addition

xs‘ x4‘ XB‘ x2‘ xlb XO‘
1's complement for the lower 6 bits
xs' X4 X3t X' N xg'

KS, K4 K3 ~ K()
Message field Vector field

N: Message number

If the infrastructure facilities supports the Message Numbering service (i.e., the Short
Message Vector V(010) and t (10), Numbered Numeric Message, HEX/Binary Message
and Alphanumeric Message for each address), a series of message numbers ranging from
0 to a maximum of 63 can be assigned. After the last message number 63 is assigned, the
message assignment cycle starts over, assigning numbers in sequential order starting with
0. The maximum number of message numbers is assigned by the infrastructure facility
and a pager must accord with that value. If any received message numbers are skipped,
the pager can provide a warning to the user. In order for the user to recognize messages
which are numbered from 1 to a maximum value of N+1, message search numbers are
displayed as N+1. When the pager receives a message with R=0, it does not assume a
skipping the number.

R: Message Retrieval Flag
The Message Retrieval Flag is normally set for 1, in which case, the pager must check
numbered messages separately for each address. If any numbers are skipped, a reception
error is indicated. Note, however, messages which are received out of sequence wherein
R=0 need not be checked for skipped numbers.

It is set for O on retransmission of the message. Numbered Numeric Vectors are used to
indicate that the infrastructure facility supports the Message Numbering Service.

56



RCR STD-43A

S: Special Format

When the S bit is set for 1 in the Numbered Message format, it indicates that the Special
Format is used.

Contents of the message

The contents of the message start from bit 11 of the Ist word of the message. 1f the message
includes 1 to 2 characters, it consists of only one word; if it includes 3 to 8 characters, it
consists of 2 words. When the message includes 30 to 34 characters, it consists of 7 words,
and if it includes 35 to 39 characters, it consists of 8 words. Only the words which include
numeric messages are transmitted. In this instance, the checksum is calculated by using only
words that comprise the message, including “space” characters in the last word and partial
characters contained in the remainder.

Space characters (HEX C) are inserted to fill unused 4-bit character positions in the last word
and Os are inserted to fill remaining partial character.

Refer to Section 3.10.2.1 for Numeric Messages.
Special Format Numeric Message
The received messages may be displayed using the format specified by the ID-ROM in the

pager. For example, spaces or dashes are inserted. In some instances, this function can be
used to realize a reduction in the transmission of additional words on the radio channel.
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3.10.1.2 HEX/Binary Message

1 2 3 4 5 6 7 20 122........ 31 32
Information bits Parity bits | Even parity

1st word : '

Ko K} Ky K3 K; Ks K¢ Ky Ky Ky Kyp Ky G Fp F| Ny Ny Ny Ny Ny Ng | ppoppppppp P
'} 2nd word '

Ry Mg Dy Hs By By By By sp 8 s s o S 3 8 8 84 S5 S Sy |ppppeepeop P

3rd word )

ag a; a4 a3 bg by by b3 cp © ¢ c3 dg i dy d3 eg €1 e e3 fy | poororeEED p

4th word

i B fy 8 & £ 8 h By by by 4y & b i jo i 2 B ke ki |pppropepPR P
_} Sth word

b ok b hoh ol omeomy omy omyony omom oy o0 0 0 0z G & G | PPPPPPPPDP p

6th word

G Fo T Tz f3 Sp 8 8 83 L 4 b 3w w Uy W Vg Yy vy V3 [ DPPPPPPPDR P

nth word . :

T S R S R S T T T S R U S S S SR ST SRS SNNS NS S [ +'s!1ho ) vis i) P

Fig. 3.10.1.2-1 : Vector type V = 119 (First fragment only)
1 2 35 4 5 6 17 20822, ... ... 31 32
Information bits Parity bits  § Even parity

15t word

K, K K, K K, K K K, Ky Ky K Ky C F F N, N N Ny N, N, | pppppppppp P

2nd word

gy a; 4z a3 by by by by c¢p ¢ ¢ ¢35 & & dy dy ey e ey ey fy |pPrppPPRRP p

3rd word

fi £, f3 g &1 B 8 M R B by i i & b Jo Ji Jz Bz ke ki |pppppppppp P

4th word

ke k5 b h L L omgomy omyomyong omom oMy 0 0 0 03 Go 4 G2 | PPPPRPPPPP P

Sth word

G T r rfz I3 S § % 5 L 4 L 3 W w u U Vg Vi Vo Vi | PPPPPPPPRP P

nth word

i b i i i i i i i [ T T i i i i i i |pppppPOPRDD P

Fig. 3.10.1.2-2 : Vector type V = 110 (All fragments other than the first fragment)

Transmission of data starts from the LSB.
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K: Fragment Checksum (12 bits)

This checksum is calculated by initializing the Fragment Checksum (X) to "0" and adding
the information bits in each word contained in the message fragment (including control
information, and the end character and bit in the last message word) to the checksum
register.

The information bits in each word are classified into 3 groups. The 1st group and Znd
group consist of 8 bits respectively (comprising bits 1 through 8 and bits 9 through 16).
The 3rd group consists of 5 bits (comprising bits 17 through 21). Bits 1, 9 and 17 are the
LSB for individual groups. A 1's complement of the binary sum is obtained and the 12
LSB's is transmitted as the checksum of the message.

<Example Fragment Checksum calculations for HEX/Binary Message>

0 0 0 0 0 0 O0C O Calculate as Kg~ Ky =0
No Fi Fg Co0 0 0 O
1st word Ns Ny NyNy Ny
B; Bz By Bg HoDg MyRg
S2 87 S¢ 54 83 S2 87 Sp Calculate Sv ~ Sg for
2nd word S7 S¢ S5 84 33 Signature Field separately

bs by by bp as ap a3 ap
d3 dp dy dg ez ¢ €1 ©

3rd word fo e3 e & e
Last word + > Binary addition
ses X711 X10 Ko Xg X7 X6 X5 X4 X3 Xz X1 X I's complement for lower 12
‘ digits
N
" x1 X0 ¥o Xg X7 X¢ X5 X4 X3 X2 Xp Xg
L v A
K~ Ko
Message field

C: Message Continued Flag (1 bit)
When the Message Continued Flag is set for 1, it indicates that fragments of the current
message exist in some or all of the subsequent Frames until a fragment with C=0 is
detected.

F: Message Fragment Number (2 bits)

A message can be divided into several fragments for transmission (refer to Chapter 4 for
methods used for fragmenting long messages).

This is a modulo 3 message fragment number which increments by 1 for each of the

consecutive fragments. The first fragment starts with "11" and is incremented by 1 by
modulo 3 for each of the subsequent fragments (1 1,00,01,10,00,01,10,00....).
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The state for “1 17 after the first fragment is skipped in order to prevent it from being
mistaken as the first fragment of a non-consecutive message. The last fragment is
indicated by resetting the Message Continued Flag to 0.

N: Message Number

If the infrastructure facilities supports the Message Numbering service (for Short
Message Vector V(010) and t(10), Numbered Numeric Message, HEX/Binary Message
and Alphanumeric Message for each address), a series of message numbers ranging from
0 to a maximum of 63 can be assigned. After 63 is assigned as the last message number,
the message assignment cycle starts over again, assigning numbers in sequential order
beginning with 0. The maximum number of message numbers is assigned by the
infrastructure facility and a pager must accord with that value. If any received message
numbers are skipped, the pager can provide a warning to the user. In order for the user
to recognize messages which are numbered from 1 to a maximum value of N+1, message
search numbers are displayed as N-+1. If the system does not have the capability to
support the message numbers for each address, those message numbers which are newly
assigned to a message must be unique numbers so as to identify the fragments for the
same message. (i.e., message numbers which differ from those assigned to other
messages that are being processed at the same address).

R: Message Retrieval Flag

When the R bit is set for 1, the pager must check numbered messages ( it must check
each address separately). Missing numbers indicate that message reception errors have
occurred. Messages received with R=0 are excluded from the message number order and
are not checked for skipping the numbers.

M: Mail Drop Flag (1 bit)

When the M bit is set for 1, it indicates that the received message can be handled
separately from ordinary messages.

D: Display Direction Field (1 bit)
When this bit is set for Dg=0, it indicates the display direction is from left to right; when
set for Dg=1, it indicates the display direction is from right to left. This function is
allowed only for data transmitted as characters with blocking length other than 0001.

H: Header Message Flag (1 bit)

When this bit is set for Hp=1, it indicates that the pertinent message is a header and a
transparent message (refer to Table 1.3.1-1) with the same message number will follow;
when it is set for Hgy=0, it indicates that the pertinent message is not a header.

B: Blocking Length
Indicates the number of bits or data unit per character. When B3B2B1Bg=0001, for
example, it indicates that 1 bit per character is set; if it equals 1111, it indicates 15 bits
per character are set; when 0000, it indicates 16 bits per character are set. (Default value
= 0001)

I.  Status Information Field Enabler

When I0=0, it indicates that the data is standard HEX/Binary Message.
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When Io=1, the first 8 bits (3rd word of the first fragment) of the data field indicate the
encoding method for the rest of the message. At present, the encoding method definition is
reserved.

s 4 reserved bits for future use (Default value = 0000)
S:  Signature Field (8 bits)

Signature is defined as the 1's complement of binary sum for the entire message
(including all fragments) for every 8 bits "[b3 by by by a3 ap ay ag+ d3 d» dy dgez c2 ¢
CQeveren " beginning with the first 8 bits which follow directly after the Signature Field.
The 8 LSB of the result is transmitted as the Message Signature.

Note : The termination bits are not assumed as part of the message and the sum calculation
for S does not included any termination bits

<Example calculation of HEX/Binary Messages Signature field>

by by by bp a3 2 a; ap

dy dy dy dp 3 & ¢ ©

fs £, f; fp e3 e e g

by bo B ho 85 & &1 % "

s jo koo 1a 12 i1 i Binary addition for

I; b Iy lp ks ko ki kg message in all fragments
"Dy Ny By g M3 Dy My Mg

43 g2 91 Qo 03 0z O Op

§3 8 8 S I3 I I Ip

Termination bits are not included for

caiculation
+ 3 %2 "1 %o
e X7 Xg X5 X4 X3 X2 X1 Xp
ese X7 X6 X5 X4 X3 X2 X1 X0 T's complement
5 v "
S7~ S

Fields running from R to S are transmitted only in the first fragment of the message; those
fields running from K to N form the first word of all the fragments in a Jong message.

Contents of message

The first fragment in the message starts from the 3rd word and the remainder of the message
in the 2nd and subsequent fragments start from the 2nd word. ‘

Refer to Section 3.10.2.3 for Japanese Text Service.
Termination of the message

(1) Each fragment in a message must end at the boundaries between characters, and
characters which continue into the next fragment must start from bit 1 in the 2nd word.

(2) Excluding the last fragment, when a valid bit in the last character in a fragment ends in

the middle of the last word, the remaining bits are filled by all 0's or 1's (whichever is the
reverse value of the last valid data bit). In this instance, when the last word ends at the
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valid data bit of the last character that does not have a remainder, it is not necessary to
addextraOsor1's,

<Example of termination a HEX/Binary Message (for fragments other than the last fragment >

Information bits
» When the last word remains: 11010011101100 1111111
‘ ' Message Remaining bits

» When terminating exactly on the last word:

Information bits
110100101101010100110
Message (word for terminating is not added)

(3) Excepting cases when the message ends in the last bit of the last word (not having a
remainder) and the last character is set for all 1's or 0's, (2) above applies to the last
fragment. '

When the last character is set for all 1's or 0's, an extra word is added which should be set
to all 1's or O's which are the reverse value of the last valid data bits .

<Examples of termination HEX/Binary Message (at the last fragment)>
Example of when the last character is not set to all 0's or 1's (ex., 3 bit/character) :
Information bit
110100101101010100110  Last character is 110 and additional words are not added.
message
Examples of when the last character is set to all 0's or 1's (ex., 1 bit/character) :
Information bits
110100101101010100110
message
Information bits As the last character is 0's, a word consisting of all the bits

11111 1111111111111 that are the reverse value the last bit is added.
message

Message Header
The Message Header is a message that can be displayed in relation to transparent data
message and both messages are completed independently. The pager uses Header Messages

to associate with corresponding data files which have the same message number transmitted
sequentially. (Note that data files follow the header.)
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3.10.1.3 Alphanumeric Message

1 2 3 4 5 & T . .. ... .2 31 32
Information bits _ Parity bits | Even parity
1s¢ word
Ko XK; K; Ky Ky Ky Kg Ky Kg K9 G Fg 'Fp Np Nj N; Ny Ny Ns Rg M, ppppppppop p
2nd word
S¢ S S8 8; 8; S5 S; a2, a; a; a3 ay ag ag bp by by by by bs bg | ppPPOPOPDP P
3rd word
Cg € €2 € ¢ G5 €5 dg & dy dy dy ds dg eg e ey e; €4 es e | PPPPPPPORP P
4th word
fo 0 B2 T3 £y fs £ g0 B B2 8 B4 B % hg B Ry By hy hs hg | pppppOPORP P
Sth word
o h b o i ks g do o B2 B3 M b Je ko ki Kk k3 kg ke ke | pOOPPDPPPP P
nth word
O S e L S e e T O S T T TR S I oo/ o) vy P

Fig, 3.10.1.3-1 : Vector type V = 101 (First fragment only)

1 2 3 4 5 & 7 . . . . . . . . . . . . . 22 31 32
Information bits Parity bits { Even parity

1st word

Ko Ky Ky K; Ky Ks Kg Ky Ky Ky Gy Fp Fy Ng Ny Ny Ny Ny Ng Uy V. |pppppppppp P
2nd word

ap & @ 43 44 45 a5 by by by by by by by ¢y ¢y ©3 €3 €4 €5 g | PODPPPPPPP p
3rd word

dy & dy dy dy ds ds eq e ¢ e3 eq e g fp fy fp f3 f4 fy f5 | PPPPPPPPDP P
4th word ]

Bo £ B2 5 B4 B £ ho My By hy Ry Mg by G 4y iy B3 i U5 i | PPPOPPEPDP P
Sth word

fo B b2 3 a4 b5 s ke ki kg k3 ky ks kg lg L, L 13 14 s 15 |ppppppERPD p
nth word

i i+ ¢+ 1 it i i v i i i i i &t i i i i it i.1{ppprpppPREP p

Fig. 3.16.1.3-2 : Vector type V = 101 (All fragments excluding first fragment)

LSB of the data is transmitted first.
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K: Fragment Checksum (10 bits)

This checksum is calculated by initializing the Fragment Checksum (K) to "0" and adding
the information bits in each word contained in the message fragment (including control
information, and the termination character and bits in the last message word) to the

checksum register.

The information bits in each word are classified into 3 groups. The 1st group and 2nd
group consist of 8 bits respectively (comprising bits 1 through 8 and bits 9 through 16).
The 3rd group consists of 5 bits (comprising bits 17 through 21). Bits 1, 9 and 17 are the
LSB of individual groups. A 1's complement of the binary sum is obtained and the 10
LSB's is transmitted as the checksum of the message.

<Example Fragment Checksum calculations for Alphanumeric Messages>

60 0 0 0 0 ¢ 0 0 Calculate as Ky~ Ky =0

Ny Ny Ng Fy B Co 0 O
ist word Mg Ry Ny Ny Ny

ag S¢ 8 84 Sg 82 S1 So

by by ag a5 ay az a, a, Calculate S; ~ S¢for Signature Field separately
2nd word by bs by by Iy '

3rd word eg €3 £4 €3 €

Last word + . Binary addition

o Xg Xg XKy X X3 Xy X3 Xy Xy A9
b 1's complement of lower 10 bits

oo Xg Xg X7 Kg Xg X4 Xy X9 X Xg

\. v
Y

Ky ~ Ky

Message field

C: Message Continued Flag (1 bit)

When the Message Continued Flag is set for 1, it indicates that fragments of the current
message exist in subsequent Frames.

F: Message Fragment Number (2 bits)

A message can be divided into several fragments for transmission (refer to Chapter 4 for
methods used for fragmenting long messages).

This is a modulo 3 message fragment number which increments by 1 for each of the
consecutive fragments. The first fragment starts with "11" and is incremented by 1 by
modulo 3 for each of the subsequent fragments (1 1,00,01,10,00,01,10,00....)

The state for *1 17 after the first fragment is skipped in order to prevent it from being
mistaken as the first fragment of a non-consecutive message. The last fragment is
indicated by resetting the Message Continued Flag to 0, ‘
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N: Message Number

If the infrastructure facilities supports the Message Numbering service (for Short
Message Vector V(010) and t(10), Numbered Numeric Message, HEX/Binary Message
and Alphanumeric Message for each address), a series of message numbers ranging from
0 to a maximum of 63 can be assigned. After 63 is assigned as the last message number,
the message assignment cycle starts over again, assigning numbers in sequential order
beginning with 0. The maximum number of message numbers is assigned by the
infrastructure facility and a pager must accord with that value, If any received message
numbers are skipped, the pager can provide a warning to the user. In order for the user
to recognize messages which are numbered from 1 to a maximum value of N+1, message
search numbers are displayed as N+1. If the system does not have the capability to
support the message numbers for each address, those message numbers which are newly
assigned to a message must be unique numbers so as to identify fragments for the same
message. (i.e., message numbers which differ from those assigned to other messages
that are being processed at the same address). ‘

R: Message Retrieval Flag

When the R bit is set for 1, the pager must check numbered messages.(It must check each
address separately). Missing numbers indicate that message reception errors have
occurred. Messages received with R=0 are excluded from the message number order and
are not checked for skipping the numbers.

M: Mail Drop Flag (1 bit)

When the M bit is set for 1, it indicates that the received message can be handled
separately from ordinary messages.

S: Signature Field (7 bits)

Signature is defined as the 1's complement of binary sum for the entire message
(including all fragments) for every 7 bits [ag as a4 a3 ap aj ag + be bs bsg b3 by by
bg ....] starting from the first 7 bits that directly follow the Signature Field. The 7 LSB's
of the result is transmitted as the Message Signature.

<Example calculations of an Alphanumeric Message Signature field>

Gg 85 44 a3 a4z 8y A

bg bs bs by by by by

€6 C5 €4 €3 €2 €1 Cp

dg ds dg dy dy dy do

€4 €3 € €1 €0

fe fs f4 3 £ §) fy Binary addition for all fragment messages

6 B5 B4 B3 22 81 B0 .

he hs hg hy he hy hy Function character ETX and NUL in

ig is 1g i3 1p iy ip Enhanced Fragmentation are not
included for calculation

2 1's complement
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U, V: Fragment Control bit

These bits exist in every fragments except for the first fragment. When symbolic characters
(like Chinese characters which use 1,2 or 3 ASCII 7-bit characters for each character) are
transmitted using an Alphanumeric Message format, the control bits can determine the
location of the character in each fragment based on the Enhanced Fragmentation Rules.
Default value=0,0

Contents of message

The content of message starts from the 2nd word in the message. Each 7-bit field is composed
of JIS X 0201 characters. Except in the case of Enhanced Fragmentation, unused 7-bit _
characters in the message word are filled with function characters ETX($03).
Refer to Section 3.10.2.2 for alphanumeric characters.

<Example of termination of an Alphanumeric Message>

Contents of message Information bit
A B ETX
.. AB 1000001 Q100001 1100000
Last word Message Remainder (characters)

Function character ETX (303) is used.

When there is no remainder in the last word, the message ends as is.

Enhanced Fragmentation rules

When Alphanumeric Messages are used for symbolic characters like Chinese characters in 7
bit ASCI, a specific fragment rule must be applied to maintain the boundary of the character.
The following rules are used for determination the character position in the next fragment
when previous fragments are missed during reception.

(1) A pager must recognize one or more function characters NUL($00) which are used as the
reminder character only at the end of a fragment. The pager must remove function
characters NUL($00) so as not to affect the displayed message. All function characters
NUL($00) in any other locations should be considered as reception errors. {This provides
a method for terminating complete characters and preventing the pagers which can not
totally comply with the Enhanced Fragmentation Rules from operating abnormally.)

(2) The last fragment is to be completed by filling the unused character positions with

- function characters ETX($03) or function characters NUL(300). In addition to function
characters ETX($03) which are defined in Alphanumeric Messages, function characters
NUL($00) need to be newly defined. If the message ends on the last character position in
the last word, insertion of function characters ETX(303) or NUL($00) is not required.

(3) Fragment Control bits (Uo,Vo) in the control information field are valid for supporting
decoding in all fragments which follow the first fragment. For the first fragment, the
message starts with the default character mode.

The Fragment Control bits are defined as follows for the second and subsequent
fragments.
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Uo Vo
0 O Enhanced Fragment Rules are not supported by the infrastructure facility.
0 1 Reserved (for a second alternative character mode)
1 0 Default character mode.
1 1 Alternative character mode.

When Fragment Control bits (Uo,Vo) are (0,0),a pager decodes messages and allows
characters to be split between fragments. When Fragment Control bits (Uo,Vo) are not
(0,0),each fragment starts from the character boundary defined above.

<Examples of the Enhanced Fragmentation Rules>
Conditions for this examples;

* 2 ASCH codes for 1 symbolic character

* The default character mode is symbolic characters

* Each symbolic character represents XX and ##

* The alternative character mode represents a and b.

* Function character SI (Shift In) shifts the pager to the alternative character mode.
* Function character SO (Shift Qut) returns to the default mode.

-In cases when the alternative character mode UV=1,1

2nd Word Sig Sl a
3rd Word b ab
4th Word aba
S5th Word b ab

First fragment Sig: Signature Field

Second fragment  2nd Word aba
Uv=1,1 3rd Word bab
4th Word aba

5th Word bab

-In cases when Enhanced Fragmentation Rules are not supported (U,V=0,0).

First fragment 2nd Word Sig X X
3rd Word # # X
4th Word X # #
5th Word X X #

Second fragment 2nd Word # X X

uv=0,0 3rd Word # # X
4th Word X # #
5th Word X X ETX

- In cases when Default character mode and Alternative character mode are mixed.

First fragment 2nd Word SigX X
3rd Word # # SI
4th Word a b a
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5th Word b ab
Second fragment 2nd Word a b a
Uv=1,1 3Ard Word b a SO
4th Word XX #
5th Word # X X
Third fragment 2nd Word # # X
Uv=1,0 3rd Word X # #
4th Word X X #
5th Word # X X
- In case when Default character mode.
First fragment 2nd Word Sig X X
3rd Word # # X
4th Word X # #
5th Word X X NUL
Second fragment 2nd Word # # X
Uv=1,0 3rd Word X # #
4th Word X X#
5th Word # X X
Third fragment 2nd Word # # X
UV=1,0 3rd Word X # #
4th Word X X #
5th Word # X X
3.10.1.4 Secure Message
1 2 3 4 5 6 7 21 {22 31 32
Information bits Parity bits | Even parity
1st word
Ko Ky Ky K3 Ky K5 Ky Ky Ky Ky G Fg Fi Ny Ny N Ny N; N5 t t |pppoppeepp p
2nd word
% 4 ap a3 a4 a5 ag by by by by by by by ¢ ¢ ¢ €5 ¢4 €5 ¢ | PPPPPPPPPP p
3rd word
d dy 4y dy dy ds & ey e & o3 oy e e fy f; £ f3 fy f5 fs |ppppoppPRP p
4th word
B &1 % & 84 8 8 ho W hp by hy hs By iy 4 i 43 iy i iy | ppppppeeep p
Sth word
o b B ds b5 e ke ki k ky ko k5 ke ly L, L 4 14 Ikl |speopoeepp p
ath word
i i i i. i i i i i i i i i i i i i i i i PPPPPPPPPP P

Fig. 3.10.1.4-1 : Vector type V = 060 (all fragments)
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Transmission of data starts from LSB.
K: Fragment Checksum (10 bits)

This checksum is calculated by initializing the Fragment Checksum (K) to "0" and adding
the information bits in each word contained in the message fragment (including control
information, and the termination character and the bits in the last.message word) to the
checksum register. :

The information bits in each word are classified into 3 groups. The 1st group and 2nd
group consist of 8 bits respectively (comprising bits 1 through 8 and bits 9 through 16).
The 3rd group consists of 5 bits (comprising bits 17 through 21). Bits 1, 9 and 17 are the
1.SB of individual groups. A 1's complement of the binary sum is obtained and the 10 LSB's
is transmitted as the checksum of the message.

<Example Fragment Checksum calculations for Secure Messages >
000 0 0 0 0 0 Calculated as Ko~ Ko=0
st word t7 o Ns Ni N3

............................

2nd word Cg C5 €4 €3 C3

31d word fo f5s £4 3
Lastword + 2 Binary addition

v Xg Xg X7 X5 X5 Xg X3 X2 X1 Xp

4 1's complement for lower 10 bits
wo X0 Xg K7 Xg X5 X4 X3 X2 X1 Xg
i . v
Ko ~ Kg
Message field

C: Message Continued Flag (1 bit)

When the Message Continued Flag is set for 1, it indicates that fragments of the current
message exist in subsequent Frames.

F: Message Fragment Number (2 bits)

A message can be divided into several fragments for transmission (refer to Chapter 4 for
methods used for fragmenting long messages).

This is a modulo 3 message fragment number which increments by 1 for each of the
consecutive fragments, The first fragment starts with "11" and is incremented by 1 by
modulo 3 for each of the subsequent fragments (11,00,01,10,00,01,10,00....)

The state for “1 17 after the first fragment is skipped in order to prevent it from being

mistaken as the first fragment of a non-consecutive message. The last fragment is indicated
by resetting the Message Continued Flag to . :
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N: Message Number

The Message Numbering service is not performed for Secure Messages.
The Message Number N is used for identification of fragments for the same message,

Multiple messages for same address must have different message numbers. The range of
the message numbers is O through 63.

t: Secure Message Type Field(2 bits)

t110=00 represents 7 bit Alphanumeric Message data.
t1t0=10 represents binary message data.

t1t0=01 represents data defined separately.

tito=11  reserved.

Contents of message

The content of the message starts from the 2nd word in the message.
Wherein t1t0=00, a message is transmitted alphanumeric message characters.

Each 7-bit field is composed of JIS X 0201 characters. (Refer to Section 3.10.2.2
regarding alphanumeric character codes.)

Wherein t1t0=10, the contained data is assumed to be binary data.

Since Secure Messages start with a specific control code, the first 7 bits start with
numeric or alphanumeric characters.

Message termination

For Alphanumeric Messages wherein t1t0=00, unused 7-bit characters are filled with function
character ETX ($03). For Binary Messages wherein t1t0=10, when a valid bit in the last
character in a fragment will end in the middle of the last word , the remaining bits will be
filled with either all 0's or 1's, whichever is the reverse value of the last valid data bit. In such
instances, if the last word ends on a valid data bit of a last character which does not have a
remainder, a termination word which is filled with the reverse value of the last bit must be
added.

The termination method is not defined for specific data wherein t1¢0=01.
<Example of termination of Secure Messages>

When t1t0=00,
Contents of message Information bits

A B ETX
.. AB 1060001 0100001 1100000
Lastword Message Remainder (characters)

Function character ETX ($03) is used.

When there is no remainder in the last word, the message ends as is.

When t1t0=10,

Information bits
» When the last word remains: ~ 11010011101100 1111111

Message Remaining bits
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_» When termination exactly on the last word: Information bits
110100101101010100110

Information bits
it1ri111ei11111111111

As the last bit is 0, a word consisting of
all the bits that are the reverse value of
the last bit is added.

Registration Acknowledgment Message (Option)

The Registration Acknowledgment Messages are transmitted using a Secure Message. (Refer
to Section 6.7)

123456789 ° * * s a ° @ s M a ® 21 226 s ¢ o o & o |31 32
s Even
I Parity bits ’
1st word Information bits parity
KoKy K2K3K4K5K6I{7K8K9C0FDF1NONIN2N3N4NSEQ ty PPPPPPPPPP p
2nd word }
1011 1 10111 3Tylsfg Ty IgTg HpTyylplyy PPPPPPPPPP P

Fig. 3.10.1.4-2 : Registration Acknowledgment Message (Option) V=000, t1t0=00

K,C,F.N and t are identical in the figure with those used in Fig. 3.10.1.4-1.

The Secure Message type field t1t0 in the 1st word represents 7 bit Alphanumeric Message
data wherein t1t0=00.

Bit 1 through 7 in the 2nd word contain the Operation code ("=" $3D) for the Registration

Acknowledgment Message. Bit 8 through 21(r0-r13) are reserved. (i.e. filled with the default
function character ETX($03))
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3.1¢.2 Character table

3.10.2.1 Numeric character table

Table 3.1¢.2.1-1 : below defines numerical characters

Character B3 B2 Bl BO

0 o 0 0 0

1 0 0 0 1

2 0 0 1 0

3 0 0 1 1

4 0 i 1] 0

5 0 i 0 i

6 0 1 i 0

7 0 1 i 1

8 1 0 0 0

9 1 0 0 i
Spare 1 0 1 0
U 1 0 1 1
Space 1 1 0 0
an 1 i 0 1

] 1 1 1 0

[ 1 1 i 1

<Free Words>

Free Words are used for transmitting alphabetical, numerical and KANA codes in 2-digit
units. Numerical characters inserted between the Free Word recognition characters specified
in the following are transmitted as Free Words in 2-digit units according to Table 3.10.2.1-2.
The transmisston order is in row and column, and the corresponding characters are converied
and displayed on the pager according to Table 3.10.2.1-2, '

Table 3.10.2.1-2 : FreeWord conversion table

Columo]! {2 13[4 [51]6 [7 [8 [9 [0
Row

1 7l4lw| ] #[A[B|C[DIE
2 Al oyl alFGIHIT [
3 #| o 2] 2] VIK[L [M|NTO
4 slF=I vl =] F[PIQIR]S|T
5 F =R x| /|U|VIW]|X]Y
6 N el ziAl&lZ[? ] [—l/
7 2| I AAE|¥Y |&|D e
8 Pl 12 ) [T % | # [soeee| @ [ooee
9 slulafelalt 2131415
0 gl ]6 7890

Note) The code for row "8" and column "0" is a control code and is not displayed.
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Free Word recognition code

Free Word start ... combination of hyphen characters "-" "-" in the numeric character
table (see Table 3.10.2.1-1).

Free Word end ... The space character in the numeric character table (see Table 3.10.2.1-1).
Examples of Free Words

(Free Word start) R & (Free Word end)
-- 45 13 22 85 13 Space

3.10.2.2 Alphanumeric characier table
Table 3.10-2.2-1 lists Alphanumeric characters. Function characters which cannot be

supported by the pager are ignored in the display process and use of display space is not
necessary. _

Table 3.10.2.2-1 : Alphanumeric character table - JIS X 0201

§B7 o jJoJoJol1 1]t 1
o Jo it frjo o1 |1
E o1 }jof1fojt1]o]i1
B4 B3 |B2iBIEHEX) 0 |+ |2 [3 14 15 ]6 |7
oo oo i 0 INUL|IDLE|SP | 0 |@ | P P
o joJo |1t g1 ldso”HpCI] ' |1 1A}l Qlalaqg
o o 11 Jog2fstxipczf " |2 |B|R|b|Tr
010 |1 |1 i 3 IBTXIDC3 # {3 | €| S | c|s
0 [1 |0 |0 & 4 {EBOTIDC4 4 | DT} d]}t
0 {11011 i 5 IENQINAK| % | 5 | E|U | e | u
0 ]1 |1 }10§6 JACK[SYN| & |6 | F|{ V]| ]v
01|11 i 7 IBELIETB| ' |7 |G| W]l g |w
1 |ojo|jogS8 IBS|CAN| ( | 8 | H| X}{h |x
1t oo |1 ko juriEmMi) |9 |1 |Y}ilty
1 |0 11 |0 § AJLF|SUB| * 11zl =z
1o tr i dBYvrlescl+ | s K| | %]
1 j1jojocpr|rs|, |<]|L{¥ |1}l
t |1 ]o 1t ED{CR|GS)- | = |M}|] |mi]}
i l1 |1t |0ofFE}SOIRS} . | > N|[A]|n}]-
1 {1 1y 1 EE}stlus)y/s |2 10| | o |DEL
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3.10.2.3 KANJI character table

Shift JIS codes are used for the KANJI character table.

<Shift JIS code>

A "Shift JIS code” is a 2-byte code used to represent KANJI characters.

Byte 1 uses a JIS 8-unit character table. It specifies the KANJI character table in segment
units as shown in Table 3.10.2.3-1, using 60 characters [HEX 81 to 9F and EO to EF| which
are not defined in the JIS 80-unit character table to cover the KANJI characters.

Byte 2 utilizes character strings which are shifted from the KANJI Table.

If HEX 81 is specified by byte 1, for example, segments 1 and 2 (consisting 94 types x 2 =
188) of the KANJI character table are converted into HEX 40 ~ FC (consisting of 188 types
excluding 7F) of byte 2 for assignment in byte 2 while maintaining the form of the KANJI
character table. ‘

KANIJI character table used : JIS X0208

Table 3.10.2.3-1 : Method of indication used by shift JIS code

00 20 - 40 60 80 AD 0 E0 FF

00 ! R - s'"’7’F (not-in use) I i
94 points \
20 HPECCTARTRETEEY Seament ] N
b, ] jegrnem 2
40 1
HS X 0208
KANII code
60 1™
Istbyte 80 | 7B : Segment 94 /)
81 e \
A0 9F / : / '
40 7E 80 OE9F FC
a Odg segments (1 ~93) Even segments (2 ~ 94) > Shift JIS code
- 49 TE 80 9EOF FC
E0 EQ :
;?: not in :l;e “E ---------- /
FE
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Chapter 4 Long Message Transmission

This chapter lays down the regulations governing the methods used for long message
transmission which require that transmission take place over multiple Frames.

4.1 Fragmentation of long messages

When long messages are transmitted, in cases when the full length of a message cannot be
contained in one Frame, the individual message must be broken down into fragments.
Accordingly, the respective fragments need to be transmitted over several Frames in order for
the complete message to be transmitted as one message. Note that it is also possible to
transmit other messages which arise during transmission of a long message in multiple
fragments by giving the other message priority over the pertinent long message.

One example of such transmission is given below, in which an Alphanumeric Message with a
Short Address is transmitted using the single transmission method. After removing one Block
Information Word, one address word and one vector word from the maximum 88 words (refer
to Section 3.4 for the number of words in a Frame), the maximum Iength of message words
which can be transmitted in one Frame is 85 words .

In the case of an Alphanumeric Message (which uses 7-bits per character), after the 1st word
in the Message Field has been removed from the 85 words, the maximum number of words
which can be transmitted for the message is 84 words. As 3 characters can be sent per word,
the maximum number of characters which can be sent in one Frame is 251 characters {3
characters/word x 84 words -1 = 251]. Therefore, longer messages which have more than 251
characters are transmitted by Fragmentation.

In addition, in that other paging messages to other pagers can also exist within the same
Frame that a fragmented message is being sent in, in cases where the maximum 251
characters which constitute a message cannot be transmitted in the same Frame, the pertinent
message can be transmitted by Fragmentation.

4.2 Fragmentation
The following requirements must be met for Fragmentation.

@ Once an individual, Operator Messaging, NID or radio group address is used to begin
transmitting a fragmented message, that same address must not be used to start a new
fragmented transmission until the first fragmented transmission has been completed.
During multiple transmission, however, note that the pertinent address can be used to
transmit another fragmented message at the point where the first transmission of all the
fragments in the original message has been completed.

@ For the duration of time that an individual or radio group address is being used to send a
fragmented message, that same address must not appear more than one in any Frame for
single transmission (or in any Subframe for multiple transmission) to send an
unfragmented message.

(® Numeric Messages (those having a vector type of 011,100,111) cannot be fragmented.
@ The transmission interval between each fragment of the same message must be 32 Frames
(equivalent to 1 minute) or less. When use of the pertinent channel is shared with another

system, however, (or in the case of multiple transmission or Multi-area/Roaming
channel), the transmission interval for each fragment can be 128 Frames (equivalent to 4
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minutes) or less .

In a Fragmeniation, fragments can be also transmitted in the Frames not based on the
Collapse cycle. Also, it is possible to combine with Carry On described in Chapter 3
(Refer to Section 3.7).

Also note that for transmitting messages in fragments, the method of Fragmentation
differs based on whether the single transmission method is used, or the multiple
transmission is used.

4.2.1 Fragmentation using the single transmission method

(n

2)

Cases when Carry On is not used
Refer to Fig. 4.2.1-1 for an example of Fragmentation when Carry On is not used.

The 1st fragment is transmitted by matching it up with the Frame based on the Pager
Collapse value or the System Collapse value (refer to Section 3.1.2). Regardiess of the
Collapse value, however, the 2nd and subsequent fragments are generally sent in Frames
which have continuance with the Frame in which the 1st fragment was transmitted.
(Note, however, in that other paging messages to other pagers exist or the channel is
mixed with other signaling , there will be instances in which subsequent Frames will not
have continuance with the Frame in which the 1st fragment was transmitted.)

In addition, the respective addresses for the pertinent pager are inserted into the Address
Field of each Frame where the pertinent messages exist; also, the respective vectors for
the fragments corresponding to the Frames are inserted into the Vector Field.

Cases when Carry On is used

There are cases in which the Carry On outlined in Chapter 3 can be used during
Fragmentation.

As in “Cases when Carry On is not used” as described in (1) above, with Fragmentation
when Carry On is used, as shown in Fig. 4.2.1-2, regardiess of the Collapse value, the
2nd and subsequent fragments can be sent in Frames having continuance with the Frame
in which the 1st fragment was sent. Also, in the same manner as in (1), above, in that
other paging messages to other pagers exist or the channel is mixed with other signaling
L2there will be instances when subsequent Frames do not have continuance with the Frame
in which the 1st fragment was transmitted.

In addition, a Carry On flag (in the Block Information Word for the Frame in which the

Ist fragment is sent) is used to designate the Frames in which the 1st fragment may be
sent (refer to Section 3.7 for “Carry On flags”™).
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‘&~ Frame -®l— Frame -»| ==~=-i€— Fame -»
. I
___BAVFISE BAv-Fan AL I BlA|V]Last
I F p ragmem I F F rg.gment I F F Fragmem ——
o
Pager operation OFF ON :

BI : Block Information Word (refer to section 3.7)
AF : Address Field (refer to section 3.8)
VF : Vector Field (refer to section 3.9}

Note 1: The first Frame is the reception Frame specified by the Collapse value,

Note 2 : Each fragment indicates a HEX/Binary Message (see Section 3.10.1.2), Alphanumeric
Message (see Section 3.10.1.3) or Secure Message (see Section 3.10.1.4).

Fig. 4.2.1-1 : Example of Fragmentation using the single transmission method in cases
when Carry On is not used

e Frame (n) 3 p~Frame (n+13pl= - = = » e Frame w3
Reception Frame N
BIAV BiIA|VY 1st - B A IV |Last
=" HF|F 1|F|E | Fragment | " \\ ™ |1 |F |F |Fragment { =7
L4
v
Carry On flag (0 1)
Pager operation OFF oN

Note 11 “Reception Frame” refers to the Frame specified by the Collapse value.

Note 2 : The figure shows an example when Carry On flag in the Block Information Word for
the reception Frame is “01”. First fragment is transmitted in Frame n or in Frame n+1.

Fig. 4.2.1-2 : Example of Fragmentation using the single transmission metheod in cases
when Carry On is used '

4.2.2 Fragmentation for multiple transmission

For transmission of fragments by multiple transmission, depending on the pager, sometimes it
is possible to transinit fragments according to the Collapse cycle designated by the
infrastructure facilities, and at other times it is possible to transmit fragments in continuous
Frames. The method to be used for transmitting fragments is determined by and stored in the
pager. Note, however, that Fragmentation using continuous Frames is not permitted when
multiple Collapse cycles exist (refer to Section 3.1.3). In addition, Carry On cannot be used
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for multiple transmission. (Also, refer to Section 3.4.2 for regulations regarding multiple

transmission).

(1) Fragmentation for multiple transmission based on the dictated Collapse cycle by the

infrastructure facility.

With this method, the respective fragments are transmitted in accordance with the
reception Frame for the pertinent pager which is determined by the System Collapse
~ value designated by the Block Information (refer to Section 3.7) or by the TD Collapse

value designated by the Frame Information Word(refer to Section 3.6).

Fig. 4.2.2-1 below is an example of Fragmentation

g Frame—#-y&— Frame —#%— Frame ~ [~ Frame «3» o= Frame —#t& Frame —&

{(n) (n+1) (n+2) (n+3) (n+4) (n+35)
Subframe No. |SB1|SB2|SB3:{SB1]SB2SB3|SB1[SB2|SB3{SB1|SB2|SB3iSB1|SB2{SB3ISB1iSB2ISR3
F No. -
Tramission No. | 1-1 21112 22113
1stTx Ist Tx 2nd Tx 2nd Tx 3rd Tx
| [ ;
1st Fragment 2nd Fragment * 8B : (Subframe)

Tx : Transmission

|<- System Collapse cycle —»=

Pager operation I Réception Reception Reception
Frame Frame Frame

Number of transmissions : 3
Parameters Systern Collapse value ; |

Systemn Collapse cycle : 2 Frames

Number of fragments : 2

Fig. 4.2.2-1 : Example of Fragmentation according to the System Collapse cycle

(2) Fragmentation using continuing Frames.

With this method, the respective fragments can be sent in the Frame which are received
by the pager in accordance with the System Collapse value and in the o Frames which
follow continuously after the Frame. (Note, however, in that other paging messages to
other pagers exist or the channel is mixed with other signaling, there will be instances in
which subsequent Frames will not have continuance with the Frame in which the 1st

fragment was transmitted.) The following regulations govern this type of transmission.

D In cases of when fragments are transmitted in continuous ¢, Frames (i.e., in Frames
which do not follow the Collapse cycle), transmission begins on the first Frame after |
skipping the Frame following immediately after the Frame whereby transmission of
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all the 1st fragments is completed by multiple transmission.
@ Maximum of o shall be less than the System Collapée cycle

Fig. 4.2.2-2 below gives an example of Fragmentation using continuous Frames.

Subframe Subframe ¢, Frames
1 2 »

R
N [
i Synd T Syne Fragment o {Sync Fragment
a per pat 31 pam Pl
m MM
Pty

0 ? O+T Fragments

i not transmitted
Frame which accords

with System Collapse
cycle

O Frames
{f‘; »
P F;\,nm HHAH
g s Sync Frggiert Bragmint] e | S o
st bed et 1 b
) il e A e EREA ”s‘x";R\ iy
t0+2T

T : System Collapse cycle x 1.875 sec.

{*} The notations for the fragments in the fig. (L.e., Fragment 1-1, et.)
have the following meanings :

fragment m-n (in this case, Fragment 1-1)
m = fragment No. {in this case, Fragment 1),
n = transmission No, (in this case, 1st transmission)

Fig. 4.2.2-2 : Example of Fragmentation using continuous Frames

4.2.3 Transmitting other paging messages to other pagers during Fragmentation
During the course of sending one long message by Fragmentation, it is also possible to send

other messages as shown in Figs. 4.2.3-1 and 4.2.3-2. In such instances, the requirements for
sending messages by Fragmentation outlined in Section 4.2 must also be met.

f— Frame -pje€— Frame 3| Frame —p

F t 3
Tagmen Fragment ent

L Other messages I——— Other messages

Fig. 4.2.3-1 : Transmitting other messages during Fragmentation [Example 1]
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. 32 Frames (or 128 Frames) or less
(Based on Section 4.2(3))

| |

L. Other message (n)

Other message (2)

Other message (1)

Fig. 4.2.3-2 : Transmitting other messages during Fragmentation [Example 2]

4.3 Reception of fragmented messages

Reception of a fragmented message in the case of the single transmission method is as
described in the paragraph below.

In this example, the pager checks the Message Continued Flag contained in the received
message, and when this flag is “1”, it acknowledges that there are additional fragments
remaining to be received. Accordingly, as long as the above-mentioned Message Continued
Flag remains set to “1”, the pager receives additional fragments. When it detects that the flag
is set to “0”, it acknowledges that the last fragment has been received and stops reception of
the message.

In addition, the pager detects whether there are any missing fragments by checking Message
Fragment Numbers and also recognizes which message a continnous fragment is received in
by checking Message Numbers. In addition, the Fragment Checksum for each fragment is
used by the pager to detect errors in fragments.

When the pager stops reception after the last fragment is received (where the Message
Continued Flag sets to “0”), or in cases when the permissible transmission interval between
each fragment is exceeded (based on Section 4.2 ) and therefore the next fragment cannot
be received, the pager reverts to the intermittent reception mode, wherein only Frames
decided by the Collapse value are received.
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Chapter 5 Group Messages

The methods for receiving common messages (Group messages) are outlined below.
5.1 Group messages using common addresses (group addresses)

Short Addresses or Long Addresses can be used as group addresses for individual pagers.
When transmitting Group messages, the respective group addresses for the pagers in the
respective groups are transmitted along with vectors which indicate the types, eic., of
messages and the Group messages themselves. In addition to indicating the type of Group
messages, vectors also indicate the number for the starting word of Group messages and the
Group message word length. Fig. 5.1-1 below is an example of how Group messages are sent
using group addresses.

Frame m-1 Frame m Frame m+16

Tx : transmission

p
afer OFF [ov | OFF
pager I oFF
B
OREERRE Group address for the Pager A,B.
(The all pagers in the group receive Frame m.)
@ wereeees Common vector for the Pager A,B.
(Indicates the type of message, the number of the starting word and the
message word length.) '
@ e Group message.
@ o Group address for the Pager A,B.(Second transmission)

® cveveeen Common vector for the Pager A,B.
(Indicates the type of message, the number of the starting word and the
message word length. Second transmission.)

@ weeeee Group message.(Second transmission.)

Fig. 5.1-1 : Example of transmitting Group messages using group addresses
(when System Collapse cycle = 16 and the number of transmissions = 2);
5.2 Group messages using Temporary Addresses
Group message using Temporary Address is a method wherein the pagers in a certain group
receive Group messages by the system transmitting a Temporary Address for all the pagers
within the same group.

When this method is used, the address and Short Instruction Vector for each pager are
transmitted first. By receiving the Short Instruction Vector, each pager is able to decode the
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Temporary Address and the Frame where the Temporary Address is transmitted.(i.e., to
decode those Frames designated by the 7 bits [fg ~ fg] in Table 3.9.6-1). The assigned
Temporary Address is only valid for the Frame in which the Temporary Address is
transmitted. In cases when the Temporary Address is not detected within the designated
Frame, the pager must automatically return to normal operation immediately. The
Temporary Address is valid until the Group message ends. It is also possible to break down
Group messages which stretch over several Frames. In addition, when the multiple
transmission method is used, at the point where the first transmission of a Group message
ends, other Group message can be transmitted (first transmission) by using the same
Temporary Address. When the complete message is built, the pager automatically returns to
normal operation.

Then all the pagers within the same group receive the Temporary Address with vector and
message in the Frame designated by the Short Instruction Vector.

Before Group messages are transmitted, however, the multiple transmission which includes
the Short Instruction Vector must be completed. The first transmission of the Group message
must be started within 128 Frames from the first transmission of the Short Instruction Vector.

When the address for an individual pager is classified in a Single phase, the Temporary
Address's phase is assigned to the same phase as the one used for the pertinent pager’s
address. Group messages are transmitted as needed in each phase on the same Frame.

When the address for an individual pager is classified in an Any phase, the Temporary
Address is assigned to one of the usable phases from among the phases “a, b, c or d.”

In cases when a Temporary Address is assigned to pagers within a group by means of using a
Short Instruction Vector, the same Temporary Address must not be used until transmission of
the Group message has ended.

Also, a second Temporary Address cannot be specified using the pertinent Temporary
Address, and message numbers must not be used in Group messages.

Also, there are two methods of transmission for Group messages, as described in Section
5.2.1 or 5.2.2. Pagers which receive Group messages using a Temporary Address must
support at least one of the methods for transmitting Group messages.

5.2.1 The Frames of Group messages for which the {ransmitted Temporary Addresses
don’t depend on a dictated Collapse cycle by the infrastructure facilities.

The example for this case for the transmission of Group message is shown in Fig. 5.2.1-1,
The Frame in which the Temporary Address is transmitted is any Frame except the first
subsequent Frame after the multiple transmission for the page including the Short Instruction
Vector is completed.

§.2.2 The Frames of Group messages for which the transmitted Temporary Addresses
depend on a dictated Collapse cycle by the infrastructure facilities.

The example for this case for the transmission of Group message is shown in Fig. 5.2.2-1.
The Frame in which the Temporary Address is transmitted is the Frame that the pager sets to
the reception state at the System Collapse cycle after the multiple transmission for the page
including the Short Instruction Vector is completed.
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Pager
A

Pager

P Frame m »q Frame m-+} ». "r”?ramc m+16 >, (LEAE mtl7 g—Liamen g E; +

P 1stTx | 20dTx | 1t Tx ! 2nd Tx { 1stTx :20d Tx ! IstTx | 2nd Tx! ! 15t Tx} 2nd Tx | ! 1st Tx } 2nd Tx!

4t 1 e d; *1 ] 0 o

A4 ars L4 4 A 44 4

0.0) 0.a]) @ow

Tonl ogg fonl OFF Mon | OFF o LoFE -
orF fond OFF ' fonl OFF Fow | __OEF T om Loe

{D) s+ Address for pager A (Frame m).

() -+« Short Instruction Vector for pager A (which designates Frame n and Temporary Address for @ ).

(® <+ Address for pager B (Frame m + 1).

(@ ++ Short Instruction Vector for pager B (which designates Frame n and Temporary Address for ®).

(3 +++ Address for pager A fsecond transtnission].

@ +++ Short Instruction Vector for pager A (which designates Frame n and Temporary Address for @ [second trapnsmission}).
o+s Address for pager B {second transmission)].

«+ Short Instruction Vector for pager B (which designates Frame n and Temporary Address for @ fsecond transmission]).

»es Temporary Address for each pager.
s«s Vector for each pager (indicates Group message type, start word No. and message word length).
=«» (Group message for each pager.

" eee Temporary Address for each pager [second transmission].

ees Vegtor for each pager (indicates Group message type, start word No. and message word length {second mansmission].

@060 6060060

«ss Group message for each pager [second transrnission].

*1 : For the Frame directly following Frame m+17, the Group message is not transmitted; also, 1 does not exceed 128 Frames from m.

Fig. 5.2.1-1 : Example of transmission of a Group message when the Frame in which the Temporary Address is transmitted does not depend on the System

Collapse cycle [System Collapse cycle = 16, the number of transmissions = 2]
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Pager
A

Pager
B

o Framem o o Framem+l o ¢ Frame m +16_  Frame m+17 “Ffamcﬂ(*l) prgrAme ikl o Frame n+16 , . Frame n+17
 1stTx | 2nd Tx ! 1st Tx | 2nd Tx | D 1stTx!2nd Tx! 1stTX 12nd Tx! . IstTx }2nd Tx | JstTx ‘2nde, t 1st Tx't 2nd Tx: 1st Tx i2nd Tx:
il Ay - I} aly - B ¥ e A e CE
24 44 44 4 124 4 +4 £4°%
Koo BB X RO GO
ON QEF- Tond QFF. I oon | OFF [Ton 1 OFF

OFF m . OFF. m QFF I ON I OFE i ON L_

@ ee» Address for pager A (Frame m).

@ =+= Short Instruction Vector for pager A (which designates Frame n(*1) and Temporary Address for @ )
@ =as Address for pager B (Frame m + 1).

@ === Short Instruction Vector for pager B (which designates Frame n+1 and Temporary Address for@).
(5) === Address for pager A [second mansmission}.
@ +os Short Instruction Vector for pager A (which designaies Frame n and Temporary Address for ® [second transmission}).

(9 »++ Address for pager B [second transmission].
® ==+ Short Instruction Vector for pager B (which designates Frame n+1 and Temporary -Address for @ {second ransmission}).

@ s+ Temporary Address for pagers including pager A.
Q) = Vector for pagers including pager A (indicates Group message type, start word No. and message word length).

{} *+ Group message for pagers inchuding pager A
@ s+« Temporary Address for pagers including pager B .

(@) *** Vector for pagers including pager B (indicates Group message type, start word No. and message word length).

@ «s+ Group message for pagers including pager B.

@ =+« Temporary Address for pagers including pager A [second fransmission].

@ +++ Vector for pagers including pager A {indicates Group message type, start word No. and message word length [second transmission]).
(1) »=» Group message for pagess including pager A [second ransmission].

(® e Temporary Address for pagers including pager B [second transmission].

({9 =+ Vector for pagers including pager B (indicates Group message type, start word No. and message word length [second transmission].

@D +*» Group message for pagers including pager B [second transmission].

*1 : The value of n is decided depending on the System Collapse cycle [n = m+16+16 x p (p=1,2,3...)]; also, i does not exceed 128 Frames from m.

Fig. 5.2.2-1 : Example of transmission of Group message when the frame in which the Temporary Address is transmitted depends on the System Collapse cycle [System

Cotllapse cycle = 16, the number of transmissions = 2}
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5.3 Group messages using Temporary Addresses in subgroups

Each pager has a common address for each subgroup called a “Subgroup address”. A
Subgroup address and a Short Instruction Vector are transmitted for each subgroup. All of the
pagers in a subgroup receive a Temporary Address, vector and Group message in the Frame
designated by a Short Instruction Vector. Transmission of Group messages using Temporary
Addresses must meet all of the requirements outlined in Section 5.2,

Fig, 5.3-1 is an example of the method of transmitting Group messages by using Temporary

Addresses for subgroups. (The Frames of Group messages for which the transmitted
Temporary Addresses don't depend on the System Collapse cycle.)
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e m L Framemtl (Frame m+16 o Framem+17 | ¢« Framen « Frame n+16

} IstTx : 20d Tx | IstTx + 2nd Tx | P 1stTx i2ndTx § 1stTx §2ndTx ! ! 1stTx ! 2nd Tx | ‘ ‘ 1stTx | 2nd Tx |

3 LT D ¥ f: *1 LHR T R HE w

&6 66 &6 ) S0 O Y
paf__, ol OFF, I OFE r—oﬁ QOFF ‘_m_
pasg.,r OFF fon] GFE Jonl OFE on 1 OFF oN  Lofe

Q@ -+ Address for pagers in subgroup A (Frame m). .
(%) +* Short Instruction Vector for pagers in subgroup A (which designates Frame n and Temporary Address for @ ).

(3) **° Address for pagers in subgroup B (Framne m+1).
-@ eee Short Instruction Vector for pagers in subgroup B (which designates Frame n and Temporary Address for @).
(5) *+* Address for pagers in subgroup A [second transmission].
(@ °* Short Instruction Vector for pagers in subgroup A (which designates Frame n and Temporary Address for (@ [second transmission]).
(7) == Address for pagers in subgroup B [second transmission].
- (® +*= Short Instruction Vector for pagers in subgroup B (which designates Frame n and Temporary Address for @) [second transmission]).

@) s+ Temporary Address for pagers in all subgroups

{1 = VYector for pagers in all subgroups (indicates Group message type, start word No. and message word length).

§) °+* Group message for pagers in all subgroups.

@3 +oe Temporary Address for pagers in all subgroups [second ransmission].
s Vector for pagers in all subgroups (indicates Group message type, start word No. and message word length [second ransmission]).
B
@ °** Group message for pagers in all subgroups {second transmission],

*1 : For the Frame directly following Frame m+17, the Group message is not transmitted; also, n does not exceed 128 Frames from m .

Fig. 5.3-1 : Example of transmission of Group message using Temporary Addresses in subgroups [System Collapse cycle= 16, the number of
mansmissions = 2]
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Chapter 6 Multi-area/Roaming

When the Roaming Network bit in the Frame Information Word is set for n=1 on the pertihent
channel, it indicates that Roaming Service is provided.

6.1 Simulcast System ID and Network ID
6.1.1 Simulcast System ID

The Simulcast System ID (hereinafter referred to as SSID) is used to identify the unit area for
conducting simultaneous transmissions on a multiple number of Base stations along with a
radio channel (herein after referred to as “the System” in Chapter 6).

The SSID is structured of two words. It has a different value on all of the Systems used
nationally. The SSID is transmitted by using either Block Information Word 2,3ordanditis
further divided into a 1st SSID word (SSID1; BIW000) and a 2nd SSID word (SSID2;
BIW111). :

As shown in Table 3.7.2-1, the word format type for the SSID1 (BIWO0O) is Block
Information Word “000,” and it includes Local channel ID [LID : 9 bits] and Coverage Zone
[CZ : 5 bits]. The word format type for SSID2 (BIW111)is “11 1" and it includes the Country
Code [CC: 10 bits] and Traffic Management Flag [TMF : 4 bits].

The SSID structure is shown in Table 6.1.1-1 below.

Table 6.1.1-1 : SSID structure

Item No. of|No of Description Reterence
bits  lassign-
ments )
SSID1 jLocal 9 512 |Assigned so as not to be - fup t0 16,384 Systems
(BIW  |channel ID duplicated by multiple operators can be identified
000) (LID) ~ lacross all frequencies.
Coverage 5 32 |32 Systems can be assigned per
Zone (CZ) LID
§SID Country 10 1024 Jindicates the I'TU-T Couniry 440 (1BSHEX) for
Cade (CC) Code Japan
SSID2 [Traffic 4 4 |Enables making traffic uniform |Identifies 4 channels
(BIW  |[Management for a max. of 4 radio channels  jfor the same SSID1
111) jFlag (TME) within the same unit area. and Country Code

6.1.1.1 SSID System Message transmission
Refer to Section 3.7.2 for SSID System Message transmission.
6.1.1.2 Traffic Management Flag

Four Traffic Management Flags, [T3,T2,T1,T0] are used by the SSID. One of the four
(ranging from T3 ~ TO) is assigned to each address. The Traffic Management Flags are
assigned to addresses (in cases of Long Addresses, first word of Long Addresses) in a manner
in which the 2 LSB's become the flag numbers. For example, if the 2 LSB's for the address is
“1 0”, then the T2 flag is assigned. If a pager which supports Traffic Management Flag has
multiple addresses, all addresses follow the same Traffic Management Flag bit. By use of
Traffic Management Flag, the traffic for one System can be subdivided into 2,3 or 4 Systems.

Fig. 6.1.1.2-1 illustrates how the Traffic Management Flags are used. In a certain System
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(System 1),when the Traffic Management Flags to be transmitted are set for [T3,T2,T1,T0] =
[1,1,1,1], then all the pagers {(D+2+3D+@) } which have a scan list containing the Local
channel IDs, Coverage Zones and Country Codes identical to those used in the System can
receive messages.

Next, cases when the traffic for System 1 is shared with System 2 are explained. System 1 for
which the Traffic Management Flags are transmitted as [T3,T2,T1,T0]=[0,0,1,1] is allowed
to page pagers of the pagers having the 2 LSB's of the address set for "00" or "01"{(D+2) },
from among the pagers which have a scan list containing the LID,CZ and CC identical to
those used in the System. If the 2 LSB's of the address of pagers is set for "11" or "10", such
pagers will be paged by another System (for example, System 2: F2 in the diagram) having
identical LID,CZ and CC.

In addition, when traffic is subdivided into System 1,2,3_and 4, each System pages the
pagers having the corresponding addresses for addresses (.2 ,® and @ .Based on the
above explanation, it is obvious that each of the Traffic Management Flags T3 to TO is set for
“1" only once for the Systems into which traffic is divided. More precisely, in each of up to
four Systems having an identical LID, CZ and CC, each of the Traffic Management Flags
(T3, T2, T1, TO) must be set for “1” only once. With Systems 1 and 2 which transmit the
identical LID, CZ, CC as shown in Fig. 6.1.1.2-1, for example, if Traffic Management Flag
TO is set for “1” in System 1, Traffic Management Flag T0 in System 2 must always be set for
66077‘

System 1
Frequency : F1

(13,12,T1,T0)= | () The 2 LSB's of address = “0 0"

System 1 & 0,001 (only flag TO is detected)
Frequency : F1
:m,TI,TO o
m({}’o’l,l) = System 3
Frequency : F3
System 1 Addresses for (T3.12,T1.T00= | @) The 2 LSB's of address =0 17
Frequency : F1 ~ baging: ®+® . (0,0,1,00 (only flag T1 is detected)
(T3, T2,TL.TO)=
(LLLD System 2
i Fi (F2
Addresses for paging : requency ®
O+2+3 System 2 o] (T3,T2,T1TO)= The 2 LSB’s of address = 1 ("
0 Ffequency (F2 0,1.0.0 (only flag T2 is detected)
| (T3, T2, TLT0)=| |
(1,1.0.0) System 4
Addresses for Frequency : F4
paging: (D+@ | g J (TATLTLTO= | (@) The 2LSB's of address =*11”
(1,0,0,0) (only flag T3 is detected)
Fig. 6.1.1.2-1 : Example of system assignments based on Traffic Management Flags -
& g g g

6.1.1.3 Rules for SSID placement

In instances when the System supports Multi-area/Roaming, for Frames and phases which
accord with the following rules, SSID1(BIW000) and SSID2(BIW111) must be placed in the
any Block Information Word 2,3 or 4.
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In all Systems which support Multi-area/Roaming, all full Frames from Frames 0 through
3 must be transmitted. The shortening of Frames can not be allowed.

In instances when the transmission speed is 6400bps, SSID1(BIW000) is placed in the
order of phase “a” for Frame 0, phase “b” for Frame 1... phase “d” for Frame 3.

Transmission of Frames 4 through 127 is optional. In cases when the Frames are
transmitted, SSID1(BIWO000) is assigned in the order of phase “a” for Frame 4, phase
“b” for Frame 5... phase “d” for Frame 127. :

In instances when the transmission speed is 6400bps, SSID2(BIW111) is assigned in the
order of phase “a” for Frame 0, phase “b” for Frame 1, phase "c¢" for Frame 2, phase "d"

for Frame 3.

In instances when the transmission speed is 3200bps, phases “a” and “b” described in (2)
and (3) above are assigned in phase "a" of the corresponding Frame, and phases “c” and
“d” described in (2) and (3) above are assigned in phase "¢" of the corresponding Frame.
Also, when the transmission speed is 1600bps, all of the phases described in (2) and (3)
above are assigned to phase “a” of the corresponding Frames.

Fig. 6.1.1.3-1 below indicates the rules for SSID placement
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Frame
number

0

W o -~ N A W N e

= b ek R el e g
~F N W R W N = D

127

Note 1

Note 2 :
Note 3 :

bphase.a i . r&%‘ggr aphase ) xﬁfg{ggf phaze
K T p I'::BI‘Z‘Z;;; i 0 I8 L@i‘i\f.%l% 0 33%@@1&'@‘3
' SpE I Biwio1) 1 (g8 |FBwioy 1 |SBiewion
Taiwi0s | st A o 2 |SREws
20 3 \Ewe)sg | 3 |S%Ewen
$SIDE 4 |ssmn 4 S8 &
$SID} 5 | ssiot s | sm |
SSIDA 6 SSIDL 6 SSID1
SSID1 7 8511 7 5SID1
SSI0 8 fssm 8 ssi1
SSID1 9 j35D1 g SSIN
frame
SSID 10 SSiD1 10 SSIDI transmission
- ; optional
$8iD1 11 8SIM 11 $SIDL
SSIDI 12 {ssm1 12 s
SStD1 13 st 13 SsiDt
SSIDI 14 SSID1 14 SSI
SSID1 15 S50 15 SSIDI
16 | $51D; i6 SSIDI
17 ssmi 7 -
sy )L 12T sst §o L. 127 fsoor | V.
{a) 6400bps (b) 3200bps (c) 1600bps

“T1, T2 and T3” in above indicate Block Information Word which relates to Time. The format type for Block
Information Words is “001,” “010” or “101.™ Also, in the case of 101: (A3, Az, A1 and A0) = either (0100 or
0101). In addition, in cases when the system supports transrnission of Time information, all Time-related Block
Information Words which are supported must be transmitied on Cycle 0, Frame 0 at mininaum, (Refer to Section
3.7.2)

Furthermore, in regards to phase placement for the respective phases, all supported Time-related Block
Information Words (i.e. T1, T2 and T3 in the figure) are placed on the same Cycle 0, Frame 0, and all Time related
Block Information Words supported for the same phase must be placed in rotation at each hour. (In section {a) of
the figure above, Phase a—T1, Phase b~»>T2, Phase c—7T3 and Phase d—Ti, for example, would be placed in the
next Frame 0, Cycle 0 as Phase a—T2, Phase b—Ts3, Phase ¢-»T1 and Phase d—7T2; in section (b) of the figure
above, Phase a—T1, Phase ¢->T2, T3 would be placed in the next Frame 0, Cycle O as Phase a—T2 and Phase
¢->T3,T1. In case of 1600bps if there is leeway in the number of placements for Block Information Words, more
than two Time-related Block Information Words can be mransmitted on Cycle 8, Frame 0.)

SSID1 and SSID2 in the above figure represents BIWOOO and BIW111 respectively.

in the above figure indicates that the word format type for the Block Information Word is "101" and
(A3A2A1AQ)=(0110). When Frame Offset is supported, BIW101 must be transmitted in Frame 3 at minimutm, If

it is possible to send the BIW 101 in the Frame, it must be placed as indicated by the ! BIW101: (BIW101 encircled
by dotted boxes) in the figure above,

Fig. 6.1.1.3-1 : SSID placement rules
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6.1.2 Network ID

A Network ID (NID) is used in instances when a multiple number of Simulcast Systems are
connected together to form one roaming network. In addition, when one radio frequency
forms a part of multiple networks, several NIDs are transmiited by the System. In short,
Roaming based on NID refers to a logical network. The NID is composed of Network
Addresses and Short Message Vectors. As indicated in Table 3.9.2-1, the type of Short
Message Vector is “0 0” and is composed of a 3-bit Network Address Multiplier, a 5-bit
Service Area Identifier and a 4-bit Traffic Management Flag. Table 6.1.2-1 below shows the
NID structure.

Table 6.1.2-1 : NID structure

No.of | No.of assign-
Iiem bits ments Description Reference
Total
I W—— hnumber) Hex 1 I
Network 21 | 4096 | IF6300 Within the same area,
Address 1F77EFR the NID differs with
each frequency.
Multiplier 3 8 Extends the Network Address
NID |Short  |Service Area] 3 32 Used to Identify the Service
Message |[dentifier Areas
Vector
Traffic 4 4 Enables making traffic uniform|ldentifies 4 channels
Management for a max. of 4 RF channels|for the same Network
Flag within the same unit area. Address , Multiplier
and Service Area
Identification

6.1.2.1 Transmission of the NID System Message

The NID System Message is transmitted in either a Numeric Message, Alphanumeric
Message or HEX/Binary Message; however, transmission of the NID System Message is
optional.

An NID and an identical Network Address which indicates related NID System Message are
placed consecutively in the same Frame and the same phase and appear twice in the Address
Field.

Fig. 6.1.2.1-1 below is an example of how the NID System Message is transmitted.

Block
Information Address Vector Messafe Idle
Field Field Field Fiel Block
[ i
Sync 255 =
oot NA|[NA ;aé £
i
NID Systemn Message

Note NA : Network Address

Fig. 6.1.2.1-1 : NID System Message transmission example (in case of single transmission)
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6.1.2.2 NID Change Instruction

This pertains to transmission of the System Change Instruction related to NID using Network
Addresses in the same manner as for the NID System Message transmission method described
in Section 6.1.2.1. However, that transmission of this Change Instruction is optional. When a
pager receives the NID Change Instruction, the pager adds this information to the scan list.

The transmission timing for Systems which support the transmission of this Change
Instruction is Frames O through 7, using the two Cycles before and after the system has
changed and the Cycle in which the change took place (i.e., a total of 5 Cycles). In addition,
the phase shall be the phase used to NID transmission. (After the change has taken place, it is
desirable that this Instruction is sent once an hour to allow all pagers to recognize the change.)

6.1.2.3 Traffic Management Flag

As shown in Table 3.9.2-1, four Traffic Management Flags on NID are used (F3,F2,F1,F0).
One of the four Traffic Management Flags (ranging from F3 ~ FO) is assigned to each
address. Assignment of Traffic Management Flags for the NID is performed in the same
manner as described in Section 6.1.1.2; with the exception that assignment of the flags are
performed on 4 NID Systems structured with identical Network Addresses, Multipliers and
Service Area Identifiers. '

6.1.2.4 Ruies for NID placement

In instances where the System supports Multi-area/Roaming using NIDs, an NID must be
assigned to the address field and vector field for Frames and phases which accord with the
rules below.
(1) When the Frame number for the transmitted NID is F :

1) M= Modulo 8 of integer part of (radio frequency (kHz)/channel spacing (kHz) )

For example, when the radio frequency is 280.0375MHz and channel spacing is
25kHz, then, M =1, ‘

and, whereas,

2) N=Modulo 8 of Network Address (=3 LSB'S), and
3) C= Cycle number (0 ~ 14),

then,

4) F= Module 8 of M+N+C) is obtained.

(2) Also, within one System, the Frames running from Frames 0 through 7 must be
transmitted. The shortening of Frames can not be allowed.

Transmission of Frames § through 127 is optional. In cases when the Frames are
transmitted, however, the NID must be transmitted in Frames having Frame numbers
equivalent those obtained by the module 8 of Frame numbers in (1) above.

(3) Placement of the phases occurring in the Frame number in (1) above is the same as that

used for SSID placement.
(Carry On does not apply to NID placement.)
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Fig. 6.1.2.4-1 below gives the rules for NID placement.

Frame
nrumber

0

1
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k1
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13
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85103
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ssip1 (BT

551D @

SS]Di

S5

R
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ssm

{a) 6400bps
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Y

Frame Phase Frame Phase
number, a & number, — lf
el Lt
R TR0 0 Jgm
ssID8 R e
LI bt a0t U it
2 | el | S8 2 | Shiawi
2 ss101 3 S5 X
Brwiol]] Sins @) (D)
. L BEYL)
ssor(upd| [RIWIGN
5 St
sso1(aop| LAGOGD
6 | ramies | s @)
, =)
BIW 101 ss;m
8 Jsumn
9 . SSID} 9 ﬁﬂﬁ
10 SsI01 10 ssiD1
1 sotp: (53 11 ssD1
12 SS“"@% 12 S8ID1 5
0 oo} 13
ssoL(HED) ssipt (NIDT)
14 ssion (55D Mo guns (D)
15 15
ssin Qups S5O
16 ssou(FDDY 16 ssip1 (MDD
17 S5ID1 17 S5E
127 88D 127§ ssm
(b) 3200 bps (¢) 1600bps

Frame
Iransmission
optional

Note 1 :“T1, T2 and T3” in above indicate Block Informeation Word which relates to Time, The format type for Block
Information Words is “001," “010” or “101.” Also, in the case of 101: (A3, A2, Al and AQ) = either (0100 or 0101).
In addition, in cases when the System supports transmission of Time information, all Time-related Block Information
Words which are supported must be transtitted on Cycle 0, Frame 0 at minimum. (Refer to Section 3.7.2; also for
placement of the respective phases, refer to Fig. 6.1.1.3-1, note 1.)
Note 2 : NID1 ~ NID 8 indicate that multiple NID exist in one System.

Note 3 : SSID1 and SSID2 in the above represents BIW0O00 and BIW111 respectively.
Note 4: in the above figure indicates that the word format type for the Block Information Word is "101" and

(A3AZA1A0)=(0110). When Frame Offset is supported, BIW101 must be transmitted in Frame 3 and Frame 7 at

minimurm. If it is possible to send the BIW101 in the Frame, it must be placed as indicated by the | BiW101} (BTW101
encircled by dotted boxes) in the figure above.

Fig. 6.1.2.4-1 : Rales for NID placement
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6.2 Application examples

6.2.1 Example of application of SSID

SSID is given different values for each System (unit area where simulcast transmission is
performed along with a RF channel). Fig. 6.2.1-1 below is an example of how different SSID

are assigned for each frequency in Region A. Also, note that different SSIDs are assigned for
Region A and Region D which use the same F1 frequency.

A

F8 SSIby h

F? S8IDso

F6 D D represents the System

SSIDs ) {unit area where simulcast

B RS _ transmission is performed
§ SSIDs atong with an RF channel),
3
£ F4 1l ssm, e

F3 SSIDs SSiDs

F2 SS8IDs | SSID,

F1 || ssm ‘ SSID, 7

S
A B C D E F G H
Region

Note : SSID] ~ SSID1 are composed of SSID1 (BIWOO0) and SSID2(BIW111) (refer to
Section 6.1.1).

Fig, 6.2.1-1 : Example of SSID application

6.2.2 Example of application of NID

As shown in Fig. 6.2.2-1 below, in muitiple Systems, by transmitting the same NID , it is
possible to create a wider network covers a wider area in logical form.

A Roaming Network which covers Regions A, B and C is formed by NID Local 1. A roaming

network which covers Regions C, D and E is formed by NID Local 2; also Region
AB,C,D,F,G and H are covered by NID Wide 1.
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wwwwwwww

..............

NID Locai 18

D represents the

F5s i IR AT simulcast transmission is
i e . performed along with an
ﬁgﬂ . l RF channel).

Frequency
&

F3 1 ¢ NID Wide 1 : NID Wide 1 ; fu....i TOprESCOLS
ST TSI T T 1331311300 1T D — ; Roaming Network.
Fz !
Fi NID Wide 1 J
A B C D E F G H
Region

Note : NID Local 1, NID Local 2 and NID Wide 1 are composed of the Network Address and Short
Message Vector. (Refer to Section 6.1.2)

Fig. 6.2.2-1 : Example of NID application

6.3 Scan list

Each pager has a scan list which lists various combinations of frequencies, SSIDs, NIDs,
addresses, overlap or non-overlap. .

Note : Inclusion of overlapping/non-overlapping areas on the scan list is optional.

Examples of Scan list are given below based on the application example in Section 6.2.

6.3.1 When Multi-area/Roaming is performed by SSID

When Multi-area/Roaming is performed for the areas shown in Fig. 6.2.1-1 and Region A
(which uses frequency F1) represents the Home area, Multi-area/Roaming is performed for
Region B (frequency F2), Region C (frequency F6), Region D (frequency F2), and wide
region areas F, G and H (frequency F3). In this instance, the pager scan list appears as in the
example shown in Table 6.3.1-1 below. ‘

Note that although addresses have been omitted in the table, various Multi-area/Roaming
combinations can be thought of for addresses.
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Table 6.3.1-1 : Example scan list

No. | Frequency Valid SSID . Valid NID Overlap*
' Yeas/No
1 F1 SSIDy, *1 (SSIDy) - YES
2 2 SSID3, SSIDy4 - YES
3 F3 ' SSIDg - NO
4 F6 SSIDg - YES

Note : SSIDj, SSID3, SS8ID4, SSIDg and SSIDg are composed of SSID1(BIW000)
and SSID2(BIW111) (refer to Section 6.1.1).

*1) SSIDjy, . indicates the Home area SSID.

*2) Overlap/non-overlap :

This indicates whether the areas shown on the scan list overlap with other areas shown on

the scan list. How the areas shown in Table 6.3.1-1 overlap or not is shown in Fig. 6.3.1-1
below.

Region F, G, H

With overlapping With Non-overlapping

Fig. 6.3.1-1 : Examples of overlap/non-overlap areas
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6.3.2 Combining Multi-area/Roaming with NID

The pager scan list appears as in the examples given in Tables 6.3.2-1 and 6.3.2-2 below,
wherein Region A (which uses frequency F1) is the Home area and Multi-area/Roaming is
performed using NID in Regions C, D and E.

Also note that although addresses have been omitted in the respective tables, various Multi-
area/Roaming combinations can be thought of for addresses.

Table 6.3.2-1 : Scan list joining NID with SSID [Example 1]

No. | Frequency Valid $SI1D Valid NID Overlap
Yes/No

1 Fl S8IDg, (SSIDy) - YES

2 F6 - NID Local 2. YES

3 7 - NID Local 2 NO

4 F8 4 NID Local 2 NO

Note : NID Local 2 is structured of the Network Address and the Short Message Vector {refer to
Section 6.1.2).

Table 6.3.2-2 : Scan list joining NID with SSID [Example 2]

No. Frequency Valid SSID Valid NID Overlap
_ (Yes/No)
1 Fl $SIby, (8SID1) - YES

2 | Min. frequency
Max frequency - NID Local 2 YES

Note that Multi-area/Roaming using SSID as described in Section 6.3.1 is also possible when
using NID combinations as described in this section.
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6.4 Procedures

The frequencies for use by pagers are set according to the scan list shown in Section 6.3.
When a match up of the SSID or NID are detected, reception on the pertinent system starts.

Fig. 6.4-1 below outlines the example of the basic pager scanning procedure.

( Scanning begins )

Set Frequency in
Hst
o Select the next Frequency
N in scan list
=~ Bync signal e, .\
(including frame e, NO .
information) .
YES §
Roaming Network ™ o

~, Ditset? .

Wait

Reception of SSID/NID

SSID march up?

YES

Record information related to
SSID or NID which match up
{(frequency, overlap, etc.)

!

Determine frequency,
reception begins

Fig. 6.4-1 : Example of pager scanning procedure
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6.5 Requirements for equipment used in Multi-area/Roaming

The infrastructure facilities used to provide Multi-area/Roaming services shall be adjusted so
that the Frame Timing deviation tolerance is within = 1 ms based on the GPS (Global
Positioning System) Time.

6.6 Application Example of Frame OGffset

By using BIW101 (A3A2A1A0)=(0110), Frames to be monitered can be indicated by the offset
value from the standard Frames based on the Collapse cycle. When Frames are offset, the
Collapse cycle starts using the Frames which were added corresponding to the value of
Frames Offset as standard.

Fig. 6.6-1 below is an example of transmission using Frame Offset.

The Frame Offset value is determined between Service Providers or Systems. When a System
supports Frame Offset, messages must be transmitted based on the Frame Offset value and the
maximum Carry On by BIW101 (A3A2A1A0) = (0110). Refer to Section 3.7.2.

When a System supports Frame Offset, System Messages related to the Operator Messaging
Addresses, BIW101 and the Network Address (including Short Message Vectors for NID)
cannot be transmitted in blocks 9 and 10 (Note, however, this does not apply in certain
unavoidable cases, such as transmission of the 2nd, 3rd and 4th Subframes during multiple
transmission).
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Home area Roaming area 1 Roaming area 2
Frame' Home frequency Frequency Frequency

No. K1 Erame F2 F6
offget

N value=1 1
N+1 ‘

N+2

N+3

N+4

N+5

N+6

N+7

N+8

N+9

N+10

N+11-

Note 1 : In this example, 8 is used as the Collapse cycle.
Note 2 : The shaded parts in the example indicate the Frames to be monitered.

Fig. 6.6-1 : Transmission example using Frame Offset

6.7 Registration Acknowledgment MesSage (Option)

The Registration Acknowledgment Message is an optional function. When the paging area is
changed based on the request of subscribers, the infrastructure facilities can notify the pager
using this message that the area registration has been performed.

Transmission of the Registration Acknowledgment Messages is performed using Secure
Messages.
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Chapter 7 Mixing of Signaling with Existing Pagiﬁg Sysfems

7.1 Common characteristics

When Mixing is performed with the POCSAG Radio Paging -System (RCR STD-42,
hereinafter referred to as the Existing Signaling), the rules in regard to the transmission of a
Frame are applied, too.(Refer to Section 3.1.1)

And in this case, if the Idle Frame transmission was not proper, channel filling pattern
(1,0,1,0.... pattern of 2-level 1600bps) could be transmitted. For example, it starts at the end of
the Existing Signaling and continues until the beginning of next Frame. o

7.1.1 Mixing example when multiple transmission is not perfo:‘med

When Mixing is performed with the Existing Signaling, in order to provide the most recent
synchronization for the pagers, a minimum number of Frames can_be transmitted once every
minute or once every 4 minutes in case of shared channel (i.e., 2 Frames when the system
Collapse value = 1, 4 Frames when system Collapse value = 2, etc.).

-1 min. or less -
b o
E Existing Signaling E
System Collapse value is set to 0 (Pager decodes all Frame)
1 min. or less:
@ w o e
g E Existing Signaling E
A

Sysiem Collapse value is set to 1 (Pager decodes on every 2nd Frames)

Fig.7.1.1-1 : Example of Mixing for Existing Signaling (In cases, 1 min. or less)
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7.1.2 Mixing example when multiple transmission is used

When Mixing is performed with the Existing Signaling for multiple transmission, rules on
Frame structure must accord with Section 3.4.2 and the System Collapse value must be set in
accordance with the Frame transmission interval.

In addition, during Mixing, pagers which correspond to Frames that are not transmitted must

not be assigned.

Also note that even when multiple transmission is not used, the method described above can

still be used.

Frame transmission interval is 30 sec.

Frame transmission interval is 1 min.
Frame transmission interval is 4 min.

System Collapse value = 4
System Collapse value = 5
System Collapse value = 7

1 minute
01 Existing Signaling 32 133
- Frame Frame
Example :
Frame wransmission interval = 1 minute
No. of Frames transmitted = 2 Frames

System Collapse value

5

Existing Signaling

Also, Frames 2 ~ 31, 34 ~ 63, 66~ 95, 98 ~ 127 cannot be allocated.

Fig. _7i1.2-1 : Example of Mixing for multiple transmission
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7.2 Mixing example with POCSAG signaling

7.2.1 Mixing example with 512bps POCSAG signaling .

In order to activate the 512bps POCSAG signaling, a 750bps 1, O pattern must proceed the
576-bit preamble signal by at least 400 ms. Next, following the preamble signal, the batches
which occupy the required number of POCSAG signaling are sent. ‘

Fig. 7.2.1-1 below is an example of Mixing with the 512bps POCSAG signal.

< 1 minute -
10
Frames pre- | batch | batch patch | batch batch Frames
a~N P el m oo @ | (1~N)
TsaepsfOle] 0 | @ |® | @ ®
: >1400 € POCSAG < —
1.875 sec. x N s signaling 1.875 sec. x N

Fig. 7.2.1-1 : Example of Mixing with the ‘312&)3}3 POCSAG signa!itig

Example of Mixing, for transmissions at one Frame per minute, the following is obtained (in
this case, the maximum values have been calculated without considering delay on signaling
switching on the transmitter side) : - o

POCSAG 57.5 sec. = 2 preambies (1.125 sec.) + 52 batches (1.0625 sec.)
1 Frame 1.875 sec.

Total 59.375 sec.

7.2.2 Mixing example with 1260bps POCSAG signaling

In order to activate the 1200bps POCSAG signaling, a 750bps (Refer to Note below) 1, 0
pattern must proceed the 576-bit preamble signal by at least 200 ms. Next, following the
preamble signal, the batches which occupy the required number of POCSAG signaling are
sent. _ :
Fig. 7.2.2-1 below is an example of Mixing with the 1200bps POCSAG signaling.

Note : There are cases when 1500bps is used, depending on the country or region.
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1 minute : : B
10
Frames pre- |batch { batch {patch |baich batch Frames
~N) P e olale |lw| T m A~N)
750bps
Note)
a 1200 [ POCSAG > ‘ B
1.875 sec. x N s signaling 1.875sec. x N

Note : There are cases when 1500bps is used, depending on the country or region.
Fig. 7.2.2-1 : Example of Mixing with 1200bps POCSAG signaling
Example of Mixing, for transmissions at one Frame per minute, the following is obtained (in
this case, the maximum values have been calculated without considering delay on signaling

switching on the transmitter side):

POCSAG  55.84 sec. = 3 preambles (0.48 sec.) + 120 batches (0.4533. sec.)
I Frame . 1.875 sec. e o :

Total 57.715 sec.

7.3 Multi-area/Roaming while Mixing

Refer to Chapter 6 “Multi-area/Roaming” for Frame placement rules.
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Chapter 8 Supplementary Services

This chapter lays down the regulations governing the supplementary services provided
through this system. :

8.1 Priority Call service
(1) Overview
A Priority Call service is the service which gives certain pagers priority over other pages.
(2) Method of providing the service
a. The Address designated for a Priority Call is positioned at the top of the Address
Field to give it priority over other pages, and then is transmitted (refer to Section

3.8.1 (6)).

' b. Block Information Word 1 indicates the number of words constituting a Priority
Address in the Address Field (refer to Section 3.7.1) .

8.2 Group Call service

(1) Overview
With Group Call service, pagers are classified into groups and a common message is
transmitted to the pagers within the pertinent groups. This service enables the Subscriber
Information service (Refer to Section 8.9) to be provided.

(2) Method of providing the service
Refer to Chapter 5 “Group messages.”

8.3 Multi-area/Roaming service

(1) Overview

On the user end, Multi-area/Roaming service enables pagers which have roamed into
areas outside of their Home area to receive paging messages through registering the areas.

(2) Method of providing the service

Refer to Chapter 6 “Multi-area/Roaming.”
8.4 Message Numbering service
(1) Overview

A Message Numbering Service is the service which adds messagé numbers to paées.from
the Infrastructure facility for each address separately.

*(2) Method of providing the service
(a) The types of messages for the Message Numbering Service are Short Message

Vector (V(010) and t(lO)) (refer to Section 3.9.2),Numbered Numeric Message (refer
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to Section 3.10.1.1),HEX/Binary Message (refer to Section 3.10.1.2) and
Alphanumeric Message (refer to Section 3.10.1.3).

(b) Regarding the method to provide the Message Numbenng Service, refer to the
Message Number (N) for the messages types above.

(c) The Message Numbering service can not be provided for Secure Messages.
8.5 Source Indication service
(1) Overview

A Source Indication service is the service which transmits 8 types of Short Messages for
identifying the Calling party.

{2) Method of providing the service

Information of the Source Ind;canon serv1ce is transmltted by a Short Message Vector
(refer to Section 3.9.2).

8.6 Special Format service
(1) Overview

A Special Format service is the service which converts the transmitted Numemc Message
mto the format spemfied in the ID-ROM of the pager

(2) Method of pr0v1dmg the service

a. The information is sent by the Special Format Numeric Message (Section 3,10.1.1,1)
which is designated by the Special Format Numeric Vector (Secuon 3 9.1).

b. On the pager side, for example, spaces, dashes, etc., are mserted into rece:ved
message as specified by the ID-ROM of the pager. ' _ : e

8.7 Short Message service
(D Overview ;

A Short Message service is the service Wthh transmits Short Numenc Messages of 3-
digits (for Short Addresses) or 8-digits (for Long Addresses).

(2) Method of providing the service

The information for Short Numeric Messages is transmitted by the Short Message Vector
(refer to Section 3.9.2).

"~ 8.8 Real-time clock maintenance service
(1) Overview

A Real-time clock maintenance service is the service which adjustes the time of the clock
for the pager according to the Time mformanon sent from the Infrastructure facilities.
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(2) Method of providing the service
Refer to Section 3.7.2 .

8.9 Subscriber Information service |

(1) Overview

A Subscriber Information service is the service which allows the pager to receive various
information messages.

(2) Method of providing the service

Refer to Chapter 5 “Group messages™ for sending information messages to pagers within
a certain group.
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Chapter 9 Compatibility with Other Protocol |

Excluding the country specific portions of the respective specifications, the FLEX-TD Radio
Paging System specification defined by this Standard is compatible from a protocol
standpoint with “FLEX™ Protocol Specification and FLEX™ Encoding and Decoding
Requirements”.

FLEX™ Protocol has been confirmed by PCIA* as meeting all technical and operational
requirements for high speed paging codes. “FLEX™ Protocol Specification and FLEX™
Encoding and Decoding Requirements” are attached as the Reference Document.

* The PCIA (Personal Communications Industry Association) is the U.S. Association of

Service Providers which is the recognized standardization body for paging-related
standards and protocols in the U.S. market.
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Chapter 10 Measurement Methods

This chapter describes the methods used for measuring the receiver characteristics of pagers.
The measurement methods described here shall comply with IEC489-6. The number of

transmission specified in each of the following sections accords with the deﬁmtion given in
Sections 3.4.2 and 3 6.

Also, in instances when the signaling speed is 3200 bps or 6400bps, in phases (except those
being subject to measurement) the paging signal is transmitted at the same timing as the
SCTS. The addresses for such paging signals are chosen so as to have an equal number of
information bits 1 and 0 (for example, as with a repeated 1,0-bit pattern). Also, the numeric
code for such messages shall be continuous 5’s as shown in Table 3.10.2.1-1.

10.1 Built-in antenna type pager

10.1.1 Receiver sensitivity

10.1.1.1 Reference sensitivity (test site measurement)

(1) Measuring system diagram

¥
Test signal | RFsignal T UUT
generator generator ‘ (built-in
antenna type)

(2) Test equipments Conditions

a. Generate NRZ signals which comply with the specified signaling format using the
test signal generator and transmit addresses, vectors, messages (standard coded test
signal hereinafter referred to as “SCTS") of the unit under test. Note that transmission
at this point must be single transmission. An SCTS message field must be structured
of 2 words. In the case of Tone-Only pagers, no messages are transmitted. (In the

case of Tone-Only pagers utilizing the Tone-Only Address, neither vectors or
messages are transmitted.)

b. The output signal from the RF signal generator must meet the base station transmitter
requuements spemﬁed in Secuon 2.1.
- ¢. For measurements of the built-in antenna type pager. Open s1te or a RF anechoic
chamber must be used. _
The open site must comply with IEC 489-6 Appendix E. Note, however,

measurements must be performed at an antenna height which is not affected by the
height pattern.

The anechoic chamber shall be a 6-sided anechoic chamber. However, when 5-sided
anechoic chamber is used, measurements must be performed at an antenna height
which is not affected by the height pattern

d. Reference sensitivity for' On- -Body type pagers must be front sensitivity and the
- “Salty” which complies with IEC 489-6 Appendix-H must be used as simulated man
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€,

test device.

Reference sensitivity for other types of pagers must be set at maximum directivity
under the normal usage conditions.

(3) Conditions for the UUT (Unit Under Test)

Set a pager under test to a test frequency.

(4) Test procedure

a.

b.

f.

Set the center frequency of the RF signal generator to the test frequency.

Set the electric field strength to a value where the page success rate decreases to
approx. 50%.

Increase electric field strength with 2-dB steps until SCTS can be decoded three times
consecutively.

Record the electric field strength value when the SCTS was decoded three times
consecutively for the first time.

Next, decrease the electric field strength by 1dB, then record this value.

.. Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be

decoded, increase the electric field strength by 1dB and record this value.

When all of the 1st, 2nd and 3rd SCTS can be decoded, decrease the electric field
strength by 1dB, then record this value.

Repeat the procedure in step ¢) above until the no. of recorded values reaches 20.

The avezage value of all the recorded values is the reference sensitivity.

10. 1 1.2 Reference sensitivity (Radlo Frequency Coupling Devnce Measuremem)

(1) Measunng system dlagram

e o

- L i
Test signal RF signal E ’ ‘ (bU.liJ;I: ' ;
enerator x uilt-in '
_8 . 1 ‘ gegerator E antenna type) 5
fenmmsmeemsmesesesooions ——— i

RECD*

- * RFCD : Radio Frequency Coupling Device

(2) - Test equipments Condition

a.

Generate NRZ signals which comply with the signaling format from the test signal
generator and transmit the SCTS to the UUT. Transmissions at this point is single
transmission. The SCTS message field must be structured of 2 words. However, In
case of Tone-Only pagers, no messages are transmitted. (In case of Tone-Only pagers
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utilizing the Tone-Only Address, neither vectors or messages are transmitted.)

b. The output signal from the RF signal generator must meet the base station transmitter
requirements specified in Section 2.1. :

¢. Correlate the RFCD at the frequency to be measured using the pager (the same type
as the UUT) which was used for measuring reference sensitivity in Section 10.1.1.1.

(3) Conditions for the UUT

Set a pager under test to a test frequency.
(4) Test procedure

The measuring procedure must accord with Section 10.1.1.1 (4).
10.1.1.3 Sensitivity under fading condition

(1) Measuring system diagram

P <\ Y UUT :
Test signal RF signal Rayleigh fading : (buili-in E
generator [ |  generator simulator : antenna type) | !
boercmemmmnncnssm e s i

RFCD

(2) Test equipments conditions
a. Transmit the SCTS from the test signal generator. The number of transmission must
be two. The SCTS message field must be structured of 2 words. However, In case of
Tone-Only pagers, no messages are transmitted. (In case of Tone-Only pagers
utilizing the Tone-Only Address, neither vectors or messages are transmitted.)

b. The output signal from the RF signal generator must meet the base station transmitter
requirements specified in Section 2.1. '

¢. Use a fading simulator which complies with IEC Pub. 489-6 Appendix C with
Rayleigh fading of a maximum Doppler frequency of 1 Hz. '

d. For the measurement environment, use the RFCD which is correlated by using the
pager used for measurement for reference sensitivity in Section 10.1.1.1.

(3) Conditions for UUT
Set a pager under test to a test frequency.
(4) Test procedure
a. Set the center frequency of the RF signal generator to the test frequency.

b. Set the electric field strength to a value wheré the page success rate decreases to
approx. 50%. ‘
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£.

Increase the electric field strength with 2-dB steps until SCTS can be decoded three
times consecutively for the first time.

Record the electric field strength when the SCTS can be deccded 3 times
consecutively.

Next, decrease the electric field strength by 1dB and record this value.

Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be
decoded, increase the electric field strength by 1dB and record this value.

When all of the 1st, 2nd and 3rd SCTS can be decoded, decrease the electric field
strength by 1dB, then record this value.

Repeat the procedure in step ) above until the no. of recorded values reaches 40.

The average value of all the recorded values is the sensitivity under fading condition.

10.1.2 Adjacent channel selectivity

(1) Measuring system diagram

Pattern RF signal

generator generator 2
B vt | |
e | [ | [ ][ [T ||
generator generator 1 co_uphpg I nna type)|
circuit : ;
B ot ot o o o e W A e B

RFCD

(2) Test equipments conditions

a.

Transmit SCTS from the test signal generator. Transmission at this point is single
transmission. The SCTS message field must be structured of 2 words. However, In
case of Tone-Only pagers, no messages are transmitted. (In case of Tone-Only pagers
utilizing the Tone-Only Address, neither vectors or messages are transmitted.)

b. Transmit a binary pseudo noise series signal (ITU-T 0.151) having a coding length of

C.

d.

32,767 bits continuously from the pattern generator.

The output signals from the RF signal generators 1 and 2 must meet the base station
transmitter requirements specified in Section 2.1.

RF signal generator 2 is modulated at 3200 bps/2FSK.

As measurement environment use the RFCD correlated by the pager which was used
for measuring reference sensitivity in Section 10.1.1.1.
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(3) Conditions for UUT

“)

Set a pager under test to a test Frequency.

=

Test procedure

a. Set the center frequency of RF signal generator 1 to the test frequency (fw).

b. Measure and record reference sensitivity without interference signal from RF signal
generator 2.

¢. Set the signal level of signal generator 1 to (reference sensitivity + 3dB).

d. Set the center frequency of RF signal generator 2 to the specified frequency. (set the
center frequency to fw+25kHz or fw-25kHz respectively and perform steps ) thru g)
below.)

e. Set the signal level of RF signal generator 2 to a value where the page success rate
decreases approx. 50%.

f. Transmit SCTS repeatedly and decrease the signal level of RF generator 2 with 2-dB
steps until SCTS can be decoded three times consecutively.

Record the signal level when the SCTS is decoded three times consecutively for the
first time.

Next, increase the signal level of RF signal generator 2 by 1dB and record the signal
level at this point.

g. Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS couid not be
decoded, decrease the signal level for RF signal generator 2 by 1dB and record this
value.

When all of the Ist, 2nd and 3rd SCTS can be decoded, increase the signal level of
RF signal generator 2 by 1dB and record the signal level at this point.
Repeat the procedure in step g) above until the no. of recorded values reaches 40.

. Obtain the ratio in dB unit between the average value (interference level) of all the

signal levels recorded against the reference sens1t1v1ty and defmes as adjacent
channel selectivity. .
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10.1.3 Intermodulation characteristics

(1) Measuring system diagram

Pattern RF signal
generator 1 generator 2
or | ¢
. Matching- ; (built-in :
Test signal RF signal . H :
couping ; antenna type) :
generator generator 1 circuit 5 E
L e L L L T T T T R A
RFECD
Pattern RF signal
genél‘at()r 2 generator 3

(2) Test equipment conditions

a. Transmit SCTS from the test signal generator. Transmission at this point is single
transmission.

The SCTS message ficld must be structured of 2 words. However, in case of Tone-
Only pagers, no messages are transmitted. (In case of Tone-Only pagers utilizing the
Tone-Only Address, neither vectors or messages are transmitted.)

b. Transmit a binary pseudo noise series signal (ITU-T 0.151) having a coding length of
32,767 bits continuously from the pattern generators. Also, set pattern generators 1
and 2 so that the respective pattern generators have different phase.

c. The output signals from the RF signal generators 1,2 and 3 must meet the base
station transmitter requuements specified in Section 2.1.

RF signal generator 2 and 3 are modulated at 3200 bps/2FSK.

d. As measurement environment use the RFCD correlated by the pager which was used
for measuring reference sensitivity in Section 10.1.1.1.

(3) Conditions for UUT
Set a pager under test to a test frequency.
(4) Test procedure
a. Set the center frequency of RF signal generator 1 to the test frequency (fw) and set
the signal level for RF signal generator 1 (desired signal) so that the electric field
strength at the location of the UUT is 50dBuV/m.

b.. Set RF signal generators 2 and 3 to the specified frequency.
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(In case of 3rd-order intermodulation, set the signal generators to the frequency listed
in Table 10.1.3-1 and perform the procedures in steps ¢) thru g). In case of 2nd-order
intermodulation for direct-conversion type pagers, set the signal generators to the
frequency listed in Table 10.1.3-2 and perform the procedures in steps ¢) thru g).

Table 10.1.3-1 : Set frequencies for 3rd-order Intermodulation

Item no. Combination of frequencies
1 fw -50kHz ‘ fw -100kHz
2 fw +50kHz fw +100kHz

Table 10.1.3-2 : Set frequencies for 2nd-order Intermodulation

Item no. Combination of frequencies
1 fw -50kHz fw +50kHz
2 fw -50kHz 2w -50kHz
3 fw +50kHz 2fw +50kHz

Set the signal level of RF signal generators 2 and 3 to a value where the page success
rate decreases approx. 50%.

. Transmit SCTS repeatedly and decrease the signal level of RF generators 2 and 3
with 2-dB steps until SCTS can be decoded three times consecutively.

Record the signal level when the SCTS is decoded three times consecutively for the
first time.

. Next, increase the signal level of RF signal generators 2 and 3 by 1dB and record the
signal level at this point.

Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be
decoded, decrease the signal level of RF signal generators 2 and 3 by 1dB and record
this value.

When all of the 1st, 2nd and 3rd SCTS can be decoded, increase the signal level of
RF signal generators 2 and 3 by 1dB and record the signal level at this point.

Repeat the procedure in step f) above until the no. of recorded values reaches 40.
. Obtain the ratio in dB unit between the average value (interference level) of all the

signal levels recorded against the reference sensitivity and defines as intermodulation
characteristics.
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19.1.4 Spurious response

(1) Measuring system diagram

2

3)

C)

Pattern RF signal
generator ‘| generator 2
P\ Y uuT
Test signal REF signal Af:;;l;iﬁg : (built-in ) :
- antenna :
generator generator 1 circuit : pe :
SN i
RFCD

Test equipments conditions

a.

Transmit SCTS from the test signal generator. Transmissions at this point is single
transmission. The SCTS message field must be structured of 2 words. However, In
case of Tone-Only pagers, no messages are transmitted. (In case of Tone-Only pagers
utilizing the Tone-Only Address, neither vectors or messages are transmitted.)

Transmit a binary pseudo noise series signal (ITU-T 0.151) having a coding length of
32,767 bits continuously from the pattern generators.

The output signals of the RF signal generators 1 and 2 must meet the base station
transmitter requirements specified in Section 2.1.

RF signal generator 2 is modulated at 3200 bps/2FSK.

As measurement environment, use the RFCD correlated by the pager which was used
for measuring reference sensitivity in Section 10.1.1.1 ‘

Conditions for UUT

Set a pager under test to a test frequency.

Test procedure

a. Set the center frequency of RF signal generator 1 to the test frequency (fw).

b. Measure and record reference sensitivity without interference signal from RF Signal
generator 2. ‘

¢. Set the signal level of RF signal generator 1 to (reference sensitivity + 3dB).

d. Set the signal level of RF signal generator 2 to the specified frequency. (spurious
reception frequency ©.)

e. Set the signal level of RF signal generator 2 to a value where the page success rate
decreases approx. 50%.

f. Transmit SCTS repeatedly and decrease the signal level of RF generator 2 with 2-dB
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steps until SCTS can be decoded three times consecutively. -

Record the signal level when the SCTS is decoded three times consecutively for the
first time.

g. Next, increase the signal level of RF signal generator 2 by 1dB and record the signal
level at this point.

h, Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be

decoded, decrease the signal level of RF signal generator 2 by 1dB and record this
value.

When all of the 1st, 2nd and 3rd SCTS can be decoded, increase the signal level of
RF signal generators 2 by 1dB and record the signal level at this point.

Repeat step h) above until the No. of recorded values reaches 40.

i. Obtain the ratio between the average value (interference level) of all the signal levels
recorded against the reference sensitivity in dB unit and defines as spurious response.

(*y As one of a method for setting the spurious reception frequency, obtain the IF
frequency for the UUT using a measuring receiver which is capable of receiving
IF frequency to detect the spurious reception frequency.
10.1.5 Limitation of spurious emission

(1) Measuring system diagram

UUT
(built-in T T

antenna type)
l Refereﬁoe antenna
{1/2 )\ dipole)

(2) Test equipments conditions

, Spec&um
analyzer

RF signal
generator 1

a. Use an open site or an anechoic chamber equivalent to the open site.

The open site must comply with IEC489-6 Appendix K dr L.
b. The measurement antenna height must be variable within 1 to 4 m from the ground..
¢. The reference antenna height must be 1.5m from the ground.

d. Place the UUT on the turntable and set the height at 1. Sm to the bottom from the
' ground.
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c.

The distance between the UUT and the reference antenna must be 3m.

(3) Conditions for UUT

-

b.

Set a pager under test to a test frequency.

Set the reception mode for continuous reception.

(4) Test procedure

a.

Place the UUT on the turntable and search for the spectrum required for testing
conducted spurious emission.

Use the spectrum analyzer to measure the power for each spectrum searched in a)
above. During this measurement, turn the turntable and vary the measurement
antenna height within a range of 1 to 4m and switch the polarization piane vertically
and horizontally, then record the maximum value.

Replace the UUT with the reference antenna which is fed by the RF signal generator.

Set the output for the RF signal generator to 4000upuW (-54dBm). However, the
actual output value must be a value added with the reference antenna gain and cable
loss calibration.

Set the RF signal generator frequency to the conducted spurious emission from the
UUT.

Measure the spurious emission from the reference antenna using the spectrum
analyzer. During this measurement, vary the measurement antenna height within a
range of 1 to 4m and change the polarization plane vertically and horizontally, then
record the maximum value.

Compare the value recorded in step b) to the value recorded in step f) for rating
whether it is satisfactory or not.

10.2 Pager with antenna terminal

10.2.1 Receiver sensitivity

10.2.1.1 Reference sensitivity

(1) Measuring system diagram

Test signai RF signal ) uut
enerator (with antenna
g generator terminal)

(2) Test equipments Conditions

a.

Generate an NRZ signal which complies with the specified signaling format using the
fest signal generator and transmit addresses, vectors, messages (SCTS) of the UUT.
Note that transmission at this point must be single transmission. An SCTS message
field must be structured of 2 words. In case of Tone-Only pagers, no messages are

120



RCR STD-43A

transmitted. {In case of Tone-Only pagers utilizing the Tone-Only Address, neither
vectors or messages are transmitted.)

The output signals from the RF signal generator must meet the base station
transmitter requirements specified in Section 2.1.

(3) Conditions for UUT

a.

Set a pager under test to a test frequency.

(4) Test procedure

a.

b.

g-

Set the center frequency of the RF signal generator to the test frequency.
Set the signal level to a point where the page success decreases to approx. 50%.

Increase the signal level with 2-dB steps until SCTS can be decoded three times
consecutively.

Record the signal level after the SCTS was decoded three times consecutively.

Next, decrease the signal level by 1dB, then record this value.

Transmit the SCTS repeatedly and if any of the Ist, 2nd or 3rd SCTS could not be
decoded, increase the signal level by 1dB and record this value. When all of the 1st,
2nd and 3rd SCTS can be decoded, decrease the signal level by 1dB, then record this
value.

Repeat the procedure in step f) above until the no. of recorded values reaches 20.

The average value of all the recorded values is the reference sensitivity.

10.2.1.2 Sensitivity under fading condition

(1) Measuring system diagram

Testsignal | | RFsignal Rayleigh fading sth
generator generator simulator (wi antenna
terminal)

(2) Test equipments conditions

a.

Transmit the SCTS from the test signal generator. The number of transmission must
be two. . The SCTS message field must be structured of 2 words. However, In case of
Tone-Only pagers, no messages are transmitted. (In case of Tone-Only pagers
utilizing the Tone-Only Address, neither vectors or messages are transmitted.)

The output signals from the RF signal generator must meet the base station
transmitter requirements specified in Section 2.1.

Use a fading simulator which accord with IEC Pub. 489-6 Appefldix C with Rayleigh

- fading at a maximum Doppler frequency of 1 Hz.
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(3) Conditions for UUT

a. Set a pager under test to a test frequency.

(4) Test procedure

a.

Set the center frequency of the RF signal generator to the test frequency.

b. Set the signal level to a value where the page success rate decreases to approx. 50%.

C.

Increase the signal level with 2-dB steps until SCTS can be decoded three times
consecutively for the first time.

Record the signal level when the SCTS can be decoded 3 times consecutively.

Next, decrease the signal level by 1dB and record this value,

Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be
decoded, increase the signal level by 1dB and record this value. When all of the Ist,
2nd and 3rd SCTS can be decoded, decrease the signal level by 1dB, then record this
value.

Repeat the procedure in step f) above until the no. of recorded values reaches 40.

g. The average value of all the recorded values is the sensitivity under fading condition.

10.2.2 Adjacent channel selectivity

(1) Measuring system diagram

Pattern RF signal
generator generator 2
. uuT
. M .
Test signal RF signal : cif}c;lil:gg (with antenna
generaor generator 1 cireit terminal)

(2) Test equipments conditions

a. Transmit SCTS from the test signal generator. Transmission at this point is single

transmission. The SCTS message field shall be 2 words. However, In case of Tone-
Only pagers, no messages are transmitted. (In case of Tone-Only pagers utilizing the
Tone-Only Address, neither vectors or messages are transmitted.)

Transmit a binary pseudo noise series signal (ITU-T 0.151) having a coding length of
32,767 bits continuously from the pattern generator. -

The output signals from the RF signal generators 1 and 2 must meet the base station

transmitter requirement specified in Section 2.1. RF signal generator 2 is modulated
at 3200 bps/2FSK
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(3) Conditions for UUT

a.

Set.a pager under test to a test frequency.

(4) Test procedure

a.

b.

Set the center frequency of RF signal generator 1 to the test frequency (fw).
Measure reference sensitivity without interference signal from RF signal generator 2.
Set the signal level of RF signal generator 1 to (reference sensitivity + 3dB).

Set the center frequency of RF signal generator 2 to the specified frequency level.
(set the center frequency to fw+25kHz or fw-25kHz respectively and perform steps e)
thru g) below.

Set the signal level of RF signal generator 2 to a value where the page success rate
decreases approx. 50%.

Transmit SCTS repeatedly and decrease the signal level of RF generator 2 with 2-dB
steps until SCTS can be decoded three times consecutively.

Record the signal level when the SCTS is decoded three times consecutively for the
first time. Next, increase the signal level of RF signal generator 2 by 1dB and record
the signal level at this point. '

Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be
decoded, decrease the signal level of RF signal generator 2 by 1dB and record this
value. _

When all of the 1st, 2nd and 3rd SCTS can be decoded, increase the signal level of
RF signal generator 2 by 1dB and record the signal level at this point.

Repeat the procedure in step g) above until the no. of recorded values reaches 40.

Obtain the ratio in dB unit between the average value (interference level) of all the
signal levels recorded against the reference sensitivity and defines as adjacent
channel selectivity.

16.2.3 Intermodulation characteristics

(1) Measuring system diagram

Pattern RE signal
generator 1 generator 2
Test signal RF signal _ Match.ing ‘ ' UUT
generator generator 1 coupling (with antenna
' circuit terminal)
i
Pattern RF signal
generator 2 generator 3
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(2) Test equipments conditions

a.

Transmit SCTS from the test signal generator. Transmissions at this point is single
transmission.

The SCTS message field must be structured of 2 words. However, in case of Tone-
Only pagers, no messages are transmitted. (In case of Tone-Only pagers utilizing the
Tone-Only Address, neither vectors or messages are transmitted.)

Transmit a binary pseudo noise series signal (ITU-T 0O.151) having a coding length of
32,767 bits continuously from the pattern generators. Also, set pattern generators 1 .
and 2 so that the respective pattern generators have a different phase.

The output signals from the RF signal generators 1, 2 and 3 must meet the base
station transmitter requirements specified in Section 2.1. RF signal generators 2 and 3
are modulated at 3200 bps/2FSk .

(3) Conditions for UUT

a.

Set a pager under test to0 a test frequency.

(4) Test procedure

a.

Set the center frequency of RF signal generator 1 to the test frequency (fw) and set
the signal level of RF signal generator 1 (desired signal) so that the signal level at the
location of the UUT is 40dBuV.

Set RF signal generators 2 and 3 to the specified frequency.

(In case of 3rd-order intermodulation, set the signal generators to the frequency listed
in Table 10.1.3-1 and perform the procedures in steps ¢) thru g). In case of 2-order
intermodulation for direct-conversion type pagers, set the signal generators to the
frequency listed in Table 10.1.3-2 and perform the procedures in steps c) thru g).

Set the signal Ievel of RF signal generators 2 and 3 to a value where the page sucess
rate decreases approx. 50%.

Transmit SCTS repeatedly and decrease the signal level of RF generators 2 and 3
with 2-dB steps until SCTS can be decoded three times consecutively. Record the
signal level when the SCTS is decoded three times consecutively for the first time.

Next, increase the signal level of RF sxgnal generators 2 and 3 by 1dB and record the
signal level at this point.

Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS cannot be
decoded, decrease the signal level of RF signal generators 2 and 3 by 1dB and record
this value. When all of the 1st, 2nd and 3rd SCTS can be decoded, increase the signal
level of RF signal generators 2 and 3 by 1dB and record the signal level at this point,

Repeat step f) above until the no. of recorded values reaches 40.
Obtain the ratio in dB unit between the average value (interference level) of ail the

signal levels recorded against the reference sensitivity and defines as intermodulation
characteristics.

124



RCR STD-43A

10.2.4 Spuriocus response

(1) Measuring system diagram

Pattern RF signat
generator generator 2
Test signal RF signal Matching- (with antenna
generator generator 1 [ |  coupling terminal)
circuit

(2) Test equipments conditions

a.

SCTS from the test signal generator. Transmission at this point is single transmission.

The SCTS message field must be structured of 2 words. However, in case of Tone-
Only pagers, no messages are transmitted. (In case of Tone-Only pagers utilizing the
Tone-Only Address, neither vectors or messages are transmitted.)

Transmit a binary pseudo noise series signal (ITU-T 0.151) having a coding length of
32,767 bits continuously from the pattern generators.

The output signals from the RF signal generators 1 and 2 must meet the base station
transmitter requirements specified in Section 2.1. RF signal generator 2 is modulated
at 3200 bps/2FSK.

(3) Conditions for UUT

a.

Set a pager under test to a test frequency.

(4) Test procedure

a.

b.

Set the center frequency of RF signal generator 1 to the test frequency (fw).
Measure reference sensitivity without interference signal from RF signal generator 2.
Set the desired signal level of RF signél generator 1 to (reference sensitivity + 3dB).

Set the signal of RF signal generator 2 to the specified frequency (spurious reception
frequency ©.)

Set the signal level of RF signal generator 2 to a value where the page success rate
decreases approx. 50%.

Transmit SCTS repeatedly and decrease the signal level of RF generator 2 with 2-dB
steps until SCTS can be decoded three times consecutively. ‘

Record the signal level when the SCTS is decoded three times consecutively for the
first time.
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Next, increase the signal level of RF signal generator 2 by 1dB and record the signal
level at this point.

h, Transmit the SCTS repeatedly and if any of the 1st, 2nd or 3rd SCTS could not be
decoded, decrease the signal level of RF signal generator 2 by 1dB and record this
value.

When all of the ist, 2nd and 3rd SCTS can be decoded, increase the signal level of
RF signal generators 2 by 1dB and record the signal level at this point.

Repeat the procedure in step h) above until the no. of recorded values reaches 40.

i. Obtain the ratio in dB unit between the average value (interference level) of all the
signal levels recorded against the reference sensitivity and defines as spurious
response,

(*) As one of a method for setting the spurious reception frequency, obtain the IF
frequency for the UUT using a measuring receiver which is capable of receiving
IF frequency and specify the spurious reception frequency.
10.2.5 Limitation of spurious emission

(1) Measuring system diagram

uuT
(built-in
antenna terminal)

Spectrum
analyzer

{2) Test equipments conditions
a. Settings for the spectrum analyzer
Sweep range : OHz
Resolution bandwidth : Approx. 100kHz
Y-axis scale : 10dB/div.
Input level : Maximum amplitude must be 70 to 90% of the full scale
Sweep mode . Single sweep

Sweep trigger : Video trigger. Generally positive voltage but adjustments
required. ‘ :

Sweep time : Approx. 20 msec.
Detection mode : Sample mode
(3) Conditions for UUT
a. Seta pager under test to a test frequency.

b. Set the reception mode for continuous reception.
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(4) Test procedure
a. Search for the spectrum to be tested in the conducted spurious emitted from UUT.

b. Use the spectrum analyzer and measure the power for each spectrum searched in step
a) above.
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Chapter 11 Glossary of Terms

1. GPS (Global Positioning System) Time

GPS Time refers to the time based on the Atomic Time on the GPS satellite. This is
characterized by not requiring leap time adjustments, such as UTC (Universal Time
Coordinated).

2. NID (Network IDentification)

NID (Network ID) is the 1D used for identifying the pertinent network when a multiple
number of Simulcast Systems are connected together to form one roaming network.

3. RFCD (Radio Frequency Coupling Device)

RECD refers to radio frequency coupling devices which are used as tools (TEM cells, etc.)
for connection between a receiver with built-in antenna and the terminal of a measuring
instrument.

4. SSID (Simulcast System Identification)

SSID is the ID used for identifying the System (i.e. unit area where simulcast transmission is
performed along with an RF channel).

5. SCTS (Standard Coded Test Signal)

SCTS refers to a standard test signal which is encoded by the signaling format specified by
this Standard.

6. Coverage Zone

The Coverage Zone is one of the information elements composing the SSID. Up to 32
systems can be identified for each LID.

7. Collapse cycle

Ore of the 128 Frames is preassigned to the address of each pager. Accordingly, if a the pager
receives messages only in the preassigned Frame, it will receive only once every 128 Frames
(once every 4 minutes). With this assignment method, the battery saving ratio is maximized,
however, the paging delay is extended. Thus, when it is desirable to shorten the paging delay,
the pager receiving cycle can be changed.

8. Service Area Identifier

The Service Area Identifier is one of the information elements which composes the NID. Up
to 32 Service Areas can be identified by the Service Area Identifier in each combination of
Network Address and Multiplier.

9. Cycle

One Cycle is structured of 128 Frames; 15 Cycles running from Cycle 0 through Cycle 14 is
transmitted per hour.
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10. Subframe

A Frame is divided into multiple Subframes corresponding to the number of words decided
based on the number of transmissions. Accordingly, one Frame is divided into two Subframes
in case the number of transmissions equals to 2, into three Subframes in case the number of
transmissions equals to 3 and into four Subframes in case the number of transmissions equals
to 4. .

11. Signature

Signature is used for HEX/Binary Messages and Alphanumeric Messages. This is obtained
by specified binary calculation in relation to the entire message (including all fragments).

12, System event

A System event designates when a significant change has been made in the transmission
conditions for the infrastructure facilities, including a change of frequencies, the addition of
new frequencies, change of the Channel Set Up Instruction and so forth,

13. System Message

A System Message consists of information to be transmitted from a Infrastructure facility to
all pagers or to all roaming pagers and so forth.

14, Traffic Management Flag (TMF)

The Traffic Management Flag is one of the information elements composing the SSID or
NID. It can equally disperse traffic over a maximum of 4 channels in the same unit area.

15. Phase

A Frame is composed of a multiplexed 1600bps data stream. A Frame is non-multiplexed at
1600bps, 2-channel multiplexed at 3200bps and 4-channel multiplex at 6400bps. The
respective channel for a Frame is referred to as a "Phase.” ‘
16. Multiple transmission

The Infrastructure facility is allowed to select the number of transmissions ranging from
single thru four transmission for the same paging signal. Transmissions are performed at a
transmission repeating interval that corresponds to the Collapse cycle specified by the
Infrastructure facility.

17. Fragments

When transmitting a long message, the message can be divided into several sub-messages for
transmission. These sub-messages are called "Fragments."

18, Frame

One Frame is structured of 11 blocks for paging signal and includes a 115 ms Sync 31gnai
Frames are numbered from 0 thru 127.

19. Carry On

In pagers which receive a certain Frame according to the Collapse cycle, the term Cé.rry On
indicates that information to be transmitted only in the pertinent Frame will also be
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transmitted in the subsequent Frame(s). Carry On is not allowed during multiple
transmission.

20. Frame Information Word

A Frame Information Word is a 32-bit word that is placed in the sync signal for each Frame
and is transmitted using 1600bps 2FSK modulation. It includes such information as the Frame
number, the Cycle number and no. of times for transmissions.

21. Blocking Length
Blocking Length indicates the bits per character in HEX/Binary Messages.
22. Block

A block refers to an interieave unit of 160 ms. The number of BCH (32, 21) can be changed
from 8 words to 32 words, but the interleave length remains identical regardless of the
transmission speed.

23. Block Information Word

A Block Information Word is a word which is placed in the first block of each Frame (or
Subframe in case of multiple transmission). Block Information Word 1 indicates the
information required for the pager to receive messages, such as the number of Block
Information Words, the number of Priority addresses, the start of the Vector Field, the System
Collapse cycle value and so forth. Also, in cases when the Infrastructure facility supports
Multi-area Roaming, Block Information Word 2, 3, 4 are used to send information, such as
the Simulcast System ID (SSID) or Time related information and so forth, if necessary.

24, Home area
The Home area refers to the basic area the pager is registered in from among the areas in

~ which it receives Multi-area Roaming service. If no area change instruction is given by the
user, normally the Infrastructure facility assumes that the user is located in the Home area.
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Appendix A CAPCODE

1. CAPCODE

Addresses, Frame numbers, the Collapse cycles and phases are the parameters required to
page individual pagers. Also, from the standpoint of system operation, CAPCODE is used as
the unified method for handling all of these parameters together. CAPCODE is a term
designating either Short or Long Addresses. A Short Address (1 word) is indicated by a 7
decimal digit field and a Long Address (2 words) is indicated by a 9 decimal digit field
(however, 10 decimal digit field can be used for Long Addresses which are combinations of
Long Addresses Set 1-3, 1-4, 2-3). Also, when information indicated by alphabetical
characters is attached to a 7-digit or 9-digit address field, such information is used to indicate
the CAPCODE type.

“Extended CAPCODE” is used to attach information which indicates functions used 1o
facilitate a pager’s Roaming .

A 10 decimal digit field is used in the Address Field for an Extended CAPCODE, regardless
of whether the address is a Short Address or Long Address.

For roaming inside Japan, either Short or Long Addresses are used.
For International roaming, however, use of Long' Addresses is desirable.

The different combinations of CAPCODE forms are given below :

Short Address Long Address Extended CAPCODE

1) fffbU1234567 fifbU123456789 RIffoU1234567890
2) U1234567 U123456789 RU1234567890
3 bA 1234567 bA 123456789 RbA 1234567890
4) A1234567 A123456789 RA1234567890
fff : The Frame number assigned to the address (0~ 127)

b . pager Collapse cycle ©~7

U~7Z : Indicates that the information which is attached to the CAPCODE (ff{b)is
required. In some cases, this information is omitted. In such instances, the Frame
number and the pager Collapse cycle depend on information memorized on the
Infrastructure facility side and in the pager.

A~I  : Indicates that the Frame number and phase-related information are included in
the number field which indicates the address field. When b is not attached, a
Collapse value of 4 (at 16-Frame intervals) is used as the pager’s Collapse
cycle value.

P.Q,R,S: 2nd alpha character information

Indicates the following information related roaming capabilities of the pager unit
is inciuded in the alphabet field :
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Frame Offset capable (1: Yes; 0:No)
‘ l—— Function which can follow TMF on system side (1 : Yes 0:No)

P:00 Types not having roaming functions or Frame Offset; or not having a
TMF function

Q: 01 Types not having a Frame Offset function, but which are capable of
following TMF information on the system side.

R:10 Types capable of following Frame offset information for Block
Information Word (BIW101) and not having a TMF function

S: 11 Types capable of following Frame Offset information for Block
Information Word (BIW101) and also following TMF information on
the system side

2. Scope of CAPCODE address

In cases where the CAPCODE address indicates decimal numbefs, for Short Addresses or 1-
word addresses, number configuration from 1 thru 2,031,614 are used; for Long Addresses,
number configurations from 2,101,249 or higher are used.

3, Standard rules for embedding Frames and phases

Ordinarily from a system standpoint, it is highly desirable that pagers are distributed over 4
phases in each 128 frame. When distribution of Frames and phases begins, the address
assignment sequence is performed automatically by inserting the information into 7, 9 or 10-
digit decimal number CAPCODEs.

The standard method for extracting Frames and phases is to first convert 7, 9 and 10-digit
decimal numbers into binary. With “bit 0” as the LSB, 00, 01, 10 and 11 which follow “bits
2 and 3” define phase 0, phase 1, phase 2 and phase 3, respectively. In addition, “bits 4 ~ 10”
are assigned in order from Frame 000 thru Frame 127.

The pager will follow TMF, bit 0 and bit 1 represent which of the TMF.

Also, as a method for extracting Frames and phases, 7, 9 and 10-digit decimal number
addresses are calculated by modulo arithmetic (basel0), :

thus :

. Phase = modulo 4 (INT [address/4])
Frame = modulo 128 (INT [address/16])

This definition is characterized in that when Addresses are assigned in sequential order,
Phases are increased for each 4 consecutive Addresses, while Frames are increased for each
16 Address assignments.
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Rules for assigning Frame and Phase to addresses (for Short Addresses)

Example :In the case, 1,020,927 (Decimal)

Binary 0111110010011 11111111

IR

represent

Frame number
(Frame 000-127)

Phase 0(a)=00
Phase 1(b)=01
Phase 2(c)=10
Phase 3(d)=11

Table A-1 : Range of CAPCODE Address

CAPCODE address Description
000 000 000 | Unused
000 000 001 001 933 312 | Short Address
001 933 313 001 998 848 | Illegal
001 998 349 002 009 087 | Reserved for future use
002 009 088 002 025 471 | Information Service Address
002 025 472 002 029 567 | Network Address
002 029 568 002 029 583 | Temporary Address
002 029 534 002 029 599 { Operator Messaging Address
002 029 600 002 031 614 | Reserved for future use
002 031 615 002 101 248 | Unused
002 101 249 102 101 250 | Long Address 1-2 (100M Uncoordinated)
002 101 251 402 101 250 | Long Address 1-2 (300M By Country)
402 101 251 1075843072 | Long Address 1-2 (675M Global)

1075843073
2 149 584 897
3223326721
3923326751
4280 000 001
4 285 000 001
4290 000 001

4291 000 001

2149 584 896
3223326720
3923 326 750
4 280 000 000
4 285 000 000
4 290 000 000
4291 000 000

4 297 068 542

4 297 068 543 or over

Long Address 1-3 (1,074M Global)

Long Address 1-4 (1,074M Global)

Long Address 2-3 (700M By Country)

Long Address 2-3 (357M Reserved)

Info.Svc.Adr.,Long Adr. 2-3 (5M Global)

Info.Svc.Adr.,Long Adr. 2-3 (SM By Country)

Info.Svc.Adr.,Long Adr. 2-3 (1M Per Country
for World Wide Use)

Info.Svc.Adr.,Long Adr. 2-3 (6M Reserved)

Reserved for future Use (Not Defined and

Reserved)

Note 1) Global : Address is coordinated to be unique world-wide.

Note 2) By Country : Administrated within each Country or Region (can be reused within
each country or Region.)

Note 3) Country for World-Wide Use: 1000 addresses are assigned to each Country
Code. For example, in the case of Japan, as the Country Code is "440".
4,290,440,001 through 4,290,441,000 are assigned.

corresponding to Country Code
Note 4) Reserved : Reserved for future Use.
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4. Definition for alphabet characters attached to CAPCODE

The alphabetical prefix indicates the type of a pager for which an Address is assigned among
Single Phase, Any Phase and All Phase. It also indicates the 1st, 2nd, 3rd or 4th Addresses for
a pager which has multiple Addresses when these Addresses comply with the standard rules
in the following table, and defines the standard for determining which Address is to be
assigned to which Frame and which Phase.

“A” indicates a pager with Single Phase for which the standard rules for deciding Phase and
Frame is applied. “B” is almost identical with “A”, except that “1” is subtracted from the
CAPCODE before the standards rule is applied. In the same manner “C” and “D” respectively
indicate that “2” and “3" are subtracted from the CAPCODE.

“E” thru “H” and “I” thru “L” indicate Any phase and All phase pagers respectively. By
changing the method of subtraction, all the Addresses for a pager having multiple Addresses
are assigned to the same Frame.

If the standards rule is not defined, “U” thru “X” indicate Single Phase pagers, and Phases 0
thru 3 are assigned to indicate the Frame and the pager Collapse cycle. “Y” and “Z” are for
Any or All Phase pagers having Addresses which are not standard.

Standard Rule No Rules (Non-Standard Form)
A- Single Phase Subtract 0 U- Single phase, Phase 0
B- Single Phase Subtract 1 V- Single phase, Phase 1
C- Single Phase Subtract 2 W- Single phase, Phase 2
D- Single Phase Subtract 3 X- Single phase, Phase 3
E- Any Phase Subtract 0 Y- Any Phase

F- Any Phase Subtract 1
G- Any Phase Subtract 2
H- Any Phase Subtract 3

I- All Phase Subtract O Z- All Phase
J- All Phase Subtract 1

K- All Phase Subtract 2
L- All Phase Subtract 3

5. Conversion from CAPCODE to a binary Address
5.1 Conversion from a short CAPCODE to a binary Address

To convert a Short Address CAPCODE into a binary address, 32,768 is added to a 7-digit
decimal CAPCODE (for example, CAPCODE: 0000001 is 32,769 in decimal and
CAPCODE :1,933,312 is 1,966,080 in decimal) This resultant number is then converted to a
21 binary number which becomes the information bits of the (31,21) BCH code word. (The
LSB calculated becomes the first bit on the channel followed by the remaining information
bits and the 10 parity bits.) The 32 overall every parity bit is added to make the 32 bit
Address code word.
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5.2 Conversion from a long CAPCODE to a binary Address
5.2.1 Long Address Set 1-2 (2,101,249 to 1,075,843,072)

To convert a Long Address CAPCODE into a binary Address, first 2,068,481 is subtracted
from a 9-digit decimal CAPCODE. Next, the subtraction result is divided by 32,768, then “1”
is added to the remainder to obtain the 1st Long Address word (Equivalent to the subtraction
result of modulo 32,768 plus 1). The value is converted into a 21-bit binary number which
will be the information bits for generating the BCH (31, 21) code word. The LSB is
transmitted first (for example, CAPCODE: 2,101,249 is the 1st Long Address is 1, and the
2nd Long Address is 2,097,150).

The 2nd Long Address word is decided by the integral portion of the value obtained as a
result of dividing by 32,768 during the first calculation. Next, this value is subtracted from
2,097,151 (equivalent to 1's complement of the value in binary) and then is converted into a
21-bit binary, which will become the information bits when generating the BCH(31,21) code
word.

5.2.2 Long Address Set 1-3 or 1-4 (1,075,843,073 te 3,223,326,720)

As the conversion method for the Long Address 1st word, the same calculation method used
for a Long Address word combining Long Address Set 1-2 is used. In the conversion method
for the 2nd Long Address word, 2,068,481 is first subtracted from the decimal CAPCODE,
then the obtained value is divided by 32,768 and then 1,933,312 is added to the value
obtained from the integral portion of the result of this division to obtain the 2nd Long
Address word.

The value obtained is converted into a 21-bit binary number which will be the information
bits for generating a BCH (31, 21) code word. The LSB is transmitted first.

5.2.3 Long Address Set 2-3 (3,223,326,721 to 4,297,068,542)

The conversion method for the 1st Long Address word is to subtract 2,068,479 from the
CAPCODE. Next, 2,064,383 is added to the remainder obtained by dividing the result of the
above calculation by 32,768.

The conversion method for the 2nd Long Address word is first subtracted 2,068,479 from the
decimal CAPCODE and then the obtained value is divided by 32,768 and the integral portion
of the value obtained by this division is added with 1,867,776 to obtain the 2nd Long
Address word.

The value obtained is converted into a 21-bit binary number which will be the information
bits for generating a BCH (31, 21) code word. The LSB is transmitted first.

6. Conversion from binary to CAPCODE
When a value for an Address code word is given, this value can be converted into a
CAPCODE by performing this inverse of the above process. A Short Address word is

converted into a decimal number, then, 32,768 is subtracted to obtain a 7-digit CAPCODE.
(Decimal address : 32,769 is indicated by ‘0000001’ in the form of the CAPCODE).
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For a two word Long Address, the 1st Long Address word is first converted from binary to
decimal. Next, the complement of the 2nd Long Address word is obtained (or subtracting
2,097,131 in decimal) and converted into decimal. This value is multiplied by 32,768, then
2,068,480 is added to it and then it is added to 1st Long Address word. The result of this
calculation becomes a 9-digit address portion for the CAPCODE (if Long Address 1 is 1
(decimal) and Long Address 2 is 2,097,150 (decimal), for example, the CAPCODE is
2,101,249), . -

If a pager has one individual Address only and the pager Collapse cycle is 4 (16-Frame
interval), A, E or 1is attached as prefix for 7- or 9-digit addresses. (A is attached for Single
Phase pagers and E or 1 is attached for Any Phase pagers or All Phase pagers respectively.)

If a pager has two Addresses and both addresses are individual Addresses, A, E and 1 are
attached as prefixes for the 1st address, and B, F, J are attached as prefixes for the 2nd
address. B, F, J indicate that the pertinent address is the 2nd address, and also indicate that
they accompany to the 1st address.

<Example calculation method>
{1) Example of conversion from a CAPCODE to a decimal address :
1) In case of Short Address :

Address = CAPCODE + 32,768
For example, the address of the CAPCODE: 0000001 is
Short Address = 1 + 32,768 = 32,769

2) In case of Long Address Set 1-2 ;

It can be done, '

Calculate first, (CAPCODE -2,068,481)/32,768= Quotient ....Remainder

Then, 1st Long Address word (Long Address 1)= Remainder +1 :
2nd Long Address word (Long Address 2)=2,097,151-Quotient

Example (a)CAPCODE: 2,101,249 is;
(2,101,249-2,068,481)/32,768=1....0 (Quotient is 1 and Remainder is 0)
Long Address 1=0+1=1
Long Address 2=2,097,151-1=2,097,150

Example (b)CAPCODE: 999,999,999 is;
(999,999,999-2,068,481)/32,768=30,454....14,846
Long Address 1=14,846+1=14,847
Long Address 2=2,097,151-30,454=2,066,697

3) In case of Long Address Set 1-3 and 1-4 :

It can be done,
Calculate first, (CAPCODE -2,068,481)/32,768= Quotient ....Remainder
Then, 1st Long Address word (l.ong Address 1)= Remainder +1

2nd Long Address word (Long Address 3 or 4)=Quotient+1,933,312

Example (c)The address of the CAPCODE: 1,075,843,073 is;
: (1,075,843,073-2,068,481)/32,768=32,769....0
Long Address 1=0+1=1
Long Address 3=32,769+1,933,312=1,966,081
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Example (d)The address of the CAPCODE: 2,149,584,896 is;
(2,149,584,896-2,068,481)/32,768=65,536....32,767
Long Address 1=32,767+1=32,768
Long Address 3=65,536+1,933,312=1,998,848

4) In case of Long Address Set 2-3 :

It can be done,

Calculate first, (CAPCODE -2,068,479)/32,768= Quotient ....Remainder

Then, 1st Long Address word (Long Address 2)= Remainder +2,064,383
2nd Long Address word (Long Address 3) =Quotient+1,867,776

Example (e)The address of the CAPCODE: 3,223,326,721 is;
(3,223,326,721-2,068,479)/32,768=98,305....2
Long Address 2=2+2,064,383=2,064,385
Long Address 3=98,305+1,867,776=21,966,081
(2) Example of conversion from a decimal address to a CAPCODE :
1) In case of Short Address :

CAPCODE = Short Address - 32,768
For example, the CAPCODE of the decimal address: 32,769 is
CAPCODE = 32,769 - 32,768 = 0000001

2) In case of Long Address :
CAPCODE = Long Address 1 +(2,097,151-Long Address 2)x 32,768+2,068,480

For example, the Long Address 1=1(Dec.), and Long Address 2=2,097,150(Dec.) is
CAPCODE=1+(2,097,151-2,097,150)x 32,768+2,068,480=2,101,249

 Attached A-7
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Annex 1: Subscriber Data Registration Standard for the
FLEX-TD Radio Paging System

Note : Disclosure of this standard is specified in accordance with the “Regulation for
Disclosure of Subscriber Data Registration Standard for the FLEX-TD Radio
Paging System” approved in the Standard Assembly.
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Annex 2: Standard Specification for External Interfaces
for the FLEX-TD Pagers
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1. Cverview

1.1 Overview

This standard defines the external interface for the FLEX-TD pagers (referred to as “pagers”
in the following).

1.2 External interface

The external interface is specified by physical and electrical characteristics for connecting the
pagers with external data communications devices to interface information received by the

pager.
1.3 Configuration of external interface

Fig. 1.3-1 below shows the external interface configuration.

Pager

5

External
device

Infrastructure facilities!

..--l—aa--

Alr interface External interface

Fig. 1.3-1 : Configuration of external interface
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2. Seriai interface
2.1 Overview of the Serial interface

This interface consists of a pager and an external device for interfacing the information
received by the pager.

Fig. 2.1-1 below gives an overview of the Serial interface.

Pager External
& [ device

Fig. 2.1-1: Serial interface

2.2 Pagers
Pagers handles received data, etc., for input/output with external devices.
2.3 Technical requirements for Serial interface
2.3.1 Scope of application
Two types of serial interfaces are defined, on the physical requirement.
2.3.2 Physical requirements
The following two types of serial interfaces are defined.
(1) Type I (3-wire) |
Type I consists of SI (serial input), SO (serial output) and GND (ground).
(2) Type II (4-wire) |

Type I consists of Sl (serial input), SO (serial output), GND (ground) and VCC (power
source).

2.4 Electrical requirements
2.4.1 GND (ground)

Negative polarity ground must be used and GND must be electrical potential reference.
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2.4.2 SO (serial output)

The SO for the pager must be an open collector or an open drain.

Space . sink current I mA or more (Vy,<0.4V)
- Mark 1 leak current 10 A or less (Vso=5V)
Breakage Voltage : 15V or more

2.4.3 SI (serial input)

An input t_erminai having a pull-up resistor must be used.

Pull-up resistance is 10kQ to 100 k€2.

2.4.4 VCC (power source)

VCC is a power supply line from the external device to the pager.

VCC: 5V or less

2.5 Protocol
Synchronization method :  start-stop synchronization protocol (full duplex or
half-duplex)
Transmission speed 1 1200bps, 2400bps, 4800bps, 9600bps
Data bit ' : 8 bits
Stop bit »1bit
Parity .+ None

2.6 Communication procedure

This standard does not specify communication procedures, however, compatibility of external
device to be connected to the pager should be sufficiently considered.
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3. PCMICIA interface
3.1 Overview of the PCMCIA interface

‘The PCMCIA interface connects the pager and external device.

Pager

Fig. 3.3-1 : PCMCIA interface

3.1.1 External devices

External devices interface with the pager by inserting the pager into the device’s PCMCIA
slot. _ ‘

3.1.2 Pagers

Pagers handle received data for input/output with external devices.
3.2 Technical requirements for the PCMCIA interface.

3.2.1 Reference

The PCMCIA interface, in principle, accord with the standard which is currently disclosed,
and shall accords with revisions of the pertinent standard in the future.

3.2.2 Physical requirements
Physical requirements accord with the physical specifications, included in the PC Card

Guidelines or the PCMCIA PC Card Standard by Japan Electronic Industry Development
Association (JEIDA). ' _
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3.2.3 Electrical ‘requiremems

Electrical requirements accord with the electrical/interface specifications, included in the PC
Card Guidelines or PCMCIA PC Card Standard by Japan Electronic Industry Development
Association (JEIDA).

3.2.4 Protocol

This standard does not specify protocols, however, compatibility with external devices o be
connected with the pager should be sufficiently considered.
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FLEX™ OVERVIEW

1.1. PURPQOSE

The major market need which drove the development of the FLEX™ signal protocol is
the paging Service Provider's desire for greater channel capacity. (Prior to June 1993
this protocol was identified as WASP - Wide Area Signal Protocol). FLEX™ supports
up to five times the traffic of a 1200 bps POCSAG channe! when running at the 6400
bps rate. The Multi-speed format allows initial use at low speed (1600 bps) using
much of a system's existing infrastructure. In order to maintain the simulcast and
fading performance of slower speed codes like Motorola’s GSC code, the protocol
includes word interleaving to provide 10 mS fade protection and a modulation change
to four level FM at 3200 bps and 6400 bps. Greatly improved battery life is achieved
through the use of synchronous time slots in which latency in the delivery of
messages can be extended to improve battery life. From a subscriber capacity
standpoint, the special two word "Long Address" set supports over 3.5 billion users
(additional 1.5 billion addresses held in reserve) while the one word "Short Address”
set serves close o two million users.

The code is also designed to support both local and nationwide roaming users.
Channel identification of the local provider is provided within the protocol along with
means to allow scanning pagers to identify channels which belong to nationwide
networks. This information will allow roaming pagers to be capable of quickly
identifying the presence of their subscribed systems.

The FLEX™ protocol has established the means for future design flexibility by
allowing new system features o be added through the use of Frame Sync code words
"AS", "AB", ..., through "A15" and additional Block Information Words which can be
defined as needed.

1.2 SCOPE

The intent of this document is to ensure that the FLEX™ protocol and the related
features and services are implemented in a consistent manner among various
manufacturers. '

Section 2 gives a general system overview. Section 3, "FLEX™ Protocol Definition",
describes the over the air paging information as it appears on the channel. Section 4,
"FLEX™ Encoding and Decoding Requirements", specifies the transmission rules for
implementing FLEX™ in a paging terminal or other encoding device, and provides
decoding requirements for implementing FLEX™ in a pager. Section 5, gives insight
into FLEX™ terminology and Section 6 contains the revision history.

This specification is intended for internal use by licensees of the FLEX™ protocol.
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1.3. DOCUMENTS OF INTEREST
"FLEX™ Benchmarkingt

"FLEX™ Battery Life Performance"
"Mixing Coding Formats on a Channel"?!
"Mixing Coding Formats on a Multi-channel Transmitter System"?

"Telocator Network Paging Protocol™ Version 3.7: July 27, 1895

1.4. RECOMMENDED RELATED DOCUMENTATION
“The FLEX™ Protocol’s Operational Capabilities for Multi-Frequency, Multi-Area Use”.

“Secure Instructions to FLEX™ Pagers”
Available to qualified organizations (e.g. licensees and paging
operators evaluating FLEX™) under a Non-Disclosure Agreement with
Motorola.

15. COMMENTS

1. The Text and Figures that appear in this document are all part of this
specification. If there is an apparent conlflict between the Text and an associated
Figure, please contact Marianne Lloyd!.

2. Constructs (e.g., bits, bytes, words, op-codes, values) that are defined by this
protocol document shall be used as they are defined in this protocol document.
All undefined constructs and all constructs designated as “Reserved”, or words of
similar import, by this document shall not be used for information signaling
purposes. Motorola’s express written approval is required for use of such
undefined or “Reserved” constructs for any purpose including non-published
implementations.

1 For more information on Motorola's new FLEX paging code, contact Marianne Lloyd:
Telephone (407) 739-8281; FAX {407) 739-2519

2 For more information contact The Personal Communications Industry Association (PCIA formerly
Telocator) at 500 Montgomery Street, Suite 700, Alexandria, VA 22314-1561.
Telephone (703) 739-0300.
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Z

GENERAL DESCRIPTION

21. SYSTEM OVERVIEW

The FLEX™ code is a synchronous time slot protocol tied to an accurate time
reference. When Frame 0 is synchronized with the start of each hour the pager can
derive real time from the current Frame and Cycle number thus providing the user
accurate time within the hour with no need for adjustment. (User sets hour and date or
system provider can optionally choose to send time and date setting commands.)

Each address in a pager is assigned a base Frame in the set of 128 Frames appearing
on the channel during each 4 minute period of time. A user can trade battery life for the
more frequent delivery of messages. FLEX™ has defined the concept of collapsing the
Frame number to less than the 7 binary bits normally required to convey a Frame
number. This masking of a specific number of Frame number bits allows delivery
latency to be traded for battery fife. It is also valuable to force the concentration of
FLEX™ paging traffic into very small periods of time to facilitate mixing with other
codes. As an example, all pagers in the system can be instructed, in the Block
Information Word (BIW) sent at the beginning of each Frame, to respond only to the 4
least significant bits in the Frame number field. This results in pagers being operative
for receiving messages once every 16 Frames (30 seconds). Similarly, the pager code
plug will individually instruct specific pagers to Collapse their assigned Frame number.
When the code plug assigned "pager Collapse” value is smaller than the "system
Collapse" value it will take precedence and the pager will be receptive more often than
the system value. If the system value is the smaller it will set the battery saving cycle.

Battery savings is also derived from the organization of fields within each Frame. The
active addresses are grouped together in a defined area at the beginning of each Frame
allowing the pager to immediately battery save at the end of this field when its address
is not detected.

Once a pager acquires synchronization to the channel it expects to find its assigned
Frame within a very tight time window. Even if signal is lost, the pager continues to look
in the expected windows possibly for up to 80 minutes (time-out varies with system
clock stability via programmed code plug value) as might be the case during a subway
ride. For this reason the terminal must maintain timing even through power failures so
that when power is restored, paging will begin synchronous with the signal existing prior
to the power outage. ,

The higher speed of FLEX™ creates tighter requirements on the time equalization of
each transmitter link in order to minimize simulcast time offsets. It is recommended that
the paging data be buffered at the transmitter site and re-clocked using an accurate
timing source (possibly from a satellite). The use of 4-level FM doubles the modulation
symbol length (when compared to 2-level FM) helping reduce the effect of simulcast
distribution errors and the effect of propagation timing differences between muitiple
signals within the capture range of the receiver.

The multiple speed feature of FLEX™ is accomplished by multiplexing one, two, or four
1600 bps channels of traffic. If group calls are to be set up, the system provider should
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attempt to assign all potential members to the same Frame for battery saving reasons.
if members of the group have "single phase" pagers then their phases must match or
the message will have to be repeated on each traffic multiplex phase.

A roaming overlay is defined to support smalier systems using Simulcast System
IDentification (SSID) in which a portion is embedded in each Frame of the protocol.
Larger Global roaming systems use a Network iDentification (NiD) to mark RF channels
which are members of a Global, Nationwide, or Regional network.

- Future high tier products will be capable of decoding all 4 phases simultaneously as

may be required when message and information services share the same channel.
Most alphanumeric pagers will be capable of 1600 bps reception on "any phase" while
even higher tier data intensive products will be capable of 6400 bps message reception
using "all phases". '
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FLEX™ PROTOCOL DEFINITION

3.1. MODULATION

Link From ‘7

Terthinat

=

Modem Power Amp
; 4-Lavel FM
a?j?ﬁg:&k o Digital Signal Processor | D/A ] Analog D:.:(C;FER
Crolits 10th Order Bessd Filter Converter Logifgass a
3db= 38 kHz

A low speed FLEX™ system intended to operate at 1600 bps requires few changes to
an existing base station designed for 1200 / 2400 POCSAG cperation. The deviation
for FLEX™ should be set to + 4800 Hz, however, if the channel is mixed with another
protocol and only 2-FM is to be used, the pager will tolerate less deviation with little
effect on sensitivity. When FLEX™ 4-FM is required then + 4800 Hz must be used.
See table below.

2-Level FM 4-Level FM (Gray Coded)
"% Carrier + 4800 Hz Q" Carrier + 4800 Hz
"11* Carrier + 1600 Hz
"g1" Carrier - 1600 Hz
"0"  Carrier - 4800 Hz "00" Carrier - 4800 Hz

Deviation difference between 4-FM symbols is 3200 Hz = 60 Hz
Binary to 4-FM Conversion Order - Symbol MSB followed by Symbol LSB.
2-FM only - systems deviation may be adiusted within the range of £4.0 to +4.8 kMHz

Higher speed FLEX™ systems designed to operate at 3200 bps and 6400 bps require
an upgraded base station and high speed communication links to each base station.
The DSP filter in the figure above is required to meet adjacent channel splatter
requirements while maintaining good simulcast performance.

When converting the binary data stream to 4 Level FM the first bit out becomes the
most significant bit (MSB) of the 4 level symbol with the following bit the least significant
bit (LSB) of the symbol. Thus for the FLEX™ protocol operating at 6400 bps, Phase "a"
is always the symbol MSB with phase "b" the LSB. The same is true for phase "c" and
||drf_ ‘ } .

The frequency difference between adjacent symbols shall be 3200 + 60 Hz. The 2-evel
modulation within the FLEX™ sync portion must be held to the same accuracy as the
"00" and "10" symbols in order to provide the means io derive accurate 4-level symbol
thresholds.
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3.2 FLEX™ FRAME STRUCTURE

Y 128 Frama Cycle = 4 Minutes 0 Seconds - r:i

Frame Frame Frame
E 127 Frame Frame 1 Frame 2 Frame 3 E Frame 4 Frame 5 EH 128 197 E

Each pager is assigned to decode only frames which match a code piug
hinary value in a specified number of least significant frame number
bits. Thus if a pager must match the 4 LSB's
it would decode every 16th frame.

Frame {1.875 Secg) B
Sync Biock 0 Blotk 1 Block 2 Block3 Block 8 Block 10
Sync =115 mS
184 )éits @1600 bps ) interleaved Blocks = 160 mS
8X32bits@ 1600bps  2- LevelFM
] Erame 16 X 32 bits @ 3200 bps 2 or 4 - Level FM
Sync 1 info_ | Sync2 32 X 32 bits @ 6400bps 4 Level FM

L— 2 - Level FM @ 1600 bps ——b—l

FLEX™ Frames are transmitted at 32 Frames per minute (1.875 sec per Frame). A
FLEX™ Cycle is defined to be 128 Frames (4 minutes) with each Frame numbered from
0 to 127. An hour is divided into 15 FLEX™ Cycles numbered 0 through 14. The Frame
information Word contains the 7 bit Frame number and the 4 bit Cycle number. it is
recommended that Frame 0, Cycle 0 be synchronized to GPS time on the hour. For
roaming systems this is a requirement. '

The Sync 1 portion of each Frame is transmitted at 1600 bps providing means for
obtaining Frame timing, 1600 bps symbol timing, and an indication of the speed for the
remainder of the Frame. The Frame Information Word (FIW) carries 11 bits indicating
Frame and Cycle numbers, 5 bits to indicate a standard FLEX™ operation with Low
Traffic Flags for the indication of the time muitiplex phases with low traffic (address field
does not extend past Block 0) or the 5 bits indicates the presence of a Time Diversity
system and its structure, 1 bit to indicate the channel supports roaming subscribers and
a 4 bit Checksum to ensure quality of the received information.

The Sync 2 portion of the Frame is designed to provide synchronization at the Frame's
block speed allowing proper de-multiplexing and decoding of the message blocks.
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32 Bits . 32 Bits 32 Bits 16 16 Bits
32 Bits 16 Bits =
— — — Block 0
. - 1600 b
Bit SYHC 1 nAn ngH npn Ffame Info n nCu — HC“ (1600 Synfbsols}
\ 2-Level FM
~- v 'Bs2 iy X
1.0 Bit Pattern (32,21)BCH Code Words - see table ! 816, 8/16 1Symbols
. Y 1224 12/24
i Always 1600 bps Binary FM - Block 0
. 3200 bps
['c" 'C" 116003200 Symbols
1 4 {2 level FM
Frame Speed A" Binary Pattern 1852 Inv B52
€ ¥ ' 5
Al 1600/2FM| 0111100011110011 0101100100111001 X 3.3._: _&:Symbofs
o3 32
A2 3200/2FM | 1000010011100111 0101100100111001 Block 0
A3 3200/4FM| 0100111110010111 0101100100111001 - 6400 bps
C} (3200 Symbols)
A4 6400/4FM [ -0010000101011111 0101100100111001 ":BSZ __mvssz | | dlevelFM
AS Future 11011106101001011 0101100100111001 -
. G Inverse™C"
Al5 Future 11110600110011101 0101100100111001 1”
Ar Re-Sync 1100101100100000 0101100100111001 ' U U I—H—.JU[-J UU U 1600bps/2-?-eve'

Sample Bit Stream for 1600

bps Frame Speed

BS1

Al

B

Inv AL
Frame Info
BS2

C

Inv BS2
Inv C

1010101010101010
01111000131110011
0101010101010101
1000011100001100
1010

1110110116000100
0101

0001601001111011

1010101010101010
0101100100111001

10100110611000110

.....

LSB on left is transmitted

1st.

TN

-3200 bps / 2-Level

13200 bps / 4-Level

N N - ]
6400 bps / 4 Level

Bsz Ilcli

_10001000100010001000100§§110110110090100 Example 3200 bps 4-

¢010001000100016001000100001001001111011  Leve! Recovered Data
Inverse BS2 inverse “C*

.----_m«m¢una

Sync 2 - The "C" waveforms are defined as either 2-level or 4-level symbols
depending on the desired speed and modulation in the data blocks.
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The sample bit stream table found in the above figure shows exactly the binary wave
form which must appear on the channel for 1600 bps FLEX™ Frames. For FLEX™
3200 bps sent as binary 2-level FM, the A2 and the inverse A2 words are substituted for
the "A1" and inverse "A1" patterns shown in the table. The Sync 2 pattern is changed to
the example shown in the lower right of the figure (24 bits of comma followed by the 16
bit "C" pattern transmitted at 3200 bps). When 3200 bps 4-level is chosen the A3 and
inverse A3 words are chosen to replace “A1" and a 4-level modulator is required to
transmit the "C" pattern as shown in lower right of the figure. Note also that the comma
now is a pattern made up of the 4-level 10, and 00 symbols. At 6400 bps, the same
process is used as just described substituting A4 in Sync 1 and modifying Sync 2 to 32
BS2 symbols (4-level) and 8 symbols for the "C" pattern. In the future, FLEX™
compatible systems will use the A1 through A15 sync words and variations in the "B"
word pattern. When a pager receives one of these other Sync word transmissions,
battery saving may begin immediately after the first detection of AS through A15 or in
the case of a pager not programmed to detect A5 through A15, the absence of a
detection of A1 through A4 in the expected time window may result in a return to the
battery save mode. :

The "C" pattern is used to facilitate the re-synchronization to the data blocks which may
be sent at different speeds and with different modulation from the 1600 bps Sync 1.
The "C" pattern transmitted always decodes to the same bit pattern independent of
speed or modulation. ("C" = 1110110110000100 with 1st bit transmitted on the left)
The Bit Sync 2 pattern surrounding the "C" pattern is intended to look like full deviation
comma on the channel. This results in decoded bit patterns of 1,0,1,0,1,0,1,... for 2-
level moduiations, 10,00,10,00,10,00... for 4 level modulations.

Table of "A" Patterns

| 12345 6 7

16 |17 32 |
A1 |0111100011110011 {0101100100111001
A2 10000100111001211 |0101100100111001
A3 01001111100102111 j0101100100111001
A4 0010000101011111 {0101100100111001
25 1101110101001011 [(0101100100111001
A6 00010110001211011 |0101100100111001
A7 1011001110000011 |0101100100111001
A8 0110001101000001 (0101100100111001
A9 0001101111100010 |0101100100111001
210{0010110010000110 0101100100111001
2A1211010010111101000 [0101100100111001
A12/1001001010001200 (010110010021211001
A13/0110111010011000 (0101100100111001
A1411011211100101210120 {0101100100111001
A15/11110001120011101 10101100100111001
Ar 111001011001200000 {0101100100111001
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3.4, EMERGENGY RE-SYNCHRONIZATION TRANSMISSION

I BS "Af" E‘é uArn BS ﬂArH BS n;\;u BS llAr!l BS "‘K‘;-" B [. o B

16
32bis 0 32 bis

In emergency cases where the FLEX™ time reference backup systems fail or some
other critical component is known to have failed it may become necessary for the
infrastructure to force all pagers to re-synchronize. (Note: FLEX™ js intended to be a
synchronous paging system requiring no preamble, thus when a pager synchronizes to
the Frame timing it receives over the air, all subsequent transmissions must follow with
the same timing or the pager will miss messages.) The above re-synchronization
pattern must be continuously transmitted on the channel for a length of time equal to or
greater than the system Collapse cycle. Thus if the system Coliapse is set to 7 (longest
case) the transmission must be 4 minutes long 1o ensure that a pager operating at the
full system Collapse value would have at least one opportunity to receive the reset
instruction. If at the other extreme the system had been running with a system Collapse
of "0" which forces all pagers to receive every Frame, only a 1.875 second length of re-
synchronization pattern would be required (or several Frames for all pagers to have
multiple opportunities) .

The re-synchronization paitern follows the definition of the "A" Synchronization portion
of the Sync Structure described in the previous section. The "A" pattern is chosen to be
the "Ar" pattern previously defined with 16 bits of comma separating the normal and
inverted "Ar" words. The comma leading into the inverted "A" pattern is the inverse of
the comma leading into the normal "A" pattern. There are no constraints as to how the
transmission starts or ends just that the total iength be at least equal to the length of the
battery saving strobe period of the worst case pager in the system.
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35. INTERLEAVED BLOCK STRUCTURE

Each FLEX™ block occupies 160 mS of fransmission time independent of the
designated Frame speed. As is illustrated below additional information tracts (or
multiplex phases) are combined together increasing the information per block in
proportion to the selected speed.

1600 BPS Block (8 Words X 32 Bits)

1234567 . ... ... ... 2. . .. . 31 ] 32
Information Parity Ck

Word Oa iiddiiijiidiiidiiidiidilpperererrepelP
Word la iiidiiiiidiiiiiiiitiiilpppppprrPpp|P
Word 2a iddiiidiiiiiiiiiisiiilpopprppprprepRPpRlP
Word 3a iiiidiiiijiiiiidiiiiiiii PPPPPPPPPPIP
wWord 4a iiiiiiiiiiiiiiiiiiiii PPPPPPPPPRIP
Word Sa iiiidiiiiiiiidiiiiiiiiilpppprpppPEpRpP|P
Word éa iiiiidiiiiiiiiiiiiiiilppppppprppp|P
Word 7a iididiiiiiiiiiiiiiiiiilpppppPppPPDDPER]P

3200 BPS Block (16 Words X 32 Bits)

Word Oa itdiiidiidiitdiiidiiiiitiilpppppoPppPPPR|P
wWord Oc iiddiiidiididiiiiiiiiiiipppoopppppl|P
Word la iiiiiiiiiditidiiiiiiiilppppeerrPprpppl|P
word lec titiiiidiididiiddisiiilppepppppppl?
Word 6a iiidiiiiijiiiiiiiiiiiiilpppprprpppElP
Word 6c ii1iiiijijiiisidiiijiiiiiilppppprppprpoplp
Woxrd 7a iiiitiiidiitiissiiidiilppppeppeRplp
Word 7o ii1idiiiiiiiidiiidiididddi PPPPPPPRPR|P
6400 BPS Block (32 Words X 32 Bits)
Word Oa iiiiiiididiiiiiiisiiilepppoppprppRl|P
Word Ob iiiiijiiiiiiiiiiidiiiiiipppppppPPPDRlP
Word Oc tdiiiiidiidiiiiiiiidiisid PPEPPRPPRPRPRPPRPIP
Word 0d 1iiiiiiiiidiiiiiiidiiilppprpPpPrPRPLR
Word la iiididiiiiiiiiiiiiitiilpppprrPPPRPEDRlP
Word 64 iifidiidiiiiiidiiiiiiiipppprppeprppelP
word 7a iiiiiitiiiidiiiiisiiidid ppprPRPPRRPPP|P
Word 7b iiidiiididiiiiididiitiilpppperrpppep|P
Word 7¢ iiddiidiiiidiiiiidiiiiilppppepprprpppp|P
Word 74 iididijidiiidiiidiiidiiiiilpppoppprpprp|P

The above figures represent a data stream on the channel which is generated by
transmitting columns starting at the upper left and proceeding to the lower right. The
3200 and 6400 bps block construction can be viewed as shown above where the code
word interleaving and multiple 1600 bps data stream multiplexing are combined into one
cperation. It could just as correcily be viewed as multiple interleaved data streams
multiplexed together.
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3.5.1. Block Size

All blocks are 180 mS in time. As the channe! bit rate increases so to does the
multiplex degree.

1600 bps - 8Words 8 X32= 256bits Multiplex degree 1
3200 bps - 16 Words 16 X 32 = 512 bits Multiplex degree 2
6400 bps - 32 Words 32 X 32 = 1024 bits Multiplex degree 4

3.5.2. Block Transmission

All words are (31,21)BCH codewords (with 32nd even parily bit) arranged in rows
starting at Word 0a, Word Ob, Oc, 0d, 1a, ----, 7a, 7b, 7¢, 7d. Transmission takes
place by columns starting at bit 1 of word O0a. This binary bit stream is either modulated
directly (binary FSK), or in the case of 3200 and 6400 bps 4-level, it is first passed
through a 2 bit symbol converter. The symbol conversion is synchronized so that the
first two bits of the block are always paired together to form a four level symbol (bit 1 of
word 0a and Oc for 3200 bps and bit 1 of word 0a and Ob for 6400 bps). For example,
at 6400 bps, bit 1 of word Oa becomes the MSB of the symbol with bit 1 of word Ob the
L.SB; at 3200 bps, bit 1 of word Oa becomes the MSB of the symbol with bit 1 of word 0c
the LSB. (Refer to Section 3.5 for illustrations)

3.5.3. Block Reception

Each receiver extracts (de-multiplexes) its assigned sample phase ("a", "b", "¢", or "d"}
from the bit stream forming an 8 X 32 array in memory. The 32 bit BCH code words are
now identifiable and can be processed through a 2 bit error correcting algorithm. Error
status is noted for each word and the information bits are extracted for further
processing. Stored within the Subscriber Unit is the assigned phase value of 0, 1, 2, or
3. At 6400 bps, 0 maps into phase "a", 1 ="b", 2 ="¢"and 3 ="d". At3200 bps, 0 &1
map into "a" and 2 & 3 map into "¢c". At 1600 bps the multiplex assignment is not a
factor in the decoding parameters.

3.6. TRANSMISSION ORDER

The following figure represents field ordering within a FLEX™ Frame. |t should be
noted that field boundaries are not restricted to block boundaries.

2« Level FM
et ot g 2 - Level or 4 - Level FM ‘ - »{

81 | F1 182} B! AF VF MF B

Synchronization 1 - Consists of 112 bits at 1600 bps modulated with 2- level FM.
Fifteen different patterns have been defined for present and future applications.
Each pattern provides overall system synchronization and specifies the type of data
and data modulation which follows directly. Detection of the 5th, through 15th "A"
Sync code word types indicates that no data is present for a paging receiver which
is responsive to the 1st through 4th “A” Sync code words - i.e. the pager should
battery save for the remainder of this Frame.
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Frame Information - This is a 32 bit code word transmitted at 1600 bps modulated with
2 - level FM. It identifies the Frame Number 0 - 127 (7 bits), the Cycle Number 0 -
14 (4 bits), 5 bits to indicate standard FLEX™ operation with Low Traffic Flags for
the indication of time multiplex phases with low traffic (address field does not extend
past Block 0), 1 bit to indicate the channel supports roaming subscribers and a 4 bit
Checksum to ensure quality of the received information.

Synchronization 2 - Detection of this pattern provides timing information for
synchronization to a higher speed Frame. It consists of a 40 bit (40 Symbol} pattern
transmitted at 1600 bps 2-FM if the Frame speed is 1600 bps, an 80 bit (80 Symbol)
pattern transmitted at 3200 bps if the Frame speed is 3200 2-FM, an 80 bit (40
Symbol) pattern transmitted at 3200 bps 4 - Level FM if the Frame speed is 3200
bps 4-FM, or a 160 bit (80 Symbol) pattern if the Frame speed is 6400 bps.

Block Information - The first 1, 2, 3, or 4 words of the first interleaved Block contain
Frame and system structure information. The typical case is a 1 word field with 2
bits indicating the start of the Address Field, 6 bits defining the start of the Vector
Field, 2 bits to indicate traffic overflow into the next Frame(s) (Carry On), 3 bits
indicating number of low order Frame number bits to be examined (System
Collapse) and 4 bits indicating the number of priority addresses at the beginning of
the Address Field. Words 2, 3, and 4 contain information for calendar and time
setting in addition to required information for roaming systems.

Address Field - The Address Field starts direcily after the Block Information Words and
consist of short addresses (1 word) and long addresses (2 words). Addresses
which are limited to Tone Only operation should be placed at the end of the
Address Field since an associated vector is not required. Priority addresses are
placed at the beginning of the field. '

Vector Field - The Vector Field starts at the location indicated in the Block information
Word and maintains a 1 to 1 relationship with the Address Field. The Vector word
points to the start word of the associated message and indicates the message
length in code words.

Message Field - Contains the message words specified by the Vector Field.

idle Blocks - Unused Blocks should be filled with alternating all 1's and all 0's code

words to produce a 1,0 pattern on the channel at 1600 bps. When transmitting 4 -

level FM the unused Blocks should be filled with the proper patterns to result in the

same 1800 bps binary waveform on the channel. (1,0,1,0 bit pattern at 1600 bps at

2 FSK; 1,1, 0,0, 1, 1, 0, 0 bit pattern at 3200 bps at 2FSK; 10, 00, 10, 00 symbol

- pattern at 3200 bps at 4FSK; 10, 10, 00, 00, 10, 10, 00, 00 symbol pattern at 6400
bps at 4 level FSK)
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The following figures and associated text represent the construction of a FLEX™ Frame
with a mix of message types.

‘Example - This diagram represents a mix of pages on just one phase of a FLEX™
Frame transmission. An additional 1 or an additional 3 phases may be time multiplexed
into this represented data when the channel speed is raised to 3200 or 6400 bps.

Block Information Field - This field is usually 1 word but may be up to 4 words when
additional information is carried. Two information bits specify the beginning (and
number of Block Information Words) of the

wo  wour Address Fieid. Six information bits specify
mockmot 0 the beginning of the Vector Field.
joressssrt | monens Address Field - By knowing the beginning of
Worg = 7] the Address Field and knowing the
by beginning of the Vector Field the pager can
“dtresses determine how many Address words on the
channel must be decoded in the Frame in
order to determine if a message is present.
When an Address is detected, the position
paess? | Lagadpaph : in the Address Field is matched to the same
- position in the Vector Field to determine
s $ Aphg b which Vector hoids the pointers to the
s M g associated message. A special priority
, 10 Address Field is defined 1o occupy up to the
adq(ﬁgm F}gm Tone Only . N .
Adgr T Tone On | [ e first 15 Addresses in the Address Field.
T Four bits in the Block information Word
Vechr Start Addr 8 Tone Only . . A
Word«13 T T 1 identify this boundary.
VICkM1 Start Lengh 13 - N .
ot wa]  tengssessosorves Address Ordering is as follows:
WP e a— HoteeRrRaE a) Priority Addresses - First 0 - 15
o . - Longﬁg;fess Addresses
\ [ Bork2 Vecior Words 384 : b) Addresses with associated
M:!ICkMahl{essag;z# 16 . Vectcrs
wonmston 17| ) Long diess ¢) Tone Only Addresses which do not
ik tessages 18 veobr Words 526 require Vectors. (Code plug must
VSCKMSSurlLongh 18] e Apha specify TO address - not a Tone
WCKMs StrtLongk 20 ) veowr? Only function). ‘
01,2345 2] £ ™ Nk Long two-word Addresses - are not treated in
ST ) Lot any special manner in the Address Field.
__r.__'__SLT.____. Vacor B &Y f ’
ATt 1 T The extra word reserved in the Vector Field
Massage Field 23 .
becomes the first word of the message -
\\ s the Vector points fo the rest of the message.
37475 24 __ Hpha
8§ I 7 ) a ) 2 Mes::lge
9 ' 1 ' 1% ' 26
2l e
IRETIET LN
ki 2 3 4 29 A
o, Numaric
5878 910 30 Message
neuuws oyl / #2
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Vector Field - Vectors are defined as single (31,21) BCH + even parity bit code words
(in the case of a long two word address the Vector is also two words) where the first 4
bits are defined to be check bits followed by 3 Vector type bits. The remaining 14 bits
(14 + 21 bits long address) carry the message start pointer, the message length (in

Massage
Flald

AN

v

Block 4

Word #

codewords) or other information
depending on the Vector type. See word
definitions for complete definition.

Vector Types:

Secure Message Vector
Short Instruction Vector
Short Message Vector
Numeric Vector

Num. Vector with Format
Alphanumeric Vector

HEX / Binary Vector

Num. Vector with Message #

Calculation of the Vectior Word Position:

Sigl 1 l2 ' a0 \
30 405 1
s Ty T T
910 11 as
12793 14" 3_6]
1516047 5 Apha
18519 IRUE 38 Message #3
217 22 P g3t Q o

Bliock 5
2425128 1 4
a7 2l
30 31 '3l .
33 84 350 4
35’ a7 ' 38 ' 4] S
Sig- 1 2 ' ag]
3 gt gl 46
6 7 8' 47

Block &
9 10 11 b PN apm
12'!3 '14‘ 1] Message #4
15 16 17 ' 50
1819 20 s
23122‘23[ 52
24 ' 25 26 @ sa
MSC{.MSM’essage:# 54 AN
Slgl 1 i 21 5

L

3 1 ffps' s6)
s R
3 10 1 58
12013 14 59
15 16 170 &0
1819l 20’ @
21 ' 22! 23’ 82 / Numeric
56 7 5 910  esf ~ Messagess

V (word #) = Addr (word #) - Addr Start
(word # ) + Vector Start (word #)

The data field portion of each message
starts with a Checksum as defined in the
Code Word definitions of FLEX™.
Depending on the type of page the
Checksum and even the first few
characters may be located in the Vector
portion (as in case of two vector words
being assigned for long addresses). The
Checksum covers the total message field
including fill bits and fill characters
completing the last BCH word.

Unused blocks are filled with the all 1's
and all 0's Idle code words in the proper
order to create the Bit Sync 1 pattern on
the channel. (Binary 1,0 pattern at 1600
bps - blocks start with fill pattern and
then are written over as the Frame is
filled with traffic.) This pattern at the
6400 bps channel speed is equivalent to

symbol transmissions of 10, 10, 00, 00, 10, 10, 00, 00 - « « - - etc., where gray coded 4-
level FM symbols are used. "10" is the extreme positive deviated symbol and "00 is the
extreme negative deviated symbol.
Message location in the message field does not have to be assigned in any particular
order relative to the address order. Several addresses can be vectored to the same

~ message.
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3.7. ADDRESS FIELD RANGE DEFINITION

Type HEX Binary Decimal Quantity

idle Word 000000 0 0000 0000 DOCO 0000 0000 0 1
Long Address 1 | 000001 0 0000 0000 0000 0000 D001 1

008000 0 0000 1000 0000 0000 0000 | 32,788 32,768
Short Address 008001 0 0000 10600 0000 0000 0001 32,769

1E0000 1 1110 0000 0000 0000 0000 | 1,966,080 | 1,933,312
Long Address 3 | 1E000t 1 1110 0000 0000 Q000 0001 | 1,966,081

1E8000 1 1110 1000 0000 0000 0000 | 1,998,848 | 32,768
Long Address 4 | 1E8001 1 1110 1000 0000 0000 0001 | 1,998,849

1FO000 1 1111 0000 0000 0000 0000 | 2,081,616 | 32,768
Short Addresses | 1F0001 1 1111 0000 0000 0000 0001 | 2,031,617

(Reserved) 1F27FF 1111100100111 1111 1111 | 2,041,855 | 10,239

info Svc Address | 1F2800 11111 0010 1000 0000 6000 § 2,041,856
1F67FF 1111101100111 1111 111 2,058,239 16,384

Network Addr's 1F6800 11111 0110 1000 0000 0000 | 2,058,240
1F77FF 11111 0111 0111 4111 1111 2,062,335 4,006

Temporary Addr's| 1F7800 11111 0111 1000 0000 0000 | 2,062,336

1F780F 111110111 1000 0000 1111 2,062,351 16
Operator Messaging | 1F7810 11111 0111 1000 0001 0000 | 2,062,352
Addresses 1F781F 11111 0111 1000 0001 1111 | 2,062,367 16

Short Addresses | 1F7820 111110111 10000010 0000 | 2,062,368
{Reserved) 1F7FFE 111110111 11111111 1110 | 2,064,382 2,015

Long Address 2 1F7FFF 11110131 1111 1111 11 2,064,383
1FFFFE 11111111 1111 1111 1110 | 2,087,160 32,768

idle Word 1FFFFF 119491 11141 14111111 1111 2,097,151 1 .
2,097,152 Total

Addresses are always transmitted starting with the LSB to MSB followed by the BCH
parity bits and the 32nd overall even parity bit.

The designation of a Long Address CAPCODE to a subscriber unit is defined to be two
Long Address words sequentially fransmitted. Each pairing of Long Address Words
creates over 1 billion combinations. The combinations of 1-2, 1-3, 1-4, 2-3 and 2-4
create over 5 billion CAPCODEs.

Page 15



l FLEX™-83001; Issue G1.8 Motorola Messaging Systems Products Group May 7, 1896 |

3.8 CODE WORD DEFINITIONS
3.81. Basic Code Word Structure

12 34 56 7 8 ¢ 10 211 22 31 |32
do1doadozdosdosdosdordosdogdiodiidizdisdadasdiedizdisdiodaoda | PooP23P 2P 2sPacP 27P2sP 29P 3P | Pao

Information Parity Ck
X0 X1 XpX3 ag@azasbobybpbycg ey cacadpdidyds ey | PoPasPoyPasPasPy7PogPoeP 30Par | Pao

el /

Certain words requiring extra error

First bit transmitted detection employ a 4 bit check Overall even parity
{Eame format as POCSAG) character defined by check (Same as
X = ones complement(A+B+C+D+E) POCSAG)

where X is the 4 L8B's of the resuit.

All (31,21) BCH + even parity bit code words received in the FLEX™ code protocol are
processed through a 2 bit error corrector. The 8 word interleaved block structure
provides for correction of 16 consecutive errors in the received data stream (32
consecutive bit errors at 3200 bps and 64 consecutive bit errors at 6400 bps in the time
multiplexed data stream).. Since employing the maximum error correction may in some
cases (low S/N and extreme cases of fading) result in an unacceptable error rate out of
the decoder, the FLEX™ protocol utilizes Checksums embedded in the data stream.
The Checksum used in the Frame Information Word, the Block Information Word, and
all Vector Words is calculated by forming 4-bit fields as shown in above figure and
calculating the binary sum. The result is 1's complemented (each bit inverted) and the 4
LSB's of the result are transmitted as the Checksum. (This definition eliminates the
transmission of the all O's code word since all zeros in the information field results in a
Checksum equal to 1111.) Checksums used elsewhere are based on the same
concept but are tailored to the specific need.

Example: Calculate the Checksum for the following information bits 5-21
xxxx 1010 0011 1001 1100 1

Rearrange each 4 bit field by moving LSB's to the right:
‘ 0101
1100
1001
0011

011110
1's complement of the result = 100001

The 4 LSB's = 0001 :
Rearranging LSB to the left for transmission = 1000 1010 0011 1001 1100 1
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3.82 BCH Generator Polynomial

The (31,21) BCH code word with 32nd bit added to provide an overall even parity check
is the same word as defined for the POCSAG code. lis use in FLEX™ is intended to

follow POCSAG protocol as much as possible.

Each code word has 21 information bits, which correspond to the coefficients of a
polynomial having terms frorn XA30 down to XA10. This polynomial is divided, Moduio-
2, by the generating polynomial G(x) = XA10 + XAG + X728 + XA6 + XA5 + XA3 + XA0.
The check bits correspond to the coefficients of the terms from XA9 to XA0 in the
remainder polynomial found at the completion of this division. The complete block,
consisting of the information bits followed by the check bits, corresponds to the
coefficients of a polynomial which is integrally divisible in modulo-2 fashion by the
generating polynomial.

To the 31 bits is added a 32nd bit to provide an even parity check of the whole code
word.

3.8.3. Frame Information Word

1 2 3 45 6 7 . . 0 v v i i e e e e e e e e 2. - . .. . 31§32

Information Parity Ck.

Xy %) Ky X3 Cp Cy Cp Cy fg £y £ £3 £y S5 figmyrp oty L L3l PPPPPPPPPPR| P

0 ¢1111¢4¢0001211106¢6000¢O001 0100010101 1
Example: Cycle 3, Frame 60, no roaming support, standard FLEX™, low traffic in phase d

¢ - Cycle Number (0-14) cyc,c0, ¢y 15 Cycles per Hour
f - Frame Number (0 - 127) £, £s £, £; £, f; £, 128 Frames per Cycle
n - Roaming Support - Yes when n=1; Nowhenn=0
r- Repeat Paging / Time Diversity Indicator -
Hr=1, t; t, t; &, are reserved.
Ifr=0, t; t, t, t, are Low Traffic flags for each phase in the Frame
t - Definition dependent on value of "r'".
Whenr=0, (t; t, t; t,) are Low Traffic Flags for phases (d,c,b,a)
At 3200 bps t,=t, and t;=t, Representing the 2 phases in the Frame.
At 1600 bps t,=t,~t,=t, Representing the one phase in the Frame.
t = 1 - Indicates Address Field contained within Block 0
t = 0 - Indicates Address Field extends past Biock 0
These flags give an early indication that the traffic is light and all addresses are
contained within Block 0. The infrastructure will not set a flag to 1 even when
traffic is low if a Carry On or Collapse change condition exists.
x - Standard 4 bit Checksum .
Frames are o be transmitted in real time with leading edge of Bit Sync 1 of Cycle
0 Frame 0 synchronized with the beginning of the hour.
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3.8.4. Block Information Word (BIW) 1
L2 3 436 7000 000000 B N .31 132
Information Parity ck

¥o X1 X X3 PgPp Pa P38 8] Vo Vi Vo V3 Vy Vs Co Cy My My M| PPPPPRPRPPPP

P

-0 10101161032 001121100011

101111006310

0

Example: Addresses start at Word #3, Vectors start at Word #60, carry on into next 1 Frames,

System Coilapse of 8, first 10 addresses are priority,

p- Number of priority address words (long addresses count as 2 words) at beginning of

address field (0-15) p, p, p; B

a - End of Block Info. Field (0-3) a;, a; = {00, 01, 10, & 11 indicating Address Field to

start at word 1, 2, 3, or 4)

v - Vector Field Start Word (1 -83) vy v, v; v, v; v, When no Vectors are needed, the

default value should be set to the word position just following the last Tone Only
Address or if no Tone Only Addresses exist the word position just following the last

Block Information Word.

¢ - Flag for traffic "Carry On" ¢, ¢, = (00, 01,10,11). Traffic carried into next zero,

one, two, or three Frames. Flag applies only to pagers assigned to this Frame, not
pagers instructed to Carry On in previous Frame. Carry On value must be the

same in all phases of the same Frame.

m - System Frame ID Collapse Mask (0 - 7). All Frames carry the same value.

Ty My Ty

0 0 0 -2%0=1Frame Latency (pager decodes all Frames)
G 0 1 - 2%1 =2 Frames Latency (pager decodes every 2nd Frame)

11 1 - 247 =128 Frames Latency (No Collapse)
X - Standard 4 bit Checksum
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3.8.5. Block Information Word (BIW) 2, 3, 4 (As required)

The 2nd , 3rd, and 4th optional BIW words located in the first interleaved block of a
FLEX™ Frame contain Simulcast Systern IDentification, Time and System Information.

1234567 . . . . . . ... 2. . ... Y EE

Information Parity Ck
Xgky¥ony £o £5 £ 5p 81 S) 89 Sy S5 S Sy 85 8g Syp Sy S5 S3| PPPPPPPPPP P
7 101 10010100111 110011 1111100011 0

Exampie: Date format, 5th Year, 31 Day, 12th Month  (December 31, 1999 )

f-Word Format Type £, f; f,

s - Data
X - Standard 4 bit Checksum

£, £1 £5]813812873810S9 Sg Sy Sg Sg Sy S3 Sy 81 8y

0 00 |ig i5 i 15 14 13 15 45 15 Cy C3 C5 Cp Cy 512 LocalIDs,

32 Coverage Zones
my m, My My dy d; d, d, dg ¥, Y3 Y, ¥y ¥, Month, Day, Year
S, S; S Mg M, My M, M; M, H, Hy H, Hy H;, Second, Minute, Hour
Reserved for Future Use
Reserved for Future Use
Tg Ig I; Iy I5 I, I3 I, Iy Iy A3 Ay Ay Ay System information, Type
Reserved for Future Use . '
CgCgC1CelC,T3CC 09 Ty T, Ty Ty Country Code,

Traffic Management Flags

P RO OO
FR ook B O
HO RO O

Unused bits are set to 0.

Note: BIW 1 is always sent as the initial BIW in a Frame. There is no mandatory
sending order of the additional BIW’s (2, 3, or 4) contained within each Frame.

The RF channel when part of an SSID FLEX™ roaming system, must communicate the
Simuicast System IDentification (SSID): BIW 000 (Local ID, Coverage Zone) and BIW
111 (Country Code, Traffic Management Flags) utilizing the placement structure as
described in the following Section 3.9.1.

When Time is supported on an RF channel, at least one “Time” BIW (001, 010 or 101)
must appear in each phase transmitted in Frame 0 Cycle 0. See Section 3.9.1 :

SSID - Local IDentification {LID) / Coverage Zone / Country Code / Traffic
Management Flags - An LID along with the Coverage Zone, Country Code and Traffic
Management Flags define a specific simulcast coverage area. When an RF channel
supports roaming through the use of an SSID, BIW 000 must be placed in every Frame
transmitted and BIW 111 must be present in the mandatory Frames 0 through 3. The
mandatory Frames cannot be blocked due to channel sharing or the mixing with other
protocols on the channel. Thus, a shared transmitter can only support one roaming
channel.

The 4 Traffic Management Flags indicate a possible assignment of any combination of 4
groups of traffic to an RF channel. Each roaming subscriber unit, after finding an RF
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channel which matches its programmed LID, Coverage Zone and Country Code
responds to only one of the 4 Traffic Management Flags. When one or more of the
transmitted Traffic Management Flags are set to "0", subscriber units assigned to those
traffic groups must find another RF channel with the same LID, Coverage Zone and
Country Code information with its assigned Traffic Flag set to 1. The 2 least significant
bits {LSBs) of the primary subscriber unit address used on the RF channel determines
which Traffic Flag is to be monitored. In the case where the primary address is a Long
Address, the 2 LSBs of the first code word are used to determine which Traffic Flag is to
be monitored. (This is the same as the two LSBs of the Cap Code converted to binary.)

Date / Local Time / Local Time Zone - The 3 Block Information Words (001, 010, and
101) are used to provide Date, Local Time and Local Time Zone information in the
FLEX™ protocol. These BIW’s are not required to be transmitted. When the Service
Provider supports Time, one, two or all three of these BIW’'s must be transmitted as
described in the following Section 3.9.1. Time can optionally be sent in other Frames to
facilitate more frequent updates . '

The Date (Month, Day, Year) BIW 001 information has the following definitions: Month
field is 4 bits (0001 - 1100, Jan. - Dec.), Day field is 5 bits (00001 -~ 11111, 1-31), and
the Year field is 5 bits (00000 - 11111, 1994 through 2025). ( Note: Use Modulo
arithmetic so each product will have a 32 year life span.)

The Time (Second, Minute, Hour) BIW 010 information has the following definitions: The

Hour field is 5 bits (00000 - 10111, 0 - 23 hours), Minute field is 6 bits (000000 -
111011, 0 - 59 minutes ) and Seconds field is 3 bits (000 - 111; 0 to 7 in 1/8 minute or
7.5 Second increments). The Time transmitted in the BIW reflects the Present Local
Time at the leading edge of the first bit of Bit Sync 1 of Frame 0 for the current Cycle.

The Local Time Zone (Seconds Adjust, Daylight Savings, Local Time Zone) BIW 101
and the Az Ap Ay A, bits given as 0100 or 0101 are utilized to provide time accuracy to
within 1 second. Bits §; S, S; are used to add to the seconds sent in BIW 010. This
allows the Local Time reference to be corrected to within 1 second in increments of 1/64
of a minute. The L, bit indicates that the time transmitied is Daylight Savings Time or
Standard Time (Lo bit set to 1 indicates Standard Time and the bit set to 0 to indicates

Daylight Savings Time). The Local Time Zone data bits, z4 z3 2, 24 2z, are defined in

Section 5.14 (Time Zone Information). The ‘r bit is reserved. (Local Time refers to the
Time Zone transmitted)

System Message - The 4 bits (Az A, Ay Ag) in BIW 101 are used to indicate the type of

System Message or Information to be contained in this Frame. Only one BIW 101
System Message with data in the Message Field is allowed per Frame per phase. If the
System Message has a corresponding Operator Messaging Address, both the BIW 101
and the Operator Messaging Address and its message must be sent. The Operator
Messaging Address method allows subscriber units to receive System Messages
utilizing the same means as personal messages.

From the table in Section 3.7, Address Field Range Definition, sixteen u'nique -

addresses have been set aside to allow the operating system to send “Operator
Messaging Addresses”. This Addressing event followed by the expected vector and
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subsequent messaging is the preferred means to receive System Messages. This is
illustrated in the following figure.

Example of Operator Address Systemn Message Placement:

_—

Op Vet Operator Address
Sync ESI\N Add Adda g | Adet § add | ves § vee i‘o"’ Vecjvec ] °°°¢ Systom Message seaeee

When the system operator sends a BIW 101 System Message that has a corresponding
Operator Messaging Address, both the BIW System Vector placed at the end of the
Vector Field and the Operator Messaging Vector point to the same message in the
same phase. This is illustrated in the following figure. When the BIW Sysiem Message
is sent, Tone Only addresses cannot be included in the same phase as the BIW 101
System Message.

Example of Common System Message Placement:

BIW o7 Vec Systa
Sync EB'W 101 AddE Add Vel 7o rﬂgssags EY YT

It is also possible to send the needed System Messaging by separating the BIW101
System Message from the Operator Address Messaging. The figure below just shows
how the BIW System Message might appear in one FLEX™ Cycle. The Operator
Addressing Message would appear in the following cycle as illustrated above. Tone
Only addresses cannot be included in the same phase as the BIW 101 System
Message.

Example of BIW System Message Placement:

. Vec
Sync Es:w Blw Add! add | Addf add | ada] veo {vec Jvec | vecjvecimw] - e v cceevoe eyt

\/
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ges and Instructions:

Operator Messaging Address
Message for all Subscriber Units 1 1111 0111 1000 0001 0000

Message for Home Subscribers Units 1111 0111 1000 0001 0001

1
Message for all Roaming (non-Home) Units 1 1111 0111 1000 0001 0010
Message for SSID Subscriber Units 1 1111 0111 1000 0001 0011
Time Message for all Subscriber Units 1 1111 0111 1000 0001 0100

Reserved (9 Addresses) .

instruction for SSID Subscriber Units 1 1111 0111 1000 0001 1110

System Event Notification 1 1111 0111 1000 0001 1111
BIW 101 System Messages: - Ay A AL A

Message for all Subscriber Units 6 0 0 0

{Operator Messaging Address: 1 1111 0111 1000 0001 0000)
{19 - 10 Reserved)

Message for Home Subscribers Units 0 0 0 1

(Operator Messaging Address: 1 1111 0111 1000 0001 0001)
(19 - 10 Reserved)

Message for all Roaming (non-Home) Units 0 0 1 0

(Operator Messaging Address: 1 1111 0111 1000 0001 0010)
{19 - IC Reserved)

-Message for SSID Subscriber Units 0 0 1 1

(Operator Messaging Address: 1 1111 0111 1000 0001 0011)
(19 - 10 Reserved)

Message for all Subscriber Units plus Time Instruction 6 1 0 0
(Operator Messaging Address: 1 1111 0111 1000 0001 C100)
{(Seconds Adijust, Reserved Bit, Daylight Savings, Local Time Zone)

(S5 84 S37 Lyzy2y2,2;,2,010 0)

Time Instruction 0 1 0 1
(Seconds Adjust, Reserved Bit, Daylight Savings, Local Time Zone)
(S5 84 S3r bozy 252,2, 2,010 1)

Channel Set Up instruction 0 1t 1 0
(BIW Message, NID Message, Maximum Carry On, Frame Offset)
(Bo Ng Oy O Fs Fy Fy3 Fy F Fo 01 1 0)

Reserved for Future Use o 1 1 1

1T 1 1 1
Note: The information bit in BIW101 which are not used are reserved and set to zero
- (System Message types A = 0000, 0001, 0010, and 001 1)
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Message for al! Subscriber Units - BIW 101; As A2 A1 Ao = 0000
Messages may be of any length and type, however, Secure Message Vectors are not
aliowed.

Message for Home Subscriber Units - BIW 101; A3 A2 A1 Ao = 0001

Messages may be of any length and type, however, Secure Message Vectors are not
allowed. This message is intended o be ignored by subscriber units which have
roamed into this area.

Message for all Roaming Subscriber Units - BIW 101; As A2 At Ao =0010

Messages may be of any length and type, however, Secure Message Vectors are not
allowed. This message is intended to be ignored by subscriber units which are not
capable of roaming and by roaming units which have this area identified as their home
area.

Message for SSID Subscriber Units - BIW 101/ As A2 A1 Ao = 0011

Messages may be of any length and type, however, Secure Message Vectors are not
allowed. This message is intended for pagers which have this SSID identified in their
memories (Home or Roaming Pagers).

Message for all Subscriber Units plus Time instruction - BIW 101; Az A2 A1 Ao =
0100 See System Message and Time definitions previously stated. Messages may be
of any length and type, however, Secure Message Vectors are not allowed.

Time Instruction - BIW 101; A3 A2 A1 Ao = 0101
See Time definitions previously stated.

Channel Set Up Instruction - BIW 101; AsA2 A1 Ao = 0110

The BIW System Message bit, B, set = 1 indicates that this RF channel is generating
Systern Messages. The NID System Message bit, N,, set = 1 indicates that the RF
channel is generating System Messages associated with NID’s. The 2 bit Maximum
Carry On field, O, O,, indicates the maximum Carry On which will be applied to traffic
targeted for multi~frequency roaming pagers. Normal traffic carried within the Frame
may see larger values of “Carry On”. The 6 Frame Offset bits, s F, F3 F, F; Fo, are
used to indicate the Frame Offset value to be applied to the roaming traffic (values from
1 through 63 Frames are valid). A Frame offset value of zero is a default value. It does
not represent a valid Frame Offset value.

instruction for SSID Subscriber Units - Operator Messaging Address (... ... 1110)
This Instruction is defined in Section 3.9.8.

System Event Notification - Operator Messaging Address (... ... 1111)

This Operator Messaging Address along with the Short Instruction Vector, Instruction
Type 001, must be transmitted in a minimum of all Frames for the duration of one
System Collapse Cycle. This Notification is used to pre-alert pagers to a forthcoming
system event that will be transmitted within the next 4 FLEX™ Cycles. This allows
efficient operation of pagers to receive necessary system information without
continuously sampling the channel.
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Events for which this notification is used include the following:
- the splitting away of at least one SSID TMF flag to another frequency
- the addition of a new coverage zone to an LID in which a class of users have
pagers which have been programmed to accept this expanded coverage area.

- the splitling away of at least one NID TMF flag.

- the general addition of a new frequency to be used in association with an NiD.

- any change in the channel set up instruction. An example might be the addition of
a new frequency and coverage area which requires a realignment of frame
offset values through out the system.
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3.8.6. Address Word Definitions

Addresses are sent LSB 1st (opposite of POCSAG). This assumes that addresses are
assigned in consecutive order resulting in the first address bit on the channel being
closer to a random distribution.

3.86.1. Short Address

1234567 0 @ @ 0 v v e e e e e e e e e 21 31} 32
Information Parity Ck

dy 4y dy d3 dy dg dg dy dg dg dyp-dyy Gyp Gy dyy dys dyg Gy7 dg dig G {PPPPPPP PP PP

d - Short Address Information bits - |
dyo digdigdirdye disdigdiadyz di1dipdeds dydedsd, d3dpd;dy Range from
0 0000 1000 0000 0000 0001 thru 1 1110 0000 0000 000C 0000

3.8.6.2 Long Two Word Address

1 2 24 5 6 T . . . o 00 e e v e e e e e e e e e e 21 31} 32
- Information Parity Cck

d0d1d2d3d4d5d6d7d8d9d}_odud12dl3dl4d15 0 0 0 0 OlppPrpPPPPPPP|P
ey e @ @3 e e5 € e, ey ep e epeeyes 1 1 1 1 lippppPpPpPpPPPPR|P
For Example, with Long Address combination 1-2:
d - Long Address First Word Information bits -
d;sd,4d43dy5 dy1d59dedg dsdgdsd, d3d,d:dg Range from
0000 0000 0000 0001 thru 1000 0000 0000 0000
e - Long Address Second Word Information bits -
©)5814813812 11810858 ©8¢8s8, €828  Range from
0111 1111 1111 1111 thru 1111 1111 1111 1110
Use of a Long address resuits in a corresponding double vector. By definition the first
word of the message resides in this 2nd vector word. Now the vector pointer indicates
the position of the first word of the remaining message and the message size / length
field indicates the number of message words total (subtract 1 to find number of words in
the message field).

3.8.6.3. Network Address

1234567 @ & 0 0 i 0 e e e e e e e e e e e e e 21 31f 32
Information Parity Ck

d - Network Address Information bits -
dyp dygdigdisdig disdygdyady, djidipdedg dqpdgdsd, d3;dpddy Range from
1 1111 0110 1000 0000 0000 thru 1 1111 0111 0311 1111 1111

Network Addresses appear in specific Frames and phases. The 12 bits in the Short
Message / Tone Only Vector further define the Network ID. See Section 3.9 for full
details. :
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3.8.7. Yector Word Definitions

3.8.7.1. Numeric Vector

L2348567. 0 & @ 0 0 o e e e e e e e e e . . 21 311 32

Information , Parity Ck
Xog Xy Xy X3 Vg V3 V) by bybybybybsbs nygmymy KoKy KK [ pppppppppp|P
g 0 ¢ 1 1 1 ¢ 11310000 1310 0111 0110100111_1

Example: Numeric vector type, message starts at word #7 and is 4 words in length, the first
4 L SB's of the message Checksum are 1110

V -Vector Type v, v; v, :
- 0 1 1 - Standard Numeric Vector

1 0 0 -Special Format Numeric Vector (rule defined in code plug).
1 1 1 -Numbered Numeric Vector

b - Word number range of message start (3 - 87 Decimal )

n - Number of words inmessage=nnn+1 (nnn=0to7 Decimal)

K - Beginning check bits of message

X - Standard 4 bit Checksum

Note: Long address results in a second vector word which becomes the first

message word. Remaining message words in the message field are reduced by 1.
When the messages are 4 or less Numeric characters, the "b" field will equal the word
position of the second vector word and the "n n n" field will equal 0 {the number of
words in message equals 1).

3.87.2 Short Message / Tone Only Vector

1234567 . . .. ... ... .. .. Y 31f 32

Information Parity Ck
Ko X X X3 VoViVy Loty dydydydydydsdgdydgdgdypdy; | peppPpPRPPRPPRIP
Aitiduds  digdidigdyy  doodardozdys  dogdosthedyy dogdogdagdy; d3 | PPPPPPPP P R|P

Note: Second word bits d12 - d32 are present only when this vector is used with a long
address.

V-Vector Type V,V,V, 010 Short Message / Tone Only
t - Message Type ‘

bty dudidyds drdeded, dydydidy

00| 30,010 babobiby aja,2,3, - 3 Numeric Characters with Short Address
or 8 Numeric Characters with Long Add.

TyT,T Ty MMM, ARAA A, or 12 bits defined with Network Address
as indicated in Section 3.9.

01| s5g9;5¢35 $4538,8; 83 S,5,5;, ~ 8 Sources plus 8 or 30 Unused Bits

10] s18¢Ry NgNNN NN, 8,8.8, -8 Sources, 0-63 Message Number,

Message Retrieval Flag, and

2 or 23 Unused bits

11 ' - Spare Message Type

x - Standard 4 bit Checksum (does not check 2nd codé word).
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The 12 bits defined in the Short Message Vector, complete the definition of a Network
ID. Short Message Type (t;tg= 00) is used to represent the Service Area, a Multiplier,

and Traffic Management Flag associated with the Network Address. (Multiplier = 3 bits
MM, , Service Area = 5 bits A2, , and TMF = 4 bits T,T,T;T;,)

Unused bits are set to 0, unused numeric characters are set to "space” (HEX C). In the
case of "long addressing" there will be two vectors allowing bits dyp through dy; to

represent 5 additional numeric characters with dy, {spare bit} set to 0. Normal "short
addressing" results in a 1 word "Short Message / Tone Only Vector",

3.8.7.3. HEX/ Binary Vector

12 3 4 5 6 T . v v v i e e 21 31} 32
Information Parity Ck

Xg %) Xy X3 VgV Vy Dbybybyhbybybgbg pymynyeyngnsng| pPPPppPPPPRPRHP

V - Vector Type v,v;v, = 110 -HEX Message Vector
b - Word Number of message start  bgbsbbbbib, (3 - 87 Decimal )
n - Number of message words in this Frame ngnsnnanoning {3 to 85 Decimal )

Note: Long address results in second vector word which becomes the first
message word. Remaining message words in the message field is
reduced by 1. _

X - Standard 4 bit Checksum

3.874. Alphanumeric Vector

12345867 0 0 0 0 0 00w v e e 21 319 32
Information Parity Ck

XOX1X2X3 V0V1V2 b0b1b2b3b4b5b6 n0n1n2n3n4n5n6 pppppppppp?

V - Vector Type v,v;v, = 101 - Alpha Message Vector
b - Word Number of message start (3 - 87 Decimal )
n - Number of message words in this Frame (2 to 85 Decimal)
Note: Long address results in second vector word which becomes the first
message word. Remaining message words in the message field is
reduced by 1.
x - Standard 4 bit Checksum

38.7.5. Secure Message Vector

1 2 3 4567 .. .. . . 21 311 32
Information Parity Ck

Xq X X3 X3 Vg V3 Vo Dby by bybybgbsbg ngngn;ngng nsng pppeppPPPPPP|P

V - Vector Type Vv,v,v, = 000 - Secure Message Vector
b - Word Number of message start (3 - 87 Decimal )
n - Number of message words in this Frame (2 to 85 Decimal}
Note: Long address results in second vector word which becomes the first message
word. Remaining message words in the message field is reduced by 1.
x - Standard 4 bit Checksum
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3.8.7.6. Short Instruction Vector

12 3 4 5 6 7.0 ..., 21 31y 32
Information ) Parity Ck
XXy ¥p X3 VoW Vy doipl; Gydydyd3dsdsdgdy; dgdgdiy | PPPPERPRP PP R|P
dndighsdiy  Gisdiedizdiy  digdondndsy  dodasdasiys dydogdpedyy Sy | PPPPRPP PP P PP
Note: Second word bits d11 - d31 are present only when this vector is
used with a long address. All unused bits set to "0".

V-Vector Type  v,v;v, = 001 Short Instruction Vector
i - Defines instruction type .

d - Definition depends on vector function

x - Standard 4 bit Checksum

Note: As of date of this release all bits in the second word are unused and should be
set to "0". Al unused spare bits should also be set to "0".

_ ip 1y iy | d4ydded,dedsd,dyd,did, B
Temp. Address Activation 0 0 0 [asa,; aja, f4fot,t.1,5,5, & Addr, 7 Frame
Systemn Event 0 0 1 |dydydegddedd,dddd, 11 EventFlags
Reserved 010

Reserved 011

Reserved 100

Reserved 101

Reserved 110

Reserved for Test 111

Temporary Addresses - The FLEX™ protocol specifies sixteen addresses which may
be temporarily activated in a specific future Frame (If the designated Frame is equal to
the present Frame the pager is to interpret this as the next occurrence of this Frame 4
minutes in the future.) These temporary addresses are similar to the Golay Sequential
Code Activation Code Word which allows several activated pagers 1o receive a common
message. The temporary address is valid for one message starting in the specified
Frame and remaining valid throughout the following Frames to the completion of the
message. The subscriber unit will not respond to any Carry On operation for temporary
addresses that may be in effect in the originally specified Frame. If the message is not
found in the specified Frame (Frame defined by a full 7 bit Frame number) the pager
returns to normal operation.

The temporary Base Address is defined to be 1 1111 0111 1600 0000 0000 (MSB to

LSB). Temporary addresses are calculated from the base address by adding binary
0000 (decimal 0) through binary 1111 (decimal 15) to the base.
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System Event - The 11 Event Flags define the specific event or events to take place
within the next 4 FLEX Cycles as indicated by the System Event Notification described
in Section 3.8.5.

dy- SSID TMF split,

d, - NID TMF split,

d, ~-Channel Set-Up Instruction change with BIW 101 (... ... 0110)

d; - Add new frequency to the NID frequency list.

d, - Add new frequency for an LID new Coverage Zone

ds 10 dj5- All Reserved and default to 0.
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3.8.8.

Message Field Definitions
3.881. Numeric Data Message
Standard (V = 011) or Special Format (V = 100) 4, 10, 15, 20, 25, 31, 36, or 41 Characters
1234567 . .. ... . ... e e e e . 2. . . .. . 31 32
Information Parity Ck
1st Word :
K4K5a9a1a2a3b0blb2b3coclczc3dod1d2d3eeelez PPPPPEPPPPDP|P
2nd Word
@380 f: £2 539091 9293 g by by hy 4517 1545 95 9; 3,93} PPPPPPPPERDR]P
3rd Word
kokykpkydogly Ly lamgmmymyngnynany 0y 010,034 | PPPPPPPPPP|P
4th Word
) 92 93 ¥ T Ty I3 89 S Sp 83 Ly Lyt ty uguy uy ugvg vy PppprpPPRPPP|P
5th Word
V2 V3 Wo W1 Wo W3 ¥p Y1 Y2 Y3 Zp 21 Z3 23 Ag A Ay Ay By By By PPPPPPPRPPP|P
6th Word
By Gy €1 C3 C3 Dy Dy Dy D3 By Ey By B3 Fy Fy ¥y F3 Gy Gy Gy Gy PPPPPPPPPP|P
7th Word
Ho Hy Hy B3 Ip Ij Ip I3 3y Jy 3 03 Vg Vp Vp Va Lg Ly L Ly M ppepppPpPPRPPRPE|P
8th Word .
My My M3 O O3 0503 Py Py Py P30y 0 Qp Q3 Ty Ty Ty Ty Uy Uy PPPPPRPPPPP|P
Numbered (V =111} 2 8,13, 18, 23, 29, 34, or 39 Numeric Characters
1234567 ... ... e e e e T 3 .. .. 3132
Information Parity Ck
lst Word ‘
Ky K5 g Ny N N3 Ng N5 Ry Spap a3 agagbybybpbycyey ey | pppppprpppplP
Znd Word
C3dpdy dydzegeyepey £y fy £33 9597 9593 hghyhoby| PppppppPPPDP|P
3rd Word
olidgdzJodidadakokykokalpy Iy lgmymmymen, | ppppPpppPPPPD|P
4th Word
Dy Dy D3 QO3 Oy O3 g 9 9 93 To Iy Iy I3 Sp 53 Sy S3 to g PppPppPPRPPPRPPPPR|P
5th Word
t2t3uo‘-11112U3V0V1V2V3W0W1W2W3Y0Y1Y2Y3292122 PPPPPRPPRPPPR|P
6th Word .
23 By By By A3 By By By By Cy C) Cy €3 Dy Dy Dy Dy Ey By E, By PPPPPPPPPP|P
Tth Word
Fo 1 Fy F3G0 61 G Gy Hy Hy By Hy Iy Ij I I3 3y J; 05 T3 Vy PppPPPPPRPE|P
8th word
ViV ValgLyg Ly Ly My My My My Oy Oy 0503 Py Py Py Py Qy @ PPPPPPPPPPRI|P

Data sent LSB 1st

K - 6 bit Message Checksum (First 4 bits are in the vector word): This Checksum is
calculated by initializing the message Checksum field (K) to zero and summing the
information bits of each code word in the message, (including control information
and termination characters and bits in the last message word ) to a Checksum
register. The information bits of each word are broken into three groups: the first is
the 8 bits comprising bits 1 through 8, the second group comprises bits 9 through16

Bits 1, 8 and 17 are the LSB's of

and the third group comprises bits 17 through 21.
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]

each group. The binary sum is calculated, the result is shortened to the 8 least

significant bits. The 2 most significant bits are shifted right 6 bits and summed with

the least significant 6 bits to form a new sum. This resultant sum is 1's
complemented with the 6 LSB's of the result being transmitted as the message
- Checksum. |

N - Message Number: When the system supports message retrieval the infrastructure
will assign message numbers (for each paging address separately) starting at 0 and
progressing up to a maximum of 63 in consecutive order. The actual maximum roll
over number is defined in the pager code plug to accommodate values set in the
system infrastructure. When message numbers are not received in order, the
subscriber should assume a message has been missed. The subscriber or the
pager may determine the missing message number(s) allowing a request to be
made for retrieval. When a normal unnumbered numeric message is received
{message retrieval flag is equal to 0) it is not to be included in the missed message
calculation. The message retrieval number displayed to the user is tobe 1 + N so
that the user perceives messages numbered from 1to N + 1.

R- Message Retrieval Flag: When this bit is set to 1, the pager expects to see
messages numbered in order (each address numbered separately). Detection of a
missing number indicates a missed message. A message received with R =0 is
allowed to be out of order and shall not cause the pager to indicate that a message
has been missed.

S- Special Format: In the numbered message format this bit set to 1 indicates that a
special display format should be used. ‘

Message Fill Rules: For numeric messages of 36 characters or less (34 characters if
numbered) fewer than 8 code words on the channel are required. Only code words
containing the numeric message are to be transmitted. The "space” character (Hex
C) should be used to fill any unused 4-bit characters in the last word and zeros to fill
any remaining partial characters. The Checksum is correspondingly shortened to
include only the code words comprising the shortened message along with the
"space" and fill characters used to fill in the last word. :

Special Format Numeric: Spaces and dashes as specified by the code piug are
inserted into the received message. This feature in certain markets saves the
transmission of an additional word on the channel. As an example in the U.S.
market a 10 character (area code plus telephone number) fits into two message
words, if the dashes or parentheses were to be included in the message a 3rd
message word on the channel would be required. The actual placement is code
plug definable and can vary between markets.
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3.882 HEX/Binary Message
Vector type V=110 First Only Fragment
1234567 0 0 0 0 v v v i e e e T 214, . . .. . ... 3132
Information Parity Ck

Ist Word

Ko Ky Ky K3 Ky K5 Kg Ky Kg Ko KygRyq Co FoFy Ng Ny Ny N3 Ny Ns | pppppPPPPRPRP|P
2nd Word ‘
" RoMy Dy HyBy By By B3 S0 81 8, 8309558, 5,855,555 S, | pppepprpepppl|P
3rd wWord

apag aazbybybybycye; cpe3dpdidydyege; eyesfy| prpppppPPPRPR|P
4th Word

f1 821390919293 g by by hy dg iy i35 3033 o d3koky{ prPPPRPPRPRPP|P
5th Word '

kopkylplilp lamymy mmyng iy M3 0 01 03039 % % | PPPPPPPPDRPP|P
6th Word

Q3 Ty Ip Ip X3 8g 8y Sp 83 T Tp Ty T3 Ug Uy ug U3 Vg vy vy vy ppeppeppppPpR|P
nth Word

it i 4 41 3 4 i 4 3 i i 4 i i i 4 i i i g PPPPPPPRPRPRIP

Vector type V=110 Al Other Fragments

1234567 . . 0 0 v v 2. . .. .. ... 31 32
Information Parity Ck

1st Word

Ko Ky Xy K3 Ky K5 Kg Ky Kg Ko KygRyy Co Fu Fy Ng My Ny Ny Ny Ns| pppppppppR|P
2nd Word

dgayazaz3bybybybycyep oy dydidydyege;egeyfyl PppppppPPP PP
3rd Word

f1 82839091 9293 g by by by dp iy ini33531 Jyd3koks ] PrppPPPPPRPR]P
4th Word '

kyk3dgly lp l3mpmy mpmy ng Ry DNy 0) 03 003909 % | PPPPRPRPPRDP|P
5th Word-

Q3 Lp I) T3 I3 S Sy Sy S3 Lo Lo Ly ugug wyuyvyvy vy vy pprpPPPPRPPPRP|P
nth Word

i i i 4 i 3 i i i i i 34 3 idi 3 & i id PPPEPPPPPPIE

K - 12 bit Fragment Checksum: This Checksum is calculated by initializing the
Fragment Checksum field (K) to zero and calculating a sum over the information
bits of each code word in the message fragment (including control information and
termination characters / bits in the last fragment word). This sum requires that the
information bits of each word be broken into three groups: the first is the 8 bits
comprising bits 1 through 8, the second group comprises bits 9 through 16 and the
third group comprises bits 17 through 21. Bits 1, 9 and 17 are the LSB's of each
group. The binary sum is caiculated over ail code words in the fragment, the 1's
complement of the sum is determined and the 12 LSB's of the result is placed into
the Fragment Checksum field to be transmitted at the beginning of the fragment.
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G - 1 bit Message Continued Flag: When set to 1, indicates fragments of this message
are to be expected in any or possibly all of the foliowing Frames untit a fragment
with CO = 0 is found.

F - 2 bit Message Fragment Number: This is a modulo 3 message fragment number
which is incremented by 1 in successive message fragments. The initial fragments
starts at 11 and each following fragment is incremented by 1 modulo 3. (11, 00, 01,
10, 00, 01, 10, 00 etc.). The 11 state (after the initial fragment) is skipped in this
process to avoid confusion with the single fragment of a non-continued message.
The final fragment is indicated by the Message Continued Flag being reset to 0.

N - Message Number: When the system supports message retrieval the infrastructure

will assign message numbers (for each paging address separately) starting at 0 and
progressing up to a maximum of 63 in consecutive order. The actual maximum roll
over number is defined in the pager code plug to accommodate values set in the
system infrastructure. When message numbers are not received in order, the
subscriber should assume a message has been missed. The subscriber or the
pager may determine the missing message number(s) allowing a request to be
made for retrieval. When a normal unnumbered numeric message is received
(message retrieval flag is equal to 0) it is not to be included in the missed message
calculation. This number is also used to identify fragments of the same message.
Multiple messages to the same address must have separate message numbers.
An exception to this rule is the header message tied to a transparent message each
with the same message number. The message retrieval number displayed to the
user is to be 1 + N so that the user perceives messages numbered from 1 to N + 1.

R - Message Retrieval Flag: When this bit is set to 1, the pager expects o see
messages numbered in order (each address numbered separately). Detection of a
missing number indicates a missed message. A message received with R = 0 is
allowed to be out of order and shall not cause the pager to indicate that a message
has been missed.

M - 1 bit Mail Drop Flag; When set to 1, indicates the received message can be
processed uniguely.

D - 1 bit Display Direction Field: DO = 0 - Display left to right, DO = 1 - Display right to
left (valid only when data sent as characters i.e. Blocking Length not equal 0001)

H - 1 bit Header Message: HO = 1 Indicates that this message is a header to a following
transparent message of the same message number. HO = 0 implies message is not
a header

B - 4 bit Blocking Length: Indicates bits per character. B3B2B1B0 = 0001 = 1 bit per
character (binary / transparent data), 1111 =15 bits per character, 0000 =16 bits
per character. Data with blocking length other than 1 is assumed to be displayed
on a character by character basis. (default value = 0001)  Note: The preceding
figures show B = 4 bit blocking length.

1- Status Information Field Enabler. If this bit is set = to 1, the first 8 bits of the data
field (3rd word of the first fragment a0 at a2 a3 b0 b1 b2 b3) identify the method of
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encoding used on the remaining data in the message. When the bit is set to 0,
standard HEX / Binary Messaging is in effect. At the present time, the use of these
8 Status Information Field bits and their associated definitions with the | bit set = 1
are Reserved.

$ - 4 bit Field Reserved for future use: Default value = 0000

S - 8 bit Signature Field: The signature is defined to be the 1's complement of the

binary sum over the total message taken 8 bits at a time prior to formatting into
fragments. It would be equivalent to a binary sum starting with the first 8 bits
directly following the signature field (b3 b2 b1 b0 a3 a2 a1 a0 + d3 d2 d1 d0 ¢3 ¢2
c1 ¢c0 etc. ) and continuing all the way to the last valid data bit in the last word of
the last fragment. The 8 least significant bits of the result are inverted (1's
complement) and transmitted as the message signature. (Note: This sum does not
include any termination bits and should be calculated directly on the message as
received by the terminal. The device generating the signature should be able to
calcuiate before the fragmenting boundaries are determined.)

Fields R through § are only transmitted in the first fragment of a message. The fields

K through N make up the first word of every fragment in a multi-fragment message,

Message Content: Starting with the first character of the 3rd word in the message (2nd

word in the remaining fragments), each 4 bit field represents 1 of any of the 16
possible combinations with no restrictions (data may be binary).

Fragment Termination: Unused bits in the last message word of a fragment are filled

with all O's or all 1's depending on the last valid data bit. This choice is always the
opposite polarity of the last valid data bit. For first fragments and inner fragments of
a multi-fragment message, the message is interrupted (stopped) on the last full
character boundary in the last code word in the fragment. Any unused bits follow
the just stated rule. The final fragment follows the above rules except when the last
character is all 1's or all 0's and it exactly fills the last code word. In this case, an
additional word must be sent of opposite polarity of all 1's or all 0's to signify the
position of the last character thus allowing that last character to be an all 1's or an
all 0's character pattern. (This is always the case when a binary message ends in
the last bit of the last word.)

Message Header: (H =1) This is a displayable tag associated with a transparent / non-

displayable data message. The tag and the associated message are complete in
themselves. The pager will associate the header message with the data file based
on the two having the same message number and being sent in sequence {header
first followed by data file).
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3.8.83. Alphanumeric Message

Vector type V=101 _First Only Fragment :

T2 3456 7 o« v v oe e e e e e e e 2. .. ... ... 3132

Information Parity Ck’

lst Word _
KoKleKsK‘;KSKGK?KQKQCGF0F1N0N1N2N3N4N5 ROMO PPPPPPPRPEPRP p
2nd Word

Sp S1 S5 S3 54 S5 Sgap ) ay @3 84 a5 ag by by by by by bsbg| PPPPPPPPPP|P
3rd Word

Cp € €3 C3 64 C5Cdgdydydydydsdgepe;eyezeqesegl PPPPPPPPPPRIP
4th Word

fq £1 £y £3 £4 f5 £500 91 929394 95 g ho hy hy hy hy hshg| PPPPPRPPPPP|P
5th Word

igipipgisigisgigdpdpdadsdadsJekoXyRokskgkskg| PPPPPPPPPP|P
nth Word

i1 ii & id ii i i fdi i i i i3 i i3 PPPPRPRPRDPRPIP
Vector type V=101 Other Fragment

T2 34587 « v v v e e e e e e e e vl ... .31 32

Information Parity Ck

1st Word _

Ky Kq Ky Ky Ky Kg Kg By Kg Ko Cp Fg Fy No My Ny Ny Ny N Up Vo| PPPPPPPPPP|P
2nd Word

ag a; ap @3 @ as &g by by by by by by bg ¢y oy €3 C3S, C5C| PPPPPPPPPPIP
3rd Word

dydy dyd3dydgdgeg e egesegegeg fp ) L T3 6, fsfgf pPPPPPPPPPRIP
4th wWord

9p G, 92 93 94 95 9 Bg by Doy by by he hg ip iy 151344 45 1g) PPPPPPPPPP|P
5th word .

ip 97 32 33 J4 Js Je ko Ky Ko k3 kg ks kg g 1y 13 13 ly l5 g PPPPPPPPPRYP
nth Word

i3 i i 4 0% i 4 i3+ i i i 4 3 3 i & i 1 poPRPRPRPRPRPPRLPE.

Data sent L.SB 1st

K - 10 bit Fragment Checksum: This Checksum is calculated by initializing the fragment
Checksum (K) to zero and summing the information bits of each code word in the
message fragment (including contro! information and termination characters and
bits in the last message word ) to a Checksum register. The information bits of
each word are broken into three groups: the first is the 8 bits comprising bits 1
through 8, the second group comprises bits 9 through 16 and the third group
comprises bits 17 through 21. Bits 1, 8 and 17 are the LSB's of each group. The
binary sum is calculated, the 1's complement of the sum is determined and the 10
L SB's of the result is fransmitted as the message Checksum.

C -1 bit Message Continued Flag: When set (=1) indicates fragments of this message
are to be expected in following Frames.
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F - 2 bit Message Fragment Number: This'is a modulo 3 message fragment number
which is incremented by 1 in successive message fragments. Initial fragments start
at 11 and increment 1 for each successive fragment. The 11 state (after the start
fragment) is skipped in this process to avoid confusion with an initial fragment of a
non-continued message. The final fragment is indicated by Message Continued

- Flag being reset (= 0).

N - Message Number: When the system supports message retrieval the infrastructure
will assign message numbers (for each paging address separately) starting at 0 and
progressing up to a maximum of 63 in consecutive order. The actual maximum roli
over number is defined in the pager code plug to accommodate values set in the
system infrastructure. When message numbers are not received in order, the
subscriber should assume a message has been missed. The subscriber or the
pager may determine the missing message number(s) allowing a request to be
made for retrieval. When a normal unnumbered numeric message is received
(message retrieval flag is equal to 0) it is not to be included in the missed message
calculation. This number is also used to identify fragments of the same message.
Multiple messages to the same address must have separate message numbers.
The message retrieval number displayed to the user is to be 1 + N so that the user
perceives messages numbered from 1 to N + 1.

R - Message Retrieval Flag: When this bit is set to 1, the pager expects to see
messages numbered in order {(each address numbered separately). Detection of a
missing number indicates a missed message. A message received with R = 0 is
aliowed to be out of order and shall not cause the pager to indicate that a message
has been missed.

M - 1 bit Mail drop Flag: When set to 1, indicates the received message can be
processed uniquely.

§ - 7 bit Signature Field: The signature is defined to be the 1's complement of the
binary sum over the total message (all fragments) taken 7 bits at a time (on alpha
character boundary) starting with the first 7 bits directly following the signature field.
(Bsas a3 @y ar 8y bsbs by bybyby by etc) The 7 least significant bits of the result is
transmitted as the message signature. ‘

U, V - Fragmentation control bits: This field exists in all fragments except the first
fragment. It is used to support character position tracking in each fragment when
symbolic characters (characters made up of 1, 2, or 3 ASCII characters) are
transmitted using the Alphanumeric message type. The default value is 0,0.

Message Content: Starting with the 2nd character of the 2nd word in the message (1st
character of the 2nd word in all remaining fragments), each 7 bit field represents
Standard ASCl (ISO 646-1983E) characters with options for certain international
characters.

Message Termination: The ASCH character ETX ($03) should be used to fill any
unused 7-bit characters in-a word. In the case where symbolic characters are being
transmitted special rules for fragment and message termination are defined in
Section 3.8.8.6.
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3.8.84. Secure Message
Vector type V=000 All Fragment
1234587 . & . @ v v v vt e e e e e e e 2f. . . . ... 3Y 32
Information Parity Ck
ist Word

Ky Ky Ky Ky Ky K5 Kg Ky Kg Kg Cy Fg Fp Ng Ny Ny N3 Ny N5 Tty
2nd Word :

ao al a2 a3 6‘14 a5 aG bo bl b2 b3 b4 bS bG CO Cl Cz C3 C4 CS CG
3rd Word

o
nth Word
i i 4 i i i ii i 4 4 i 44 i i ii i i i

PPPPPPPPPP

PPPPPPPPPP

ppRprpPPRPPP

dydy dydzdydsdgepe;eyegegesag £y f) I f3f fsfgy PPPPPPPPPPRIP
4th Word
Gy 91 92 93 94 G5 9g Do hy by hy by hes hg 45 1y 15 331, 53] PPPPPPPPPP|PF
5th Word
Jp d1 Jadadsdsdg ko ko kaky ks kg lg 1yl I3 L s lg| pPPPPPPPRPRP

Data sent LSB 1st

K - 10 bit Fragment Checksum: This Checksum is calculated by initializing the fragment

Checksum (K) to zero and summing the information bits of each code word in the
message fragment (including contro!l information and termination characters and
bits in the last message word } to a Checksum register. The information bits of
each word are broken into three groups: the first is the 8 bits comprising bits 1
through 8, the second group comprises bits 9 through 16 and the third group
comprises bits 17 through 21. Bits 1, 9 and 17 are the LSB's of each group. The
binary sum is calculated, the 1's complement of the sum is determined and the 10
LSB's of the result is transmitted as the message Checksum.

C -1 bit Message Continued Flag: When set (=1) indicates fragments of this message

are to be expected in following Frames.

F - 2 bit Message Fragment Number: This is a modulo 3 message fragment number

which is incremented by 1 in successive message fragments. Initial fragments start
at 11 and increment 1 for each successive fragment. The 11 state (after the start
fragment) is skipped in this process to avoid confusion with an initial fragment of a
non-continued message. The final fragment is indicated by Message Continued
Flag being reset (= 0}.

N - Message Number: This number is used to identify fragments of the same message.

Multiple messages o the same address must have separaie message numbers.
The number ranges from 0 to 63.
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t - 2 bit Secure Message Type Field.
ty ty=0,0 represents 7 bit ASCll data being transmitted
tyty=1,0 represents binary data format (1 character = 1 bit)
tyty=0,1 represents data with defined fields
t ty=1,1 reserved '

Message Content:
For t; t, = 00, the message is delivered over the network as if it were made up of
ASCIl characters. Starting with the first character of the 2nd word in the message
(and 1st character of all remaining fragments), each 7 bit field represents Standard
ASCI! (ISO 646-1983E) characters with options for certain International characters.

Often Secure messages start with specific operation codes therefore the 1st 7 bits
of a general message should start with an alphabetic or numeric character. Other
characters should be considered reserved for possible operation code use.

Message Termination:
For ASCIi message type t, t, = 0 0, the ASCIi character ETX ($03) should be used

to fill any unused 7-bit characters in the last word (in the last fragment).

For Binary message type t, t, = 1 0, unused bits in the last message word of the
message are filled with all 0's or all 1's depending on the last valid data bit. The
choice is always the opposite polarity of the last valid data bit. When the message
ends exactly in the last bit of the last message word an additional word must be
sent of opposite polarity all 1's or all 0's to signify the position of the last bit.

For data with defined fields type t, t,= 0 1, no special termination is required.

3.8.85. Full Bandwidth Message Protocol (Future)

In the future it will be desired to deliver messages over the RF channel at the full 6400
bps rate. An extension of the FLEX™ protocol will be defined providing the assembly
of messages at the full 6400 bps rate (as opposed to the single phase rate of 1600
bps). It is expected that this capability would be used for special applications only
since it does not have an effect on channel capacity just the latency in receiving long
data files.
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3886  Alphanumeric Message Rules for Symbolic Characters Seis

In the past, paging protocols have supported symbolic characters like Chinese, Kanji,
etc. using a 7 bit ASCH protocol. When the FLEX™ alphanumeric mode is used to
carry this same signaling format, special fragmenting rules are required to maintain
character boundaries so performance will be optimized under poor signal conditions.
The following rules allow character positions within a fragment o be determined when
prior fragments are missing.

ENHANCED FRAGMENTATION RULES:

1) The pager must recognize <NUL> characters only at the end of fragmentis where
they are used as fill characters. The pager must remove these characters so that the
displayed message is not affected. In all other positions the NUL character must be
considered a result of channel errors. {This provides a method to end each fragment
with a complete character and does not disrupt a pager which is not capable of following
all of the EF (Enhanced Fragmenting) rules.)

2) The last fragment is to be completed by filling unused character positions with <ETX>
characters or <NUL> characters. (Original FLEX™ alphanumeric message definition
(<ETX>) plus the new <NUL> requirement.) When the message ends exactly in the last
character position in the last BCH codeword, no additional <ETX> characters are
required.

3) The U and V bits in the message header are available in all fragments following the
initial fragment to aid in decoding. In the first fragment the pager must assume the
message starts in the default character mode.

For the second and remaining fragments the definition of the (U,V) field is as follows:
0 0 EF notsupported in Infrastructure
0 1 Reserved (for a second alternate character mode)
1 0 Default Character Mode
1 1 Alternate Character Mode

When the EF field is 0 0, the pager will decode messages allowing characters to be split
between fragments. When the U,V field is not 0 0, each fragment will start on a
character boundary with the character mode defined by the above table.

Note: It is required that the encoding device dissect the message in order to
contro! character boundaries within each fragment.
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3.8. FLEX™ ROAMING STRUCTURE

The FLEX™ paging protocol defines two methods for supporting roaming pagers. The
first method is called SSID (Simulcast System IDentification) roaming and is based on
the pager identifying each simulcast area which is to be included in the desired roaming
area. The pager, in this case, contains a channel scan list with the information required
to find and identify each simulcast system.

The second method is referred to as NID (Network IDentification) roaming and is based
on the pager examining RF channels for the presence of a marker (NID) carried in the
address and vector fields indicating that the channel is affiliated with the desired roaming
network. This type of roaming is better suited for large, possibly global, coverage areas
where it would be impractical to store every possible Simulcast System IDentification
making up the desired total coverage area.

Roaming Terms:
The Simuicast System IDentifier (SSID) together with the Network IDentifier (NID)
represent the basic building blocks used in FLEX™ Multi-Area Roaming.

Simulcast System IDentifier

A Simulcast System IDentifier (SSID) is composed of a Local IDentifier (LID) (9 bits), a
Coverage Zone (5 bits), a Country Code (10 bits) and Traffic Management Flags (4 bits).
These components when combined with an RF frequency, define a specific simulcast
coverage area. The 9 bit LID is unique within the same Country Code not to be
reassigned to another operator in any paging RF band. The pager's memory resource is
the only limit to the number of SSID’s a pager can store. RF channel frequency
information combined with an SSID identifies one unique simulcast area on the Earth.
Placement of SSID information in the FLEX™ structure is defined in Section 3.9.1.

Network iDentifier -
A Network [Dentifier (NID) is composed of a Network Address (from the set of 4096),
and 12 information bits carried in a Short Message Vector. The 12 bits are divided into
fields as follows: Service Area ldentifier (5 bits), a Multiplier (3 bits) and Traffic
Management Flags (4 bits). Placement of NID information in the FLEX™ structure is
defined in Section 3.9.1. :

A RF channel may combine roaming traffic from several different Service Providers by
carrying their respective NID’s. An NID is unique across an RF band. This allows the
pager to scan (if necessary) all frequencies within the subscriber unit's RF range for the
channel carrying its assigned NID.
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39.1. SSID and NID Requirements to Support Multi-Frequency Roaming.

Simulcast System IDentification (SSID) Placement Rules - When a Service Provider
supports roaming and possibly the transmission of real time and calendar information the
following placement rules are to be followed as illustrated in the following tables below:

1) GPS (or a Universal Time reference which is synchronized to within £1 millisecond of
GPS) must be used to align the leading edge of the 1st bit of Bit Sync 1 of Frame 0
to the 4 Minute Timing Marks. Frame 0, Cycle 0 is transmitted at the top of the
GPS hour. The GPS time requirement forces all RF channels in a roaming system
to be time aligned {worst case +/- 2 mS time offset between any two channels with
each channel aligned to within +/-imS of GPS time).

2) The Roaming Support bit (ng) in the Frame Information Word must be set to 1 when
the channel obeys Rule 1) and obeys roaming information placement rules.

PHASE
. |
rame .4\ B c B 3) If a system supports an SSID only, FLEX™ Frames

Tt T2 T3

awin T EiaT] 0, 1, 2, & 8 must be transmitted (7.5 Second

wiir BT minimum transmission at beginning of each 4
— Minute FLEX™ cycle).

{ETWG0D

BT BV 111

8IW000 4) SSID information must follow, at 2 minimum, what is

G000 shown in the Figure (BIW 000 in all Frames

BTWoa0 transmitted, BIW 111 in Frames 0, 1, 2, 3). The

BIWG00 phase placement is determined by Modulo 4 of the

e ‘ ~ Frame number where Phasea=0,b=1,¢c =2 and

IRIW000 d=3.

BIwWaoo

W0~ Ot BN O

-t
<

5) Protocol mixing, Channel 1D Licensing signals (FCC,
etc.) and Channel Sharing with another operator
may take place only during the time periods aligned
with Frames 4 through 127 to ensure the presence
of the mandatory Frames 0 through 3.

BIwO00

e
-ty

BIWCCD

i
N

BIW000

-
(]

BIW000

-t
k-3

k-
(42

BIW0G0

BIWO0D 6) Time, if supported, and other information is expected
BIW000 to appear in the Block Information Words. Time
BIW000 when supporied must appear in each Phase
awoo | transmitted in Frame 0 Cycle 0 rotating through the
supported time related BiWs. In order to meet this
requirement at 1600 bps, the BIW101 Channel Set
Up Instruction is allowed to be removed from Frame
0 creating space for one time BIW. Time should
rotate within each phase and across phases so the “Any” Phase pager may obtain a
complete set of time information from Frame 0 at 6400 and 3200 bps. At 1600 bps,
it may take 3 hours to completely update time. (“T” in the Figure represents time
placed in the BIW field). [f additional BIW positions are available, Time BIWs can
be utilized to fill the open BIW positions allowing faster Time information delivery.

wh
L2

Al
-

—h
o0

-
o

LI

12:? BIW000

7) When supported, Frame Offsetting information must follow what is shown in the
preceding figure. The BIW 101 locations in the rectangles represent the Az A, Ay Ay
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field set to 0110 providing Channel Set Up Instructions for the RF channel. The
phase placement is determined by the 1's complement of Modulo 4 of the Frame
number where Phase a=0,b =1, ¢ =2 and d = 3. When the system operates at
3200 BPS, the standard fransfer of phase information described in Section 3.5.2 is
used (Phase b is combined into Phase a, Phase d is combined into Phase ¢). Ina
1600 BPS system, the Frame Offsetting BIW must be placed in each of the
mandatory Frames if a BIW position is available. However, this Frame Offsetting
BIW must be placed in Frame 3.

in cases where a channel is shared, the above FLEX™ requirements must be
followed in order for the channel to provide roaming services.

NID (Network ldentification) Requirements to Support Multi-Frequency Roaming -
NIDs are markers placed in the FLEX™ protocol to identify the Roaming Network

PHASE
Frame A B c D
BIWGe00 T T
0 EARREE (TP 7 3 B!W1€31l
1 /W00
siwiis  [Bwiod
o BIWOGOD
HiW101 B 11
] BIWOCO
3 EAH BV
4{Biwoco
. BV 107
{BIwaos
5 B 1011
I
g IN101 BIWOS %N_LD 2]
BIWOSO
7 | G
G
g | BIWCD G5
9 BIWG00
10 BIWOGO
11 BIWOOO
{21 BIW000
12 BIWODG
BIW000
1 4 NID 2
15 BIW0OO
16} BIWooD o
17 BIWOGO
18 BIW00D
19 ls1woos
L]
127 BIWGCO

affiliations of each particular RF
channel. The NID consists of a
special network address located in
the address field followed by the
Short Message Vector in the vector
field. The Subscriber Unit looks in
predetermined Frames and phases
on each FLEX™ RF channel to
identify which RF channels support

- the desired network roaming service.

The NID is generally used to group
many simulcast areas together
forming Regional, National, or Global
Networks. The Subscriber Unit
typically would be assigned only one
NID while an individual RF channel
could support many networks by
carrying the required different NID's
in the proper Frames.

In most cases, an RF channel
supporting NID's will already carry
SSID information, however, if no
SSID support is to be carried on the
RF channel rules 1), 2), 6) and 7)
must still be observed in addition to
the following rules:

8) When NID roaming is supported Frames 0 through 7 must be transmitted in every
FLEX™ cycle (15 Seconds minimum transmission at the beginning of each 4
Minute FLEX™ cycle).

9) Protocol mixing, Channel ID Licensing signals (FCC, etc.) and/or Channel Sharing
with another Service Provider must be confined to Frames 8 through 127 to ensure
the presence of mandatory Frames 0 through 7.
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10) Each NID is located in a specific Frame in the range of Frames 0 through 7. The
phase placement is determined by Modulo 4 of the Frame number where Phase a =
0,b=1,c=2andd=23. (Carry On does not apply to NID placement.)

11) NIDs must appear in other Frames which are optionally transmitted when Modulo 8
of the Frame number is the same as the NID expected Frame. This means that on
a shared channel with two or more FLEX™ operators, each must support the
transmission of both operator's NIDs.

12) The expected placement of an NID is determined by the following set of rules:
a) Each RF channel is represented by a number (M) in the range of 0 through 7
where; M = Modulo 8 of Integer [{Freqg. kHz) / (25 kHz)]
b) N = Modulo 8 of Network Address (same as 3 LSB’s)
c) C = Modulo 8 of the FLEX™ Cycle Number (0 through 14)
d) Expected Frame = F = Modulo 8 of Sum N+M+C.
(The formula in Rule 12 makes it possible to search 8 consecutive
RF channels for the same NID in the 15 second (8 Frame) period
at the beginning of each 4 minute period of time. it also causes
the NID to shift one Frame each cycle thus alleviating possible
shadow probiems in the coverage overlap / straddie areas.)

13) When supported, Frame Offsetting information must follow what is shown in the
preceding figure. The BIW 101 locations in the rectangles represent the Az A, Ay Ag
field set to 0110 providing Channel Set Up Instructions for the RF channel. The
phase placement is determined by the 1's complement of Modulo 4 of the Frame
number where Phasea=0,b =1, c =2 and d = 3. When the system operates at
3200 BPS, the standard transfer of phase information described in Section 3.5.2 is
used (Phase b is combined into Phase a, Phase d is combined into Phase ¢). Ina
1600 BPS system, the Frame Offsetting BIW must be placed in each of the
mandatory Frames if a BIW position is available. However, this Frame Offsetting
BIW must be placed in Frame 7.

392  System Message Transmission

Sending System Messages Using the BIW

A System Message must be initiated in Frame 0 when a BIW position is open for System
Messaging. If a BIW position in Frame 0 is not available, the first Frame transmitted
after Frame 0 which has an available BIW position is to be used for the System
Messaging. Pagers which desire to receive System Messages will look in Frame 0 for
the possibility of a System Message. After receiving a System Message, the subscriber
unit may choose to ignore future messages or to look much less frequently (for example,
maybe just once a day). This choice would depend on the type of subscriber unit and a
choice made by the user.

The method of transmission is to place BIW 101 in the Block information Word field and
add an extra Vector at the end of the Vector Field. The Vector then points to the System
Message following all the rules for Vectors (all Vector types are valid except the Secure
Vector). The Message Retrieval Flag (R bit) must be set to zero for BIW System
Messages. If a fragmented message is to be transmitted, the BIW 101 must be re-stated
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in a following Frame with the next message fragment. Except for BIW 101 acting as an
address, rules for normal fragmented messages apply.

When the BIW System Message has a corresponding Operator Messaging Address,
both the BIW 101 and the Operator Messaging Address and its message must be sent.
The Operator Messaging Address method allows subscriber units to receive System
Messages utilizing the same means as personal messages.

Sending an Operator Messaging Address System Message As indicated in Section
3.8.5, System Messages and Instructions shall be delivered in Frame 0 using these
addresses in the same manner as a normal FLEX™ Address, Vector and Messaging
event. This isrequired for delivering System Messages.

Sending a NID System Message

Each Network Address by definition must be transmitted at a minimum once in the range
of Frames 0 through 7. When a message is to be sent, the Network Address must
appear twice, consecutively (next to each other in the same phase) in the address field,
within the mandatory Frames as defined by the NID placement rules. The first Network
Address is used to define an NID and the second Network Address may initiate an
associated System Message. Short Message Vectors are not allowed for use as a
System Message as the message and address combination could be interpreted as an
additional NID.

This message could be as simple as a “Welcome Message” or in the future it might .

deliver channel information which could assist a roaming subscriber assigned to that
particutar NID. The Message Retrieval Flag (R bit) must be set to zero for NID System
Messages.
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383  Frame Offsetting Example

When the desired roaming coverage pattern contains separate simulicast areas which
overlap, it is desirable for the pager to detect the degraded performance which occurs at
the fringe of one coverage area and start examining the other potential frequencies in
order to prepare for a switch to another channel. When these conditions are anticipated
by the Service Provider, a pager's Frame assignment can be altered on each scanned
RF frequency to allow monitoring of

Local ~Scant  Scan2 Sean 3 several RF channels through time
multiplexing at the FLEX™ Frame

Frame N
rate. As one channel emerges as
N+1 the dominate strong signal, most
likely, the other channels can be
N+2 dropped.
N+3
In some cases, the pager may be
N+d required to monitor all assigned
frequencies in the overlap areas
N+5 even if some signals are weak.
N+6
N+7
N+8
N+9
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394. Registration Acknowledgment Message

Registration is an optional feature in FLEX™. The subscriber conveys his desire to
temporarily change his Coverage Area by interacting with the terminal database. An
optional Registration Acknowledgment Message may be transmitted to the subscriber
unit to let the subscriber know that the system has accepted his request.

The Registration Acknowledgment Message uses a Secure Message of the ASCII
Character type (t, t, = 0 0). This message is transmitted using the Primary Subscriber
Unit address in response to the subscriber requesting service to be temporarily
changed, modifying areas of coverage. '

_ Registration Acknowledgment - Secure Message
Vector type V=000 t; t3 =00

1 2 3 4 5 6 7 . . 0 i v v v i e e e e e e 21122 311 32
Information Parity Ck
lst Word
KO K1 K2 K3 K4 K5 K6 K7 KB K9 C0 . FO FL NO N1 N2 N3 N4 NS 0 t1
2nd wWord
1 0 1 1 1 10 r0 I r2x3rdrd 6 r7 r8 9 rl0 il ri2 ri3

Data sent 1.8B 1st

The K, C, F, N, t Fields in the 1st Word are all defined in Section 3.8.8.4.
The 2nd Word definitions are:

Bits 1-7 -~ Operation Code for Registration Ack. {“=" Hex 3D)

Bits 8-21 — Reserved (default to ETX characters)

3.9.5. Registration Instruction

The Registration Instruction is an operator option allowed only in certain countries’.
When used, it provides the function of the previous Registration Acknowledgment
Message plus it aids the pager in determining which channel is carrying the desired
traffic.

The following figure illustrates the registration process as seen by the pager through the
information provided in the Registration Instruction. The subscriber contacts the service
provider by telephone and describes the areas he intends to visit, the approximate time
of arrival and duration of stay in each area. A message is sent to the pager using the
secure message for providing the information shown in the figure.

As can be seen in the figure, each “Start” of new coverage may represent 1 or more
coverage areas. The overlap time is the time to hold the previous coverage area in the
registered status after the new coverage area becomes registered. This overlap might
typically be on the order of 4 hours but could be extended up to 64 hours. Expiration of
the final “duration” results in the pager returning control to the scan list stored in the
pager's memory.

1 The registration instruction may not be aiowed in certain countries. Please check with the Motorola
licensing manager. Refer to page ii.
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Registration Example

¥4 SSID4

Time
Registration
Received

; |
l F2 SSID2

F3 SSID3

—

F1 SSID1 Home ! F1 SSID1 Home

i Berait N B
Duration 1 » Duration 2

Pl ot — — e

Overlap 1 Overlap 2

Detailed description of the Secure Instructions are
available in the Document entitled “Secure
Instructions to FLEX™ Pagers” available to qualified
organizations (e.g. licensees and paging operators
evaluating FLEX™) under Non-Disclosure Agreement
with Motorola. See Notice page ii

3.9.6. System SSID Change Instruction

Several types of Information may be communicated to the subscriber unit concerning
system changes that have recently occurred or are about to occur.

Types of changes indicated:
- An up-coming traffic split to a new RF Channel using TMF's
- An on-going indication of a split that has occurred in the past
- A Coverage Area addition for subscriber units which have the indicated coverage
area already included in the pager scan list. The Service Provider must anticipate
this coverage addition at the time the pager is programmed. The LID, Country
Code, and Coverage Zones (to be activated in the future) are programmed in the
pager. At the time when the coverage area is available or when the decision as to
which RF frequency is to be used all pagers may be delivered the information
through the System SSID Change Instruction. Reception of the RF frequency
activates the scan list entry.
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The System SSID Change Instruction uses Operator Messaging Address 1110 which
will be monitored by all multi-frequency subscriber units which have chosen to monitor
this channel because of the SSID.

The System SSID Change Instruction is mandatory for those systems which use TMF
splitting. These messages are sent in the first 8 frames of a FLEX™ cycle uniess the
system only supports SSIDs and frame 4 through 7 are not transmitted. The instruction
is placed in the same phase as the SSID 2 Cycles before and 2 Cycles after the Cycle
which contained the change (this is a total of 5 Cycles). After the change has taken
place, this message is recommended to be sent once an hour (at the discretion of the
Service Provider) to allow all subscriber units to recognize the change.

Detailed description of the Secure Instructions are
available in the Document entitled “Secure
Instructions to FLEX™ Pagers” available to qualified
organizations (e.g. licensees and paging operators
evaluating FLEX™) under Non-Disclosure Agreement
with Motorola. See Notice page ii

38.7. System NID Chénge instruction

The use of the System NID Change Instruction is optional. When utilized, they are sent
in the mandatory frames 2 Cycles before and 2 Cycles after the Cycle which contains the
change (a total of 5 Cycles). After the change has taken place, this message is
recommended to be sent once an hour (at the discretion of the Service Provider) to allow
all subscriber units to recognize the change. The indicated RF frequency is equal to the
value transmitted times 1.25 kHz. The LSB is transmitted first in all fieids.

This instruction is similar to the System SSID Change Instruction in that it gives an early
indication of a traffic management channel split or informs the subscriber unit that a new
NID Service area has become available. This System instruction uses a Secure
Message of the type t, t; = 0 1. The Instruction is initiated by the Network Address of
the affected NID (second of 2 consecutive addresses initiates the message) and is
transmitted in the mandatory frames. The System NID Change Instruction data is
described in the following table.

Detailed description of the Secure Instructions are
available in the Document entitled “Secure
Instructions to FLEX™ Pagers” available to qualified
organizations (e.g. licensees and paging operators
evaluating FLEX™) under Non-Disclosure Agreement
with Motorola. See Notice page ii
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3.88. Roaming System Design Elements

In order to provide a basic understanding of the principles involved in the design of a
multi-frequency roaming system, the following material briefly describes the Encoding
process. Additional material may be found in the FLEX™ System Management
Documentation paper “The FLEX™ Protocol’'s Operational Capabilities for Multi-
Frequency, Multi-Area Use”.

Each subscriber unit contains a list of potential RF frequencies along with associated
SSiDs and NIDs. Addresses associated with these SSIDs and NIDs are stored in the
subscriber unit and identified as being active at “Home” or in “All” coverage areas. Ali
addresses in the pager must be associated with one Traffic Management Flag (TMF).
The TMF choice is determined by the Primary Individual address active at “Home”.

Coverage Classifications

The “Home” is typically identified by a SSID or a set of SSIDs (an LID, Coverage Zone,
Country Code and Traffic Management Flag). The Encoding Device sends messages
to this SSID or this set of SSIDs when applicable.

Coverage areas away from “Home” typically will be based on an NID and will fall into
two classifications.

“Roaming Coverage Type 17 - this type of coverage support results in the
Encoding Device sending messages to the desired area plus all other Coverage
Areas which overlap the desired area and transmit the same NID (Network Address,
Multiplier, Service Area and Traffic Management Flag).

“Roaming Coverage Type 2” - this type of coverage support results in the
Encoding Device sending messages only to the desired area which transmits the
required NID (Network Address, Multiplier, Service Area and Traffic Management
Flag). .

The above Coverage Classification definitions identify the development needs of the
FLEX™ roaming subscriber unit.
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4,

FLEX™ ENCODING AND DECODING REQUIREMENTS

41. PURPOSE

The purpose of this section is to compliment the entire document with respect to
encoding requirements for implementing FLEX™ in Encoding Systems and decoding
requirements for implementing FLEX™ in Decoding Systems, such as a pager. The
intent is to ensure that features and services dependent wholly or partially on FLEX™
are implemented in an inter-operable manner among various manufacturers.

The following Sections will be highlighted as Rules or Recommendations. All are
considered as Rules unless otherwise noted. The definitions of these two items are as
foliows: .

Rule: A rule is a mandatory attribute that must be followed to be compliant w:th a
version of the specification.

Recommendation: A recommendation is a suggested atiribute considered to be highly
desirable. In some cases, a recommendation may optimize the enablement of future
enhancements to the specification.

42. SCOPE

These encoding and decoding specifications apply to all Encoding Systems or Devices
and Decoding Systems or Devices claiming compliance to the FLEX™ specifications
Document Number: FLEX™-83001. These systems and devices include the pager
(subscriber unit), paging terminal or paging encoder. Rules and Recommendations are
included in this Section to compliment the operational means of the entire document in
order to format a FLEX™ data stream properly for RF transmission and to decode it
successiully.

43. FLEX™ ENCODING RULES

431. General FLEX™ Encoder Rules

4.3.1.1. The stability of the Encoder clock used to establish time positions of
FLEX™ Frames must be no worse than +25 ppm (including worst case
temperature and aging effects).

4.3.1.2 Once a FLEX™ transmission has been initiated to FLEX™ Decoders
on a channel, the FLEX™ Encoder must maintain Frame synchronization
continuously thereafter to the specified stability of timing.

4.3.1.3. If the Encoder loses FLEX™ Frame synchronization timing, the
Emergency Re-synchronization pattern must be sent before any new FLEX™
messages may be transmitted. This pattern must be sent continuously
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duration that exceeds the longest Decoder battery save cycle used in the
coverage area of the system where synchronization was lost.

Frame Management Rules

4.3.2.1. Transmission of a Frame may be terminaled prior to the end of the
Frame (shortened early) only after all whole Blocks containing data have been
transmitied.

4322 Whenever a Frame is shortened early, it must not terminate prior to the
end of the first Block where the Block Information Word(s) is (are) found.

4.3.23. Frames may be skipped to provide access to protocol signaling other
than FLEX™ on the channel.

4324. A pager Collapse value {battery save cycle) must be assigned to each
individual and radio group address. This value defines the maximum interval
between Frame searches, without taking into account the system Collapse

- value.

4.3.25. The pager Collapse value (battery save cycle) for each individual and
radio group address that is stored in the Encoeding sysiem and acted upon at
the Encoder must be the same value stored in the Decoding System or Device
(pager / subscriber unit).

43.26. The system Collapse value must be the same for all phases and
Frames.

43.27. Changes to the System Frame ID Collapse Mask in Block information
Word 1 requires the 4 Low Traffic Flags in the Frame Information Word to be
cleared (set to 0) in every Frame (starting with the Frame in which the change
was made) for a duration that exceeds the longest Decoder battery save cycle
used in the coverage area of the changed system.

43.28. The 4 Low Tratfic Flags in the Frame Information Word must be
cleared (set to 0) in any Frame where the Carry On feature is used (i.e. when
the two Carry On bits are not "00").

Pager Synchronization Acquisition Rules

433.1. Minimum channel activity required to support FLEX is at least 1 full
Frame per minute (32 Frames) or in the case of shared channel operation at
least 1 full Frame per 4 minutes (128 Frames). The FLEX encoder and the
FLEX pager must support both conditions. A full Frame is defined to be 1.875
seconds long, with idle code filling any unused portion of the Frame. Once a
full Frame is sent within the specified time period, additional Frames may be
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shortened.

43.3.2. RECOMMENDATION: Itis recommended that idie time on the
channel be filled with FLEX™ idle Frames. When there is not enough time %o
send a complete idle Frame, as may occur on a mixed protocol signaling
channel, an alternating 1,0 fill pattern at 1600 bps can be sent. For example, a
channel fill pattern should be started at the end of the POCSAG transmission
and continued until the FLEX™ Frame begins.

4.3.4, Transmission Phase Selection Rules

4.3.41. Individual and radio group addresses which have been assigned to a
Single Phase Decoder must be assigned to one of the four available phases {a,
b, c, or d).

4342 Al individual and radio group addresses assigned to a Single Phase
Decoder must be assigned to the same phase.

4.3.4.3. Address assignments to Single or Any phase Decoders and phase
assignment to single phase Decoders must be stored in the Encoder and must
be the same value as stored in the Decoder code plug for each individual and
radio group address.

4.3.44. Individual and radio group addresses which have been assigned to
Single Phase Decoders must always be sent in the assigned phase of the
Decoder.

4.3.45. Individual and radio group addresses which have been assigned to
Any Phase Decoders can be sent in any available phase.

43.46. Phase assignments of dynamic group addresses (using the Short
Instruction Vector) must be consistent with Rules 4.3.4.1, 4.3.4.2 and 4.3.4.5.

435. Message Addressing Rules

435.1. Each individual and radio group address must be assigned to one of
the 128 available Frames of a FLEX™ cycle. . '

4352 An individual or radio group address must be asmgned to only one
Frame.

4.353. The Frame assignment for each individual and radio group address
that is stored in the Encoding System and acted upon at the Encoder must be
the same value stored in the Decoder.
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4.3.54. A maximum of 2 occurrences of an identical individual or radio group
address is allowed In any Frame for unfragmented messages. This rule
applies across all phases in a multi-phase Frame. For example, for Decoders
that support Any Phase addressing, an Any Phase address may appear once
in two different phases in a single muiti-phase Frame.

4355  Once an individual, Operator Messaging, NiD or radio group address is
used to begin transmitting a fragmented message, that same address must not
be used to start a new fragmented transmission until the first fragmented
transmission has been completed.

4356, For the duration of time that an individual or radio group address is
being used to send a fragmented message, thalt same address must not
appear more than once in any Frame to send an unfragmented message.

435.7. Once a specific dynamic group address {temporary address) is
assigned to a group, it must not be reused until its associated message has
been transmitied in its entirety. Given this constraint, the same dynamic
group address can only appear once in any Frame.

43.58. A dynamic group address cannot be used to set up a second dynamic
group.

43.6. Message Fragmenting Rules

43.6.1. Messages using any of the three defined Numeric Vectors (011, 100,
111} cannot be fragmented, and thus must be contained completely within a
single Frame.

43.6.2. Fragments of the same message must be sent at a frequency of at
least 1 fragment every 32 Frames {at least one per minute). in special cases,
the frequency of fragments may be extended to 1 fragment every 128 Frames
{at least one fragment every 4 minuies). These special cases include but are
not limited to channels that support roaming, channels that are shared
between multiple Service Providers and channels containing a repeat format.
The Encoder and Subscriber Unit must support both conditions.

4.3.6.3. Enhanced Message Fragmenting for Symbolic Character transmission
requires that the Encoder track character boundaries within each fragment in
order to avoid character splitting.

4.3.7. Message Retrieval Numbering Rules
4.3.7.1. Message numbering is an optional feature.
4372 Message numbers must be assigned sequentially in ascending order.
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437.3. Message number sequences must be maintained independently for
each individual and radio group address.

43.74. Message numbers are not used (retrieval message number dﬂsamed}
m conjunction with a dynamic group address.

43.7.5. Rule Deleted

4.37.6. When a missed message is re-transmitted from message retrieval
storage, the message must have Rg = 0 1o avoid creating an out of sequence

message which may cause the Decoder to indicate a missed message.

4.4, FLEX™ DECODING RULES
4.4.1. Genem FLEX™ Decoding Rules

44.1.1. FLEX™ Decoders may implement either Smg!e Phase addressing or
Any Phase addressmg

4412, Rule Deleted.

4.4.1.3. FLEX™ Decoders that Suppon the Numeric Vector type 011 must also
support the short message vector type 010, with message type 1,t, set to 00.

4.4.14. FLEX™ Decoders that support the Alphanumeric Vector type 101 must
support the Numeric vector type 011 and the short message vector type 010,
with message type i1, set to 00. "Any" Phase and "All" Phase Decoders
which support the Alphanumeric Vector type 101 must also support the
instruction type 000 of the Short Instruction Vector type 001.

44.1.5. FLEX™ Decoders must be capable of decoding Frames at all of the
following combinations of data rate and modulation modes: 1600 bps, 2 level;
3200 bps, 2 level; 3200 bps, 4 ievel; 6400 bps, 4 level.

4.41.6. FLEX decoders must be designed to accept the 1 Frame per 4 minute
RF channel activity described in Rule 4.3.3.1 and tolerate 4 minute fragment
separation times.

45. MULTI-FREQUENCY FLEX™ ROAMING RULES
45.1.  Multi-Frequency Roaming FLEX™ Encoder Rules

4.5.1.1. GPS Time Coordination (or other universal time standard adjusted to
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+1 mS of GPS) is required of all Roaming channeis with the beginning of

Frame 0 aligned with the 4 Minute Time Marks. Channels for multi-frequency

roaming must transmit the Frame Information Word wam bit n, set fo 1 in every
- Frame.

45.1.2. When SSID’'s are transmitted on the channel, Frames 0 through 3 must
be transmitted in their emwety When no traffic exists, ldle Words must be
used to fill Frame Blocks. ~

4.5.1.3. When NID's are included on the channel, Frames 0 through 7 must be
transmitted in their entirety. When no traffic exasts, idie Words must be used
1o fill Frame Blocks.

451.4. SSID’s and NID's when transmitted appear in the Phase defined by the
formula: Phase = Modulo 4 (Frame #)} where the resultant 0, 1, 2, 3 corresponds
to Phases a, b, ¢, d respectively.

4.5.1.5. When FLEX™ Is tranismitted at 3200 bps, the. SSID and NID information
carried respectwely in the Block Information field and the address field in
Phase a is combined with information in Phase b for transmission in Phase a.
Likewise, same information in Phase ¢ is combined with information in Phase
d for transmission in Phase ¢.

'451.6. When FLEX™ is transmifted at 1600 bps, data in all Phases are

combined for transmission in Phase a.

4.5.1.7. SSID Block Information Word 000 {(BIW 000) must appear in every
FLEX™ Frame transmitted on RF channels supporting SSID’s.

45.1.8. SSID Block information Word 111 (BIW 111) must appear in FLEX™
Frames 0 through 3 on RF channels supporting SSID’s.

4.5.1.9.  NID's must appear in FLEX™ Frame Numbers (F) on a RF channel
supporting the NID determined by the following placement rule: ‘Modulo 8 (F)
= Modulo 8 (M+N+C) where M is the integer portion of the nominal radio
frequency in kHz divided by 25 kHz, N is the Network Address portion of the
NID, and C is the current FLEX™ Cycle number. (This does not force

_4 ,,,__add,itiqnql E;jg‘mes_‘_to be transmitted outside of the mandatory Frames.)

'45.1.10. ' Rule Deleted

4.5.1.11. Protocol mixing is allowed during Frames 4 through 127 on channels
only supporting SSID’s. Protocol mixing is allowed during Frames 8 through
127 on channels supporting NID's. (Protocol mixing is defined as FLEX™
signaling replaced by an aiternate protocol.)
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45.1.12 When a multi-frequency roaming Channel is Shared, FLEX™ must be
transmitted during Frames 0 through 3 {or 0 through 7 when NID’s are present)
and a singie SSID representing all sharing parties must be transmitted. All
Frames transmitted must contain the Frame Information Word with n, set to 1
and carry SSID and NID information representing all parties sharing the
channel.

4.5.1.13. The LID (9 bits) portion of the SSID must not be assigned to a different
Service Provider within the same Country Code. This applies across all
frequencies in all frequency bands. '

4.5.1.14. Within a Coverage Zone, for a specific Couniry Code, each of the
Traffic Management Flags associated with an LID and Coverage Zone
-combination must appear on one and only one BRF channel set to a “1” to
indicate the associated traffic management group is supported on that RF
channel. - '

4.5.1.15. Throughout a Service Area, each of the four Traffic Management Flags
associated with an NID and Service Area must appear on an RF channel set to
a “1” to indicate the associated traffic management group is supported on that
RF channel. '

4.5.1.16. When a sysiem utilizes Frame Offset multi-frequency reception, the
FLEX™ Encoding System must process messages to designated addresses
with the “maximum Carry On” value broadcast in the BIW 101 Channel Set Up
instruction. \ _

45.1.17. When a system utilizes Frame Offset multi-frequency reception, the
FLEX™ Encoding System must process messages to designated addresses
with the “Frame Offset” value broadcast in the BIW 101 Channel Set Up
instruction.

45.1.18. When a systiem utilizes Frame Offset multi-frequency reception,
System Messages and System Instructions (and their fragments) based on
Operator Messaging Addresses, BIW’'s and NID Addresses, must not extend
into Blocks 8 or 10 of a Frame except when unavoidable in system where r, is
set to “1” in the Frame Information Word.

4.5.1.19. When a system utilizes Frame Offset multi-frequency reception, the
Short Message Vector portion of an NID must not extend into Blocks 9 or 10 of
a Frame except when unavoidable in system where ¢, is set to “1” in the Frame
information Word.

4.5.1.20. The Operator Messaging Address along with the Short instruction
Vector, Instruction Type 001, must be transmitted in a minimum of all Frames
for the duration of one System Coliapse Cycle. The System Event must take
place within the next 4 FLEX™ Cycles of the first System Event Notification.
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4.5.1.21. When sysitem messages are t0 be transmitied, the encoder must use
the Operator Message Address. In addition the encoder must be capable of
transmitting BIW101 system messages when earlier pager designs are

supported in the system.

45.2. Roaming FLEX™ Decoding Rules

45.21. FLEX™ Decoders must support 4 minute FLEX™ rules for the
fragmentation of messages. {See Rule 4.3.6.2)

4522, Rule Deleted.

4523 RECOMMENDATION: Multi-Frequency roaming subscriber units
should support the “Frame Offset” value broadcast in the BIW 101 Channel

Set Up Instruction on designated addresses.

4524. RECOMMENDATION: Multi-Frequency roaming subscriber units
should support the “maximum Carry On” value broadcast in the BIW 101
Channel Set Up Instruction on designated addresses.

4.5.25. Recommendation: New subscriber unit designs should implement th@
- Operator Message Address method for receiving system messages.
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5. APPENDIX

51. ACRONYMS AND ABBREVIATIONS

BER Bit Error Rate

BIW Block information Word

BPS Bits Per Second

BSR Battery Save Ratio

FCC Federal Communications Commission

FIW Frame Information Word

FLEX™ Motorola’s High Speed Paging Protocol

FM Frequency Modulation

FSK Frequency Shift Keying

GPS Global Positioning System

GSC Golay Sequential Code

ISO International Organization for Standardization
LID Local IDentification

MBE Message Bit Efficiency

NID Network IDentification

PCIA -~ Personal Communications Industry Association
POCSAG Post Office Code Standardisation Advisory Group
RCC Radio Common Carrier

RF Radio Frequency

SSID Simulcast System |Dentification

TDM Time Division Multiplexing

TNPP Telocator Network Paging Protocol

5.2, GLOSSARY OF TERMS

Address Classification - Refers to the scope of phase assignment for an address.
The three available address classifications are Single Phase, Any Phase and Ali
Phase.

Address Code Word ~ An address code word is a code word whose information
portion contains a numeric value assigned as a specific address type.

Address Falsing — Address falsing occurs when an address code word is incorrectly
detected as valid.

Address Fiefd - The portion of a Frame that immediately follows the Block Information
Field of each Frame. The Address Field always precedes the Vector and
Messaging Field within the Frame.

Address Latency Time — The time delay incurred from the instant the entire page is
available to the encoding device to the instant in time the first bit of the page goes
out on the channel. Address latency time is independent of message iength.

Address Mode -Refers to the scope of the address type. Serves as an indicator of
whether the message associated with the address type is directed to a single
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recipient or multiple recipients. The three address modes are Individual, Rad:o
Group and Dynamic Group.

Address Type — A group of address code words which identifies the major paging
service categories. The six address types are Short, Long, Information Services,
Network ldentification, Operator Message Addresses and Temporary Addresses.

All Phase Address Classification — An address that can be assigned to multiple
phases within its Frame for the purpose of spreading a single message across more
than one phase resuilting in the possible reception of messages at the full 6400 bps
rate. (precise definition reserved for the future)

Any Phase Address Classification — An address that can be arbitrarily assigned to
any phase at the time of transmission. Message reception is limited to a single
phase per Frame at 1600 bps.

Base Frame - The single frame which is assigned to an address. The base frame value
falls in the range of 0 through 127. Collapse values are applied to this frame
number value to determine the actual frames which are to be monitored by the

pager.

Battery Save Ratio — The battery save ratio (BSR) is a measure of the protocol's ability
to minimize the number of bits that must be examined in order {o detect an address
match. The BSR can be expressed in the following terms:

BSR = total number of bits sent per unit of time
total number of bits examined per unit time

The effective "total number of bits examined per unit time" attributed to a pager would
also include the bits occurring while the receiver is on but in the process of warming
up while the BSR attributed to the code would assume zero receiver warm time.

Block Information Word (BIW) - A BIW contains information about the structure of the
Frame dealing with priority address field iength, BIW Field length, Vector Field start
position, Frame Carry On Flag status and Collapse Mask ldentification. Unique
BIW's are used to identify the Time, Local IDentification (LID), Coverage Zone,
Country Code, Traffic Management Flags and System Message Field that are
provided to properly support a FLEX™ systems Roaming Channel.

Channel Fill Pattern — Interleaved all 1's or all 0's code words resulting in a 1600 bps
1,0,1,0... pattern on the RF channel.

Code Word ~ A FLEX™ code word is defined as being a member of the set of BCH
(31,21) code words with a 32nd even parity added to provide a minimum distance of
six.

Collapse - The effective collapse value is the lesser of the pager collapse and the
system collapse. The effective collapse value modifies the frame number by
indicating to the pager that a specific number of least significant bits are don’t care
bits. If the effective number is 3 then when the frame number is converted to
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binary, all 8 combinations of 3 bits are valid resulting in the pager monitoring 8 of
the 128 frames in a FLEX 4 minute cycle.

Country Code -Most countries in the world have a specific Country Code assignment
identified in the GCITT (ITU-T) Standard E.212, Annex A. These assignments are
utilized as part of the SSID information that make up a FLEX™ roaming subscriber

- unit profile.

Coverage Zone - A specific geographical area that is designated to support FLEX™
signaling. This BIW information is used to verify a FLEX™ roaming subscriber unit
is operating on a suitable RF channel that contains the subscriber unit's messaging.

Dynamic Group Address Mode The dynamic group address mode enables an
unlimited number of recipients to receive the same message. Using a Short or
Long individual address, each group member is sent an instruction to meet in a
future Frame to receive a message and to use a pre-assigned temporary address
shared by all group members. Although this mode (sometimes referred to as
Terminal Group Call) is usually less efficient in the use of air time than the Radio
Group Address mode, it easily allows members of the group to change.

Fading Sensitivity —~ Fading sensitivity is defined as the probability of decoding a page .
without uncorrectable errors in the presence of Raleigh fading at a specific fade
rate.

False Dial Rate —The false dial rate is the rate at which a telephone number is dialed
‘incorrectly, the false dial rate is in the range of 1% to 3%. Some paging systems
employ error detection by adding an extra check digit to the dialed number. This is
a large source of false page reception.

Falsing — Erroneously identifying data on the communications channel as the
anticipated bit sequence. The data could be address, synchronization, message
etc.

FLEX™ Cycle - A FLEX™ cycle is composed of 128 unique FLEX™ Frames {0 to
127) that are sent on the RF channel over each 4 minute time period.

FLEX™ Frame ~A FLEX™ Frame consists of synchronization information and 11
interleaved blocks of BIW’s, Address, Vector and Messaging information. A
subscriber unit's Frame is the one it is assigned to as well as any Frame it
examines as defined by its Collapse value and the “System Collapse” mask. There
are 128 unique FLEX™ Frames which compose a FLEX™ Cycle that are
scheduled to be sent on the RF channe! every 4 minutes.

Fragmented Message —~ A message is considered fragmented when the address and
associated message are not completely contained in a single Frame. All dynamic
group messages using temporary addresses are considered to be fragmented
regardiess of message length. Messages sent using individual or radio group
addresses that span more than one Frame are fragmented messages. The
fragmentation process is considered to start with the first fragment (or first short
instruction vector) and ends when the last fragment is received.
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Frame 0 —A FLEX™ Frame that is fo be synchronized with a universal time reference
such that each Frame 0 begins at the top of the hour and follows exactly every 4
minutes later.

Frame Information Word {(FIW)- A BCH (31,21) code word plus an even parity bit is
contained within the Synchronization portion of each FLEX™ Frame. For roaming
subscriber units to properly recognize a Frame supporting roaming traffic, there is a
single bit in the FIW that is called a Roaming Support Bit. When this bit is set to "1"
the FIW identifies this RF channel as supporting roaming traffic and is GPS
synchronized. When this bit is set to "0", the FIW identifies this RF channel as one
that does not support roaming traffic. The FIW also indicates the FLEX™ systems
Cycie Number, Frame Number and capability of the Frame to support Time
Diversity operations or the indication of Low Trafiic Flags for each phase in the
Frame.

Frequency BandspiitA frequency bandsplit is defined to be within every 100Mhz: 0
to less than 100 MHz, 100 MHz to less than 200 MHz, 200 MHz to less than 300
MHz, etc. and finally 800 MHz to less than 1000 MHz.

Giobal Position System (GPS} A network of satellites in geostationary orbits to
provide exact location and time attributes for communication systems that need
accurate position and time references. GPS Time is carried by these satellites, as
well as Universal Time Coordinated (UTC). Both GPS Time and UTC are based on
International Atornic Time (TAl), which is defined as originating on January 1, 1958.
UTC differs from TAl by corrections for movements in the celestial bodies and
variations in Earth's rotation. These corrections are referred to as Leap-Seconds.
GPS Time and TAl have no such Leap-Second corrections. Leap-Seconds would

- require Re-Synchronization in a synchronous system.

Idle Frame — An idle Frame is a minimum FLEX™ Frame completely filled with 11 idle
blocks, with the first block containing a valid Biock Information Word.

individual Address Mode -The individual address mode enables an individual
subscriber to be the only recipient of a message by sending a unique Short or Long
address followed by the message.

Local IDentification {Lil}}) Each FLEX™ simuicast area includes in the transmitted
BIW field one LID number. When combined with Coverage Area, Country Code,
Traffic Management Fiags and RF channel information a specific SSID is identified.
Each country is allocated a total of 512 LID numbers, 32 Coverage Zones
associated with up to 4 possible Traffic Management Flags.

Mail Drop Message Mode — An optional user selectable message mode whereby
received messages of a particular nature can be processed uniguely.

Message Field- The portion of the FLEX™ Frame that contains the actual messaging
directed to an addressed subscriber unit. Details for the messaging field (position,
message length, etc.) are given by the associated Vector field.

Minimum Frame — A minimum FLEX™ Frame contains Synchronization information
and the first block with a valid Block Information Word.
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Network Address -The Network Address is a specific assigned address. It appears
on the RF channel within the Address Field in predicted frames. There are 4096
Network Addresses (2,058,240 to 2,062,335).

Network iDentification {NiD} The NID uniquely identifies the roaming network on
specific RF channel(s), in a frequency bandsplit, to which a subscriber unit might
subscribe. The NID consists of a Network Address combined with the associated
Short Message / Tone Only Vector which utilizes a 3 bit (8 times) multiplier field
resulting in over 32,000 assignable networks. Each of these potential networks can
have up to 32 identifiable Service Areas. This Network Address is not an individual
or a radio group address.

Operator Messaging Address - The Operator Messagmg Address is not an individual
or a radio group address.

Page —~ The information on the channel directed to the recipient, includes address and
message information.

Present Local Time - The present local time represents the actual time in the
associated time zone. lt is intended that the time to be displayed on the subscriber
unit is the time contained in the BIW codewords.

Primary Subscriber Unit AddressThe address programmed in the Subscriber Unit
which determines the Subscriber Unit's characteristics for a given RF channel {i.e.
Traffic Management Flag response, phase, support for channel set up BIW, frame
offset, and maximum carry on}. These characteristics do not necessarily extend to
information addresses. The address may also identify the Frame, and Collapse
Cycle characteristics.

Private Message Mode -The default message mode of messages received by the
paging device. Private messages do not go to a pre-assigned spot, instead they
are deposited in the next available message slot.

Radio Group Address Mode The radio group address mode enables an unlimited
number of recipients to receive the same message by sending one Short or Long
address eommon to all group members, followed by the message. This method is
very efficient in the use of air time but requires a pre-arrangement of the groups and
thus is more difficult to change. Many times there is a battery life impact when the
individual address and the group address are in different Frames.

RF Channel -~ The medium over which FILLEX™ is broadcast.

Roaming Support Bit- A bit assigned within the FIW that indicates to a FLEX™
roaming subscriber unit that this RF channel supports roaming traffic and is GPS
synchronized. When this bit is equal to 1, the channel is supporting roaming traffic.

‘When the bit is equal to 0, the RF channel does not support roaming traffic.

 Secondary Addresses - Additional addresses in a subscriber unit other than the

Primary Address. These addresses have their own base frame and collapse values
which may be different from the values for the Primary Address.
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Short Message / Tone Only Vector - This specific vector is used along with a Network
Address to identify a roaming network. The Vectors 3 multiplier bits, 5 service area
bits and 4 TMF bits are associated with the Network Address to form the NID.

Single Phase Address Classification -An address that is specifically assigned in
advance to one of four phases. This address would only appear in its assigned
phase.

Simulcast Transmissions Provides wide area radio coverage by simultaneously
sending synchronized data from multiple transmitters.

Simulcast System ID(SSID) - An identification given to.a single simulcast area which
contains the Local D, Coverage Zone, Country Code, and Traffic Management Fiag
assignment on a specific RF channel to which the subscriber units responds.

Source — Additional information associated with tone alert pages that can be used to
identify the calling party.

Subscriber Unit Active FramesThis is the collection of all Frames in the 128 Frame
FLEX cycle which must be monitored by a specific pager. It is the summation of all
assigned addresses with their respective base frames modified by the lesser of the
pager collapse (which may vary address to address) and the system collapse. |f
the pager's addresses are Roaming capable the frame values may be offset by the
Frame Offset vaiue transmitted in the Channel Set Up Block Information Word
carried in the mandatory frames.

System Collapse Cycle- The number of Frames specified by the Collapse Value
transmitted in the BIW of every Frame. The number of Frames is 2%, and thus is 1,
2,4, 8, 16, 32, 64, or 128, respectively for collapse values from0to 7.

System Message -The indication of a System Message for a roaming subscriber unit
is given by BIW 101 or by Operator Messaging Addresses. System Messages are
used to convey channel characteristics.

System Vecior -A system vector is defined as any of the valid FLEX™ vector word
definitions other than the Secure Vector.

Symbol — A symbol is a signal element used during the modulation, transmission and
demodulation of the protocol. A symbol may represent one or more bits of data.

Traffic Management Flag (TMF} A TMF bit position (flag field is part of an NID and
SSID) is assigned to every subscriber unit that is part of a FLEX™ roaming
coverage area. A subscriber unit responds to the TMF shift in the bit assignment
(normally the bit is set to 1; the need for an RF channel shift is activated when the
subscriber unit's TMF bit is set to 0) so that it will begin to search alternate RF
channels which contain its designated SS8ID information with the designated TMF
again set to 1. The 4 available TMF’s positions allow the Service Provider to modify
their system's RF channel traffic profile as necessary.
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Traffic Management Group (TMG} - The two least significant bits of the FLEX™
address normally determine the TMG an address belongs to. The TMG is used to
match the corresponding Traffic Management Flag (TMF) in deciding whether traffic
for the address is present on the channel or not._

Unfragmented Message — A message that is started and completed in a single
Frame. By definition, all messages using the Numeric Vector are unfragmented
messages as they must be sent within one Frame. '

Universal Coverage Zone - One of the 32 Coverage Zones within the SSID, will be
used to indicate a Universal Coverage Zone. This Coverage Zone designation
identifies an arrangement that allows an individual Service Provider to temporarily
modify their transmitter system signaling configuration into a unique simulcast
coverage area. Another Coverage Zone must be transmitted when the temporary
arrangement has been terminated.

Vector Field- The portion of a Frame that immediately follows the Address Field of
each Frame. The Vector field always precedes the Messaging field within the
Frame and details the location and number of message code words for the
corresponding address within this frame.
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53. NUMERIC CHARACTER SET

The following tables define the characters to be displayed in the FLEX™ Numeric
message mode. '

Standard Character Set (Peopie’sﬁepubﬂic of China Option Off)

[ Character | B3 | B2 | By | Bo |
0 0 #] 0 0
1 ] 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 o 0
5 C 1 O 1
6 0 1 1 0
7 0 1 1 1
8 1 0] 0 0
9 1 0 0 1
Spare 1 0 1 0
U 1 0 1 1
Space 1 1 0 0
- 1 1 0 1
] 1 1 1 0
[ 1 1 1 1

Alternate Character Set (People’s Republic of China Option On)

[ Character| Bs | By | By [ Bo |
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 4] 1
6 0 1 1 0
7 ] 1 1 1
8 1 0 0 0
9 1 0 0 1
A 1 0 1 0
B 1 0 1 1
Space 1 1 0 0
C 1 1 0 1
D 1 i 1 0
E 1 1 1 1
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54. ALPHANUMERIC CHARACTER SET

The foliowing table represents the characters to be displayed in the FLEX™
alphanumeric message mode. Control characters that are not acted upon by the pager
are ignored in the display process (do not require display space) but are stored in

memory for possible down load to an external device.

Characters Used in Alphanumeric Messages - IS0 646-1983E

Br 0 0 0 0 1 1 1 1

Bg Q 0 1 1 0 0 1 1

By 0 1 0 1 0 1 0 1

B4 Bg Bz By |HEX 0 1 C 2 3 4 5 6 {7
0 0 0 0o 0 NUL] DLE | SP 0 |@ | P D
0 ¢ 0 1 1 SCHI DCH ! 1 1A Q a g
0 0 1t 0 2 STX | DC2 “ 2 B R b r
0 0 1 1 3 ETX]} DC3 | # 3 C |8 ¢ S
9 1 0 0 4 EOT| DC4 3 § 4 D T d t
g 1 0 1 5 ENQi NAK | % 5 E U e u
0 1 1 0 8 ACK{ SYN | & 6 F iV f v
0 1 1 1 7 BEL| ETB ' 7 G IWilg W
i 0 0 0 8 BS | CAN ( 8 H X h X
1 0 0 1 9 TAB] EM ) 9 i Y i y
10 1 0 A LF { SUB *F J Z j Z
Tt 0 1 1 ].B VT | ESC + : K { k {
t 1 0 0 c FF 1 FS , < L 4 ! {
1T 1 0 1 D CR | GS - = i ] m }
1t 1 1 0 E SCi{ RS . > { N A n ~
11 1 A F St Us / ? O o |DEL

FLEX™ products are expected to provide options to re-map certain characters in the
above table to special characters required in each international market. Specifically
ASCII HEX characters 23, 24, 40, 5B, 5C, 5D, §E, 5F, 80, 7B, 7C, 7D, 7E, and 7F are

candidates for re-map.

54.1.  Simplified Chinese Character Set

The CCD character set recommended for People’s Republic of China follows the

GB2312-80 Information Exchange Chinese Encoding Character Set (Basic Set).
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5.5. TRAFFIC LEVELING USING "CARRY ON" FIELD

When incoming traffic levels are on the average less than the channel capacity and the
distribution among Frames is not uniform resulting in an overflow condition in a
particular Frame, the "Carry On" field (in the Block Information Word) may be used to
instruct each member (pager with address assigned to this Frame - not "Carried On"
into Frame) of the overloaded Frame to also decode the following 1, 2 or 3 Frames.
Since pagers are being instructed to decode Frames which would normally be ignored,
degraded battery life might be expected. This effect is expected to be small however
because occurrence of this problem is expected only in a small portion of the busy hour
which is in itself a small portion of the day.

The terminal could take traffic from the overloaded Frame and fili in excess capacity in
the following 1, 2, or 3 Frames or it could {preferred approach) give priority to the "Carry
On" traffic and displace the traffic in the following Frame. When traffic is displaced, the
following Frames may become overloaded and require a "Carry On " condition. This will
continue until a Frame is encountered with sufficient excess capacity to satisfy the
"Carry On " condition.

56. LONG MESSAGE FRAGMENTATION

The longest message which will fit into a Frame is 88 code words less one Block
Information Word, an Address Word, a Vector Word, and the 1 overhead word in the
message or 84 code words total. Three alpha characters per word yields a maximum
252 characier message (251 characters in 1st fragment) in a Frame assuming no other
traffic. Messages longer than this value must be sent as several fragments.
Furthermore in systems with a mixture of traffic types it is recommended that short
messages be given priority over the longer alphanumeric and data traffic thus message
fragmentation is used as a tool to redistributed traffic to Frames that are lightly loaded.

The pager is instructed to expect additional fragments when the "continue bit" in the
message header is set. This causes the pager to examine every foliowing Frame for an
additional fragment until the last fragment with the continue bit reset is found. The oniy
requirement relating to the placement in time of the remaining fragments is that no more
than 32 Frames / 1 minute {or 128 Frames / 4 minutes see Section 4.3.6.2) may pass
between segment receptions. On reception of the last fragment, the pager returns to
the battery saving mode in which only assigned Frames are decoded.

Each fragment contains a Checksum character to detect errors in the fragment, a
fragment number 0, 1 or 2 to detect missing fragments, a message number to identify
which message the fragment is a part, and the continue bit which either indicates that
more fragments are in queue or that the last fragment has been received.

5.7 GROUP MESSAGING TECHNIQUES

The FLEX™ protocol offers several methods of forming groups of pagers for the
purpose of receiving common messages. Each method offers a different trade-off
between pager battery life, the amount of traffic incurred on the channel to complete the
group call and the encoder complexities in setting up the group.
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At the extremes, the system could repeat the message to each pager in the group
(sometimes referred to as terminal group call) or the system could send the message
only once if all members of the group had previously set up their pagers to receive the
same common group address. The common group address approach usually results in
pagers monitoring more Frames (personal address Frame and the Frame assigned for
the group address) resulting in a reduction in battery life.

FLEX™ offers several intermediate possibilities. The first dynamic group call approach
assigns a "Temporary Address" over the air to each pager using the personal address.
The instruction to do this is very short (only 2 code words on the channel - address word
and a vector word} thus the benefit over a terminal group call is greatest when the
message is long. The assigned temporary address is active in a specified Frame in the
future and is valid until the message is completed (message may be fragmented over
several Frames). In the case of a group call to "single phase" pagers, the message may
have to be repeated in each phase.

A more efficient variation of the above dynamic group call is to code plug assign
common addresses to sub-groups. Now the system can send a message to the full

- group (all sub-groups combined) by applying the dynamic group call approach to each

sub-group address. When the sub-groups are defined to be pagers which have their
personal addresses in the same Frame as the sub-group address then there is no
battery life penalty for the additional address. This approach allows a single or any
combination of sub-groups to be paged efficiently.

8.8. CHANNEL SHARING USING "COLLAPSE FUNCTION"

Ideally, the FLEX™ pager is designed to monitor time slots (Frames) separated in time
by an exact value representative of the users desires in the trade off between message
delivery latency and battery life. Thus a small pen or watch pager user might choose
time slots separated by as much as 4 minutes in time in order to achieve long battery
life. The user of a belt pager might choose a time value which gives guicker delivery
(say 15 seconds) between time slots since battery life might not be as important to him
as is the timely response to a call. Basically each user can be provided the latency
which fits his needs. '

The above scenario is realizable if the channel is dedicated to the FLEX™ protocol or
even if the channel carries other traffic but the FLEX™ protocol takes priority. When
this is not the case there is no assurance that when the one opportunity to send a
message to the small pager operating on a 4 minute cycle occurs that the channel will
be available. The Collapse concept was designed to solve this problem during the initial
implementation of FLEX™ on an existing channel.

There are two types of Collapse defined in the FLEX™ protocol. The first is dictated by
the user and is programmed into the code plug ("pager Collapse" value). This value is
the desired time slot spacing. The second Collapse value is the one dictated by the
system ("system Collapse") and transmitted in the Block information Word of every
Frame. This value initially will instruct the pagers desiring the long battery save cycle to
look more often. When the “system Collapse” value is equal to 0 all pagers will monitor
every Frame (many Frames will be missing due to channel sharing with the existing
protocol). When the “system Collapse” field equals 1, each pager will monitor every
other Frame with the choice being the Frames that match the LSB of their assigned
Frame. Likewise, when the Collapse vaiue is 2, pagers will match the 2 LSBs of their
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assigned Frame and thus monitor every 4th Frame on the channel.. When FLEX™
dominates the channel the Collapse value will be increased to 7 resulting in the
monitoring of 1 of 128 Frames if the pager code plug value is this large. In most cases,
the pager code plug value will dictate a smaller battery save cycle. (Smaller of the two
Collapse values dominates). Note: the Collapse value referenced here is the exponent
of 2 which results in the desired battery save cycle. i.e. 2A7 = 128 Frame Cycle.

A word of warning may be appropriate here relating to an unexpected degradation in
pager battery life in a lightly loaded system which does not service every pager

-frequently. For example, if the “system Collapse” were set to 1 and normal traffic loads

were being processed, two adjacent Frames would be sent at least once every minute.
During very light traffic conditions (i.e. middle of the night), it is possible that the 1
Frame per minute requirement could be met by transmitting only the odd (or only the
even) Frame every minute. An even (or odd) pager would never see a synchronous
Frame, or the time between even (or odd) Frames could be so long that the pager
wouid cycle in and out of synchronization, consuming additional battery energy. To
avoid this situation in lightly loaded systems, a minimum Frame should be sent for each
supported Frame frequently (2 Frames for Collapse 1 every 2 minutes, 4 Frames for
Collapse 2 every 4 minutes, 8 Frames for Collapse 3 every 8 minutes, 16 Frames for
Collapse 4 every 16 minutes) to provide synchronization updates to the pager.

59. MESSAGE NUMBERING AND MESSAGE RETRIEVAL

Message numbering is offered in the Numeric, HEX / Binary, and Alphanumeric
message formats. The use of this feature is product and system dependent. Possible
uses are:

1) To provide the means for identifying fragments of the same message in the
reconstruction process.

2) To allow detection of a missed message when a message number is skipped. The
system provider may provide a retrieval service.

3) Possibly to assist the user in time ordering his messages through display of the
number as part of the message.

The HEX / Binary and Alphanumeric formats have a signature field in the first message
word (1st fragment only). This field is intended to help in the duplicate message
detection process since the signature is algorithmically derived from the callers entered
message.

" In the case of the Numeric message, the numbered numeric vector type must be

chosen. This choice indicates that the first two characters (8 bits) of the numeric
message represent a 6 bit number (0-63) along with a 7th bit to indicate active message
retrieval and an 8th bit to indicate that special formatting is desired for this message.

5.10. REAL TIME CLOCK MAINTENANCE

It is recommended that the FLEX™ Frame timing be synchronized to a GPS time
source with Frame 0 Cycle 0 synchronized to the start of each hour. Every Frame 0
Cycle 0 will contain at least 1 “Time” BIW in each phase transmitied to convey Minute
Hour and Date if the optional transmission of fime is supported.
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5.11. SIMULCAST CONTROL REQUIREMENTS

As in most simulcast systems, reception begins to degrade rapidly when two signals
being received simultaneousiy have magnitude differences less than the capture ratio of
the receiver and the time offset between the two signals approach 1/4 of the symbol
duration. The FLEX™ goal is to time equalize the simulcast transmitters to within a few
microseconds and reserve most of the allowable differential delay for path differences.

5.12. NATIONWIDE ROAMING / CHANNEL AGQUISITION

Roaming networks are a collection of simulcast systems brought together through the
use of SSID’s and NID’s. The smaller scanning system coverage area will be identified
by the pager via a scanning list of subscribed SSID’s (LID, Coverage Zone, Country
Code, and Traffic Management Flag Set). The larger coverage areas will take
advantage of a Network |ID which is carried in the address field of all local systems
which are participating in the larger network. The pager will use a frequency scan list
which contains the information to qualify or disqualify each channel. In each geographic
location, the pager will use the scan information to choose the appropriate channel to
monitor. In the case where more than one correct choice exists, the pager may monitor
several channels assuming the system was set up with Frame Offsets which anticipate
this condition.

5.13. EMERGENCY SYSTEM RE-SYNCHRONIZATION

In the unlikely case of the infrastructure detecting a loss or an uncontrolled change in
the system clock a system wide reset may be desirable. The timing source must be
battery backed up to allow a synchronous restart after a power outage thus making the
need for re-synchronizing very, very infrequent. The pattern described in section 3.4 is
transmitted long enough for all pagers to detect at least one "Ar" code word and start a
continuous search for a valid FLEX™ Frame. The pager should look for at least one
minute after the last "Ar" pattern is detected.

Since it is also possible for the system timing to have jumped to a time position out of
the pager's range but not be detected by the infrastructure it may be advisable to have a
battery operated monitor FLEX™ receiver tied to the infrastructure signifying the
detection of each FLEX™ sync pattern as it is transmitted.
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5.14. TIME ZONE INFORMATION

Part of the Local 1D carried in the block information field (optional information now but in
future may become required in nationwide roaming) is made up of a 5 bit time zone
field. The following table is used to convert the 5 bit field to specific time zones.

Zone Field Relative Hours

24232071 20 to Greenwich Time Zone
10000 | ----- RESERVED
10001 +5 Hr 45 Min Nepal
10010 +6.5 Burma, Corcos Is.
10011 +9.5 Central Australia
10100 -3.5 Newfoundland
10101 -11 Midway Is.
10110 -10 Hawaii
10111 -9 Alaska
11000 -8 Pacific
11001 ~f Mountain
11010 -6 Central
11011 -5 Eastern
11100 -4 Atlantic
11101 -3 Greenland
11110 -2 S. Sandwich Is.
11111 -1 Azares, Cape Verde
00000 0 Greenwich Meridian
00001 +1 France, Germany, ltaly
00010 +2 Egypt, Greece
00011 +3 [rag, Saudi Arabia, Turkey
00100 +4 Oman
00101 +5 Pakistan
00110 +6 B.L.O.T.
00111 +7 Laos, Thailand, Cambodia
01000 +8 - China, Hong Kong, Taiwan
01001 +9 Japan, Korea
01010 +10 Northern Mariana Is., Tasmania
01011 +11 New Caledonia
01100 +12 New Zealand
01101 +3.5 fran
01110 +4.5 Afghanistan
01111 +5.5 India, Sri Lanka
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6.16. FLEX™ CAPCQODE

The FLEX™ CAPCODE is defined to represent either a "Shori" or a "Long" address.
The short address is defined in this protocol specification as one code word and is
represented by a 7 decimal digit field (see table below). The long address is defined in
the protocol specification to be two words on the RF channel and is represented by a 9
decimal digit field (Long Addresses in set 1-3, 1-4, 2-3 and 2-4 require 10 digits). An
Alpha "CAPCODE type" character always precedes the 7, 9, or 10 digit address field
providing information as to the type of address and distinguishes FLEX™ CAPCODESs
from the CAPCODES of other paging protocols.

An “Extended” CAPCODE has been defined to accommodate the additional information
required when subscriber units roam between systems on a local or global basis. If the
system in which the subscriber unit is roaming requires capabilities of this Extended
CAPCODE to ensure proper message delivery then it must use it. The address field has
been extended to 10 digits which may represent both short and long addresses. Local
roaming may use either short or long addresses while global roaming would be expected
to use long addresses. The 10 digit Address Field identifies over 5 billion long
addresses. In this CAPCODE form, a second alpha character using the letters P, Q, R
and S identify different roaming capabilities of the subscriber unit to which the address is
assigned. ‘

The letters "U through Z" indicate that additional information is required and act as a
separator to the field containing a single digit "b" battery cycle field (pager Collapse) or a
4 digit "fffb" field combining the battery cycle digit with a 3 digit “f"* Frame number field.
This form may be shortened as in 2) below when label space limits the number of
characters printed (this form indicates that the subscriber unit or the system data base
must be accessed in order to determine the assigned Frame and battery cycle).

The aipha letters "A" through "L" indicate that the rules are used to derive the Frame and
phase information from the address field and that the standard battery cycle of 4 (16
Frame cycle) is to be used, as shown in 4) below. The battery cycle "b" field must be
included when it is not equal to 4 (the FLEX™ standard) ‘as in 3) below. The twelve
possible forms of the FLEX™ CAPCODE are shown below:

Short Long Extended
1) f££ffbUl1234567 f££bUL23456789 REfffbUL234567890
2) UL234567 | U123456789 RUL234567890
3) bAl1234567 bA123456789 RbA1234567890
4) Al234567 Al123456789 RA1234567890

The "{if" field is a number from "000" to "127" indicating the base FLEX™ Frame to
which the address is assigned. The "b" field is a number from "0" to "7" indicating the
battery cycle. In the forms using the letters "A” through "L", "b" is not displayed unless it
is a value other than 4. (The FLEX™ standard battery cycle value is 4 where 2A4 = 18
Frames = 30 second between active Frames.) The convention of using 7 digits to
represent Short addresses, 9 digits to represent some of the Long addresses in set 1-2,
and 10 digits to represent the balance of long addresses was chosen to help
differentiate between the different types of addresses. The range of the decimal
address field consists of the numbers 1 through 5,370,810,366 where Short and other
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single code word addresses fall below 2,031,615 and Long addresses are above
2,101,248.

The convention in displaying a CAPCODE is to use the shortest form possible thus
even though the non-standard form could represent a standard assignment, the
standard form is chosen to indicate the fact that it is a standard assignment. All forms
except 2) above contain all the information required to send a message 1o a subscriber
unit. Again the form 2) should be avoided when possible since it requires retrieval of
the missing information from the subscriber unit or from the system data base.

The following address range table defines the address usage assignment:

CAPCODE Assignment Table

CAPCODE Address Value Description

000,000,000 Not Used - lilegal
000,000,001 001,933,312 | Short Addresses
001,833,313 001,998,848 | lilegal
001,998,848 002,009,087 | Reserved for Future Use
002,008,088 002,025,471 | Information Service Addresses
002,025,472 002,029,567 | Network Addresses
002,029,568 002,029,583 | Temporary Addresses
002,029,584 002,028,599 | Operator Messaging Addresses
002,029,600 002,031,614 | Reserved for Future Use
002,031,615 002,101,248 | Not Used - Invalid
002,101,249 102,101,250 | Long Address. Set 1-2 (100M Uncoordinated)
102,101,251 402,101,250 | Long Address Set 1-2 (300M By Country)
402,101,251 1,075,843,072 | Long Address Set 1-2 (675M Global)

1,075,843,073

2,149,584,896

Long Address Set 1-3 (1,074M Global)

2,149 584,897 3,223,326,720 | Long Address Set 1-4 (1,074M Global)
3,223,326,721 3,923,326,750 | Long Address Set 2-3 (700M By Country}
3,923,326,751 4,280,000,000 | Long Address Set 2-3 (357M Reserved)

L.ong Address Set 2-3 (17M Info Service)
4,280,000,001 4,285,000,000 5M Global;
4,285,000,001 4,290,000,000 5M by Country;
4,290,000,001 4,291,000,000 1M Total 1K/ Country for World-Wide Use;
4,291,000,001 4,297,068,542 6M Reserved

Additional Addresses Not Defined and Reserved

“Global” - Address is coordinated to be unigue World-Wide.

“By Country” - The 1 billion Long Addresses are reused within each Country and coordinated with
adjacent countries along borders. The set is divided into 200 sets of 5 million each and released for
use one set at a time. Sets used in adjacent countries should be avoided. Set 1 is defined to be
102,101,251 through 107,101,250, set 60 is defined to be 397,101,251 through 402,101,250. Set 61
begins at 3,223,326,751 and continues through 3,228,326,750, likewise set number 200 ranges from
3,918,326,751 through 3,923,326,750.

“Country for World-Wide Use” - 1000 Addresses are assigned to each Country for World-Wide Use
following the Country Code numbers in Section 5.16 (For example, Information Service CAPCODES
for Greece are determined by adding the range 202,000 through 202,999 to the base 4,290,000,001,
resulting in resulting in CAPCODESs 4,290,202,001 - 4,290,203,000.)

“Reserved” - See definitions in Section 1.5 Comments.

“Information Service Addresses” - Rules governing the use of these addresses will be forthcoming in
release G1.9 of FLEX™. Operators should take this into account when establishing new information
services.
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5.15.1. Standard Frame and Phase Embedding Rule

Maximum battery life in a FLEX™ subscriber unit is achieved when all of the addresses
assigned to a pager are in the same Frame. For Single Phase subscriber units, it is a
requirement that all of the assigned addresses be in the same phase.

Normally, it is very desirable to spread the population of FLEX™ subscriber units on a
system across all four phases of all 128 Frames. Frame and phase spreading can be
performed automatically as addresses are assigned sequentially by embedding that
information into the 7, 9, and 10 digit FLEX™ address.

The standard procedure for deriving the phase and Frame values from the CAPCODE
starts by separating the 7, 9, or 10 digit decimal address portion (field o the right of the
Alpha character) and performing a decimal to binary conversion. The least significant
bit is labeled "bit 0"; in order the following "bits 2 and 3" specify phases 00, 01, 10, or 11
for phase 0,1,2,3 (a,b,c,d), and "bits 4-10" represent Frames "000" through "127". For
roaming capable subscriber units “bits 0 and 1” represent which of the 4 Traffic
Management Fiags (TMF) the address will follow.

The Frame and phase can also be derived from the 7, 9, or 10 digit decimal address by
using modulo arithmetic (base 10) where Phase = Modulo 4 (integer (Addr/4)) and
Frame = Modulo 128 (Integer (Addr/16))

This definition has the property that when addresses are assigned in order, the phase
will increment after assigning 4 consecutive addresses while the Frame will increment
after 16 addresses have been assigned.

5.15.22 CAPCODE Alpha Character Definition

The alpha character in the FLEX™ CAPCODE indicates the type of subscriber unit to
which the address is assigned ("Single phase", "Any phase", or “All phase" ), indicates if
the address is the first, second, third or fourth address in the subscriber unit (when
addresses are assigned in order following standard rules) and specifies the rules to
follow in determining which phase and Frame the address is active.

Standard Rules No Rules (Non-Standard Form)
A - Single Phase Subtract 0 U - Single Phase, Phase 0
B - Single Phase Subtract 1 V - Single Phase, Phase 1
C - Single Phase Subtract 2 W - Single Phase, Phase 2
D - Single Phase Subtract 3 X - Single Phase, Phase 3
E - Any Phase Subtract 0 Y - Any Phase

F - Any Phase Subtract 1
G - Any Phase Subtract 2
H - Any Phase Subtract 3

| - All Phase Subtract 0 Z - All Phase
J - All Phase Subtract 1

K - All Phase Subtract 2

L - All Phase Subtract 3
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The alpha character "A" represents a “Single phase” subscriber unit using the standard
rules for embedding Phase and Frame. A letier "B" is similar to "A" except 1 is
subtracted from the CAPCODE before applying the standard rule. Likewise, the letter
*C" and "D" indicates that 2 or 3 is to be subtracted before applying the rule. (These
rules modify the standard rule and are intended to simplify the order entry process for
multiple address subscriber units. It is assumed that addresses will be assigned in
sequential order i.e. the salesman will indicate that a certain range of addresses are io
be used. When a quantity of 4 address subscriber units are ordered with the
requirement that addresses assigned to each subscriber unit be in the same phase and
Frame, the subtraction of 1, 2, or 3 ensures that the calculation for each additional
address is referenced to the flrst address thus assigning all A, B, C, and D addresses to
the same Frame and phase).

"E through H" and "{ through L" represent "Any" and "All" phase subscriber units where
the subtract rule is modified to ensure that all addresses of a multiple address
subscriber unit are in the same Frame.

For the cases where no rule is defined, the letters "U through X" indicate “Single phase”
subscriber units assigned to phases 0 through 3 (phase a, b, ¢, or d) with the Frame
and battery cycle displayed explicitly. "Y" and "Z" indicate non-standard addresses for
"Any" and "All" phase subscriber units.

The “Extended” CAPCODE defines a second Alpha Character to take on the following
meanings relative to the level of roaming capability.

Frame Offset Capable (1 - Yes, 0 - No)
~— Follows TMF (1 - Yes, 0-No)
00 Non-Roaming or a single freguency roaming Subscriber Unit
01 No Frame Offset, Follows the TMF’s (Traffic Management Flags)

10 Frame Ofiset BIW 101; Does not follow TMF’s
11 Frame Offset BIW 101; Follows TMF's

OO

5.15.3. Interim or "Phantom” TNPP FLEX™

This initial form of TNPP supporting FLEX™ in systems which already contain POCSAG
will be limited to the standard CAPCODE rule (no pre-subtraction alphas B,C,D,F,G,H
supported). This means that if multiple address subscriber units are desired they must
be chosen so the simple rule applies. For example, a 4 address “Single phase”
subscriber unit must have its first address evenly divisible by 4 in order that the
standard rule will result in the next 3 address being in the same Phase and Frame.
Likewise, a 16 address “Any phase” subscriber unit must have a first address which is
evenly divisible by 16 so that the next 16 addresses will be in the same Frame.

5.164. TNPP Revision 3.7 and Beyond

TNPP version 3.7 and later include support for FLEX™. Please contact the PCIA to
obtain the latest revision.
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5.155. GCAPCODE to Binary Conversion

Short CAPGODE - To convert a short address CAPCODE, the number 32,768 is added
to the 7 digit decimal CAPCODE address (or to any CAPCODE less than 2,031,615).
This resultant number is then converted to a 21 bit binary number which becomes the
information bits of the (31,21)BCH code word transmitted over the air. (The LSB
calculated becomes the first bit on the channel followed by the remaining information
bits and the 10 parity bits.) The 32nd overall even parity bit is added to make the 32 bit
address code word, -

Long CAPCODE 2,101,249 to 1,075,843,072 - Long address set 1-2 is in this range.
To convert, the number 2,068,481 is subtracted from the CAPCODE address. This
"Resultant" number is then divided by 32,768 with the remainder plus 1 equal to the 1st
long address word (same as "Resultant" Modulo 32768 plus 1). This value is converted
fo a 21 bit binary number which becomes the information bits in the (31,21)BCH code
word generation (even parity bit is added to extend to 32 bit codeword).Again, LSB is
the first bit on the channel. ‘

The 2nd long address word is determined by first calculating the Integer portion of the
"Resultant" divided by 32,768. This value is then subtracted from 2,097,151 (Equivalent
to 1's complement of the value in binary) and converted to a 21 bit binary number which
becomes the information bits in the (31,21)BCH code word generation. LSB is the first
bit on the channel.

Long CAPCODE 1,075,843,073 to 3,223,326,720 - Long address sets 1-3 and 1-4 are

in this range. The 1st long address word is calculated following the same rules as for

long addresses in set 1-2. The 2nd long address word is determined by subtracting

2,068,481 from the CAPCODE, the resultant number is divided by 32,768 with the

integer portion added to 1,933,312. This number is then converted to the 21 binary .
information bits of the (31,21) BCH code word which is transmitted. LSB is the first bit

on the channel.

Long CAPCODE 3,223,326,721 to 4,297,068,542 - Long address set 2-3 is in this
range. The first word is determined by subtracting 2,068,479 from the CAPCODE, then
determining the remainder after dividing by 32,768 (modulo 32,768). This value is then
added to 2,064,383 with the resultant converted to the 21 binary information bit required
to specify the (31,21) BCH word. The 2nd word is determined by subtracting 2,068,479
from the CAPCODE and finding the integer portion after dividing by 32,768. This value
is then added to 1,867,776 and converted to the 21 binary information bits of the
(312,21) BCH code word which is transmitted over the air. LSB is the first bit on the
channel.

5.15.6. Binary to CAPCODE Conversion

Given address code word values which are transmitted over the air, the CAPCODE can
be calculated by performing the inverse of the above process. As an example, the short
address code word is converted to decimal and the number 32,768 is subtracted to
arrive at the 7 digit address portion of the CAPCODE. For a two word long address in
set 1-2, first convert address word 1 from binary to decimal. The 2nd address word is
then complemented (or subtracted from 2,097,151 decimal) and converted to decimal. |
This value is muitiplied by 32,768, added to 2,068,480 and then added to address word

1. The result is the address portion of the FLEX™ CAPCODE.
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If the pager contains only a single individual address and the user is content with the
recommended 30 second battery cycle then the letter "A", "E", or "I" is added as a prefix
to the 7, 9 or 10 digit address. ("A" Single Phase Pager, "E" Any phase pager, and "I"
All phase pager)

i the pager were to be a two address pager where both addresses are individual
addresses then "A", "E", or "I" would again preface the address field of the first address.
"B, "F", or "J" would preface the second address. The "B, F, J" indicates that the
address is a second address and it is to have the properties of the first address. This
rule eliminates the need for an order entry operator or a salesman fo calculate a starting
address which would allow standard rules to always apply.

in other cases especially where a group address is to be included it is very likely that
the "U" through "Z" forms of the CAPCODE will be used so that phase and Frame can
be explicitly chosen to provide best battery life (and same phase operation in the case
of the single phase products).

in the case of a roaming pager, the proper alpha character (P, Q, R or 8) must be
added into the left most position of the Extended CAPCODE form.
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5.16. LIST OF COUNTRY CODES

The following list of Country Codes is adapted from the CCITT (ITU-T) Standard E.212
Annex A and are used in the Block Information Word field for roaming channel
management. (Reference BIW Word Format Type 111 in Section 3.8.5)

Zone 2 Zone 3
Number  Country or Area Number Country or Area
202 Greece 358 St. Lucia
204 Netherlands {(Kingdom of the) 380 St. Vincent and the Grenadines
208 Belgium 362 Netherlands Antilles
208 France 384 Bahamas {Commonwealth of the)
212 Monaco 366 Dominica
214 Spain 368 Cuba
216 Hungarian People's Republic 370 Dominican Republic
220 Yugosiavia (Socialist Repubiic of) 372 Haiti {Republic of}
222 italy 374 Trinidad and Tobago
2286 Romania (Sccialist Republic of) 376 Turks and Caicos Islands
228 Switzerland (Confederation of)
230 Czechoslovak Soclalist Republic Zone 4
232 Austria o Number Country or Area
234 tInited Kingdom of Great Britain 404 India (Republic of)
gig 3&2@’2&*‘ 410 Pakistan (Islamic Republic of)
545 Norway 412 Afghanistan (Demaocratic Republic of)
244 Finland 413 Sri Lanka (Democratic Socialist
250 tnion of Soviet Socialist Republics L Repu}ahc of)
260 Poland (People's Republic of) 414 Burma (Socialist Republic of the Union of)
262 Germany {Federal Republic of) 415 Lebanon
266 Gibraltar 416 Jordan (Hashemite Kingdom of)
268 Portugal 417 Syrian Arab Republic
270 Luxembourg 418 Iraq (Republic of)
gi Efe'gﬁ% 419 Kuwait (State of)
276 Albania (Socggiist Peaopie's Republic jg? \Sf&el:'xdé;f ﬁg‘g gggggl?cm of)
. 422 Oman (Sultanate of)
2 epublic of
ggg hcdfgﬁjﬁgipubﬁc 3,;) 423 Yemen (Peopie’js Demaocratic Republic of)
284 Bulgaria (People's Republic of) 424 United Arab Emirates
286 Turkey 425 Israet {State of)
426 Bahrain (State of)

Zone 3 427 Qatar {State of)
Number Country or Area 428 Mongolian People's Republic
a2 Canada 429 Nepal
308 St. Pierre and Miguelon 430 United Arab Emirates (Abu Dhabi)
310 United States of America 431 Uinited Arab Emirates (Dubai)
330 Puerto Rico 432 Iran (Istamic Republic of)
332 Virgin Islands {USA} 440 Japan
ggg 3";%‘;23 450 Korea (Republic of)
240 French Antilles 452 Viet Nam (Socialist Republic of)
342 Barbados 454 Hong Kong
344 Antigua 455 Macao
348 Cayman Islands 456 Bemocratic Kampuchea
348 British Virgin Islands 457 l.ao People’s Democratic Republic
350 Bermuda 460 China {People's Repubiic ofy
352 Grenada 467 Demacratic Peaple's Republic of Korea
354 Montserrat 470 Bangladesh (People's Republic of)
356 St. Kitts 472 Maldives (Republic of)
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Zone 5 Zone §
Number Country or Area Number Country or Area
502 Malaysia 628  Gabon Republic
505 Australia 629  Congo (People's Republic of the)
510 Indonesia {Republic of) 830  Zaire (Republic of)
515 Philippines (Republic of the) 631 Angola {People's Repubiic of)
520 Thailand 632  Guinea Bissau (Republic of)
525 Singapore {Republic of) 633 Seychelles
528 Brunei 634  Sudan (Democratic Republic of the)
530 New Zealand 635 Rwanda (Republic of)
535 Guam 636 Ethiopa
536 Nauru (Republic of) 637 Somali Democratic Republic
537 Papau New Guinea 638  Republic of Djibouti
539 Tonga (Kingdom of) 839 Kenya (Republic of)
540 Solomon islands 840  Tanzania (United Republic of)
541 Vanuatu 641 Uganda (Republic of)
542 Fiji 642  Burandi (Republic of)
543 Wallis and Futuna Istands 843 Mozambique (People's Republic of)
544 American Samao 645 Zambia (Republic of)
545 Gilbert & Ellice Islands 846 Madagasear (Democratic Republic of)
546 New Caledonia 647 Reunion {French Department of)
and Dependencies 648 Zimbabwe (Republic of)
547 French Polynesia 649  Namibia
548 Cook Islands 650 . Malawi
549 Western Samoa 851 Lesotho (Kingdom of)
652 Bostwana (Republic of)

Zone 6 6563  Swaziland (Kingdom of)
Number Country or Area 654  Comoros (islamic Federal Republic of the)
602 Egypt (Arab Repubiic of) 655 South Africa (Republic of)

603 Algeria (People's Democratic
Republic of) Zone7 :
604 Morroco (Kingdom ofy Number Country or Area
605 Tunisia 702 Belize
606 Libya (Socialist People's Libyan 704 Guatemala (Republic of)
Arab Jamabhiriya) 706 £l Salvador {Republic of)
807 Gambia (Republic of the) 708 Honduras (Republic of)
608 Senegal (Repubiic of) 710 Nicaragua
609 Mauritania (Islamic 712 Costa Rica
Republic of) 714 Panama (Republic of)
810 Mali {Republic of) 716 . Peru '
611 Guinea {Repubilic of) 722  Argentine Republic
812 Ivory Cost (Repubiic of the) 724 Brazil {Federative Republic of)
613 Upper Volta (Republic of) 730 Chile
614 Niger (Republic of the) 732 Colombia (Republic of)
615 Togolese Republic 734  Venezuela (Republic of)
616 Benin (People's Republic of} 736  Bolivia {Republic of)
617 Mauritius 738  Guyana
618 Liberia {(Republic of) 740  Ecuador
619 Sierra Leone 742  Guiana {French Department of)
620 Ghana 744 Paraguay (Republic of)
621 Nigeria (Federal Republic of) 746  Suriname (Republic of)
622 Chad (Republic of the) 748 Uruguay (Eastern Republic of)
623 Central African Republic
624 Cameroon (Repubilic of)
625 Cape Verde (Repubiic of)
626 Sao Tome and Principe
(Democratic Republic of)
8627 Equatorial Guinea {Republicof)
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6.

REVISION MANAGEMENT & HISTORY

8.i. REVISION MANAGEMENT
Revisions will be made by Motorola as required and history will be documented.

The following revisions have been made since the introduction of version G1.3 on
2/3/93. For the most part the changes are listed in the order that they occur in this
document. Minor changes made only to clarify descriptive material or to correct word
processor errors are not listed.

6.2 REVISION HISTORY

G1.4 Changes - Released 11/15/93.

« Protocol name changed from WASP to FLEX - 6/23/93 Telocator Announcement Changed Local and
Nationwide address types to Short and Long Addresses to reflect the charagcter of the address not how
it is used.

» Now using name "single”, "any" and "all* phase in Section 2.1 and other sections of this document to
describe the three basic types of FLEX pagers.

« Added the definition of the Re-Sync "A" pattern 1o the table and drawing in Section 3.3. Also corrected
the "C" pattern mentioned in the text.

» Added Section 3.4 destribing the addition of an Emergency Re-Synchronization transmission 1o the
FLEX definition. :

+ The address field range definition table modified: a) each long address word range increased slightly to
make field size a multiple of 1024 (CAPCODE issue). b) Short addresses moved so range adjacent to
fong address 1 word (CAPCQODE issue). ¢} an information service address field identified and
reserved for future use. d) temporary addresses expanded from 8 to 16 {simplified short instruction
vectar for temporary addressing when it became apparent that single phase pager would not be
capable of changing phase) e) reserved addresses moved so CAPCODE addresses are a continuous
set of numbers with only one break between the Short and Long address ranges.

+ Added default value for "n" reserved bits in the Frame Information Word and defined "v" field in the
Block information word to be set to "0" if no vector exist.

= Clarified the use of the second vector word in the Long addressing form. Vector length field is number
of code words including the word rotated into the 2nd vector position.

» Modified the Short Message Tone Only Vector message number field to match that being used with
Alpha and HEX message forms.

» Added section 3.8.7.5 Secure Message Vector and section 3.8.8.4 Secure message. This definition is
the same as the definition for an Alpha message except for the removal of the signature field. The

system might grant access to this type message only when security/password measures have been’

met. :

- Modified 3.8.7.6 Short Instruction Vector for change in the temporary address definition from 8 to 16
addresses all in the same set (eliminated the 2 bit phase field). Clarified the future Frame field to
indicate the full 7 bit Frame identification. If future Frame indicated is the same number as the present
Frame the pager is 1o assume the intended Frame is 4 minutes in the future.

» Modified the Numbered Numeric Message definition in section 3.8.8.1 to follow approach used in Alpha
and HEX.

» Several modifications to the HEX/Binary message format in section 3.8.8.2. a) expanded the fragment
check character field so future applications of this format might use a standard 12 bit CRC character.
b) changed message numbering to a 0-63 range with a 1 bit retrieval active flag. ¢) added a 2 bit type
field for use with messages which read right to left or may contain a text header followed by non-
displayable data. d) added a two bit blocking length field to indicate bits per character. e) added an 8
bit signature field (separate from message number). f) re-ordered bits in the first fragment word so that
mail drop, message retrieval, message type, blocking length, and the signature field are sent only once
at the beginning of the message in the first fragment of long messages. g) reserved 5 bits in message
header for future use.
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+ Alpha message section 3.8.8.3 modified to include the new definition of message numbering and
retrieval. Added 7 bit signature to occur only once per message in the beginning of the message of
the first fragment.

» Updated section 5.9 Message Numbering in the appendix to reflect the changes made to the rest of the
document.

« Modified Section 5.3 Numeric Character Set changing the line feed 1010 character to a spare character.
It was determined that the line feed was of litile value in a numeric product and should not be part of a
reguirement.

« Added section 5,13 Emergency System Re-Synchronization to the appendix to give an overview of the
need for this addition to the FLEX protocol.

« Modified the time display functions of FLEX by specifying the information be available over the air every
4 minutes in Frame "0000000". Added section 5.14 to explain possible use of zone field to assist time
display while roaming modified local channel 1D definition (Sect 3.8.5) to include time zone.

« Added Section 5.15 FLEX CAPCODE to describe the relationship between the CAPCODBE and the
FLEX code words transmitted over the air.

G1.5 Changes - Released 2/1/94.

« The separate "FLEX Signaiing Protocol Encoding and Deceding Requirements Document” Document
Number FLEX - 93003 Version 1.1 was added to the "FLEX Protocol Specification Document®. The
combined document name was changed to "FLEX PROTOCOL SPECIFICATION and ENCODING
AND DECODING REQUIREMENTS". The combined document number stayed the same as the
original protocol document (FLEX - 93001 ) with the version updated to G1.5.

+ 3.1 Modulation - allowabie deviation for 2FM only systems extended to £4.0 to £5.6 kHz.

« 3.8.3. Frame Information Word - Defined one of the reserved hits to be a repeat format indicator r0.
When 10 = 1 the channel contains repeat paging and the t3 12 11 t0 bits are reserved to describe the
particutar format. When 10 = 0, the t3 t2 t1 10 field resumes it prior definition as low traffic indicators.

- 3.8.4 Block Information Word - changed the default value for the vector field when no vectors exist from
000000 to the word position directly following the address field. In the case of no addresses it is set to
the word position directly after the last block information word.

+ 3.8.5 Block Information Word 2,3,4 - Added sentence indicating that the Local Channel 1D could appear
more often than just Frame 0000000.

- 3.8.6.2 Long Two Word Address - Corrected error in the binary range of the long address second word.

+ 3.8.8.1 Numeric Data Message - Redefined the message check character to follow rules set for alpha
and HEX. The & digit character numeric check character is derived from the 10 character Alpha check
character.

- 4.3.3.1 Modified to allow for FLEX inactivity up to 4 minute in length under shared channel conditions.

- 4.3.6.2 Modified to allow fragment spacing up to 4 minutes on shared channel.

G1.6 Changes - Released 4/8/94.

- The Revision Management & History section 3.9 was relocated o the end of the document and
renumbered section 6.

+ 3.6 Transmission Order - The description of the Frame Information Word was corrected to reflect the
definition is section in 3.8.3.

+ 3.8.5 Block Information Word 2,3,4. Added to " Real Time" description that the GPS or UTC minute time
mark be aligned with the leading edge of the first sync bit.

+ 4.3.2.7 Clarified wording.

+ 5.6 Long Message Fragmentation. Added text to indicate option allowing 4 minutes between fragments.

+ 5.8 Channel Sharing Using "Collapse Function” - added batiery life warning for lightly loaded systems -
that skip Frames due to no trafiic.

« 5.15 FLEX CAPCODE - Changed boundary between illegal and long addresses in the CAPCODE
Assignment Table. :

- 5.15.56 CAPCODE to Binary Conversion - Corrected error in the transiation numbers by adding 1024.
The constant used in the calculation of long address word one was changed from 2,067,457 to
2,068,481. Now Frame and phase caiculations can be performed on either the binary code words or
the decimal CAPCODE.

+ 5.15.6 Binary to CAPCODE Conversion - The constant used in the calculation using fong address word
one was changed from 2,067,456 to 2,068,480. Other changes include minor clarification of text.
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G1.7 Changes - Released April 6, 1995.

+ 3.1 Moduiation - The deviation difference between 4FM symbols was relaxed to 3200 +/- 80 Hz from +/-
16 Hz to more closely match reascnable base station specifications. The maximum deviation for 2FM
only FLEX systems was reduced from 5.6 kHz to 4.8 kHz to improve receiver performance.

» 3.2 FLEX Frame Structure - Removed reference to the possibility of time offset FLEX Frames and
added reference to the new requirement that channels that support roaming must align Frame 0 with
the 4 minute marks of a real time source. Referenced the new definition of a Roaming Support bit in
the Frame information Word.

+ 3.3 Added drawing and references to additional “A” Sync words,

+ 3.6 Transmission Order - Changed Frame Information, Block Information, and |dle Blocks paragraphs to
further clarify definition.

= 3.7 Address Field Range Definition - Moved addresses from high end of the Short Address field for use
in future roaming systems (Long Address 3, Long Address 4 and Short Address Reserved for a total of
75,775 addresses reserved).

- 3.8.3 Frame Information Word - Added Roaming Network Fiag.

« 3.8.4 Block information Word - Clarified the priority address field as being address word count not
address count. Clarified the default field value for the vector field when no vectors are required.

+ 3.8.5 Block Information Word 2,3,4 - Redefined the 000 word to include a 5 bit field for Coverage Zones,
Time Zone moved to new 101 word which also allows system messages to be transmitted, 011 word
was deleted (no longer alflow time offsetting of Frames), and added 111 word to include Country Code
and Traffic Management Flags. Removed text describing Frame Offset and added new paragraph
describing Real Time / Month, Day, Year/ Time Zone use. Also described System Message Field
within BIW 101. Sending of time changed to a “must” to allow accurate time stamping and time
setting in pagers.

» 3.8.6.3 Network ID Address - Added definition of Network 1D,

+ 3.8.7.1 Numeric Vector - Added definition for b field value when Long Address and short message result
in no detached message (message fits in second vector word).

+ 3.8.7.2 Short Message / Tone Only Vector - Added R, refrieval flag field to type 10 vector to match
other message formats. Added reference to 00 vector type being used with Network ID (NID) to
expand definition ~ see Section 3.8.8.6.

+ 3.8.8.1 Numeric Data Message - Clarified R, definition to be same as other message formats.

+3.8.8.2 HEX / Binary Message - Clarified the fragment check sum. Defined the D and H field from what
was the T field. Clarified the B field meaning. Clarified the S Signature definition. Clarified Message
Number field. Changed the fragmenting rules. Added paragraph describing Message Header.

+ 3.8.8.3 Alphanumeric Message - Corrected typing errors in F field definition and in S field definition.
Clarified Message Number field.

» 3.8.8.6 Aiphanumeric Message Rules for Symbolic Characters Sets - Added new section of termination
rules for ASCI| based symbolic character sets using the FLEX Alphanumeric message mode.

+ 3.9 FLEX Roaming Structure - New Section

» 4.3.2.1, 4.3.2.4, 4.3.2.5, 4.3.2.8, 4.3.3.1, 4.3.4.3, 4.3.5.2, 4.3.5.3, 4.4.1.1, Minor change in choice of
words to describe rules.

» 4.3.5.8 New Rule added {imiting use of Dynamic address

* 4.3.7.5 Rule deleted - Short message fragment number is 11, this allows short message to be
distinguished from long message fragment thus rule not necessary.

» 4.3.7.6 New rule to cover over the air message retrieval.

» 4.4.1.2 Rule change - Tone Only pager now not required to support dynamic addressmg

+ 4.5 Roaming FLEX Multi-Frequency Roaming Rules- New Section

+ 5.1 Appendix - added several new acronyms.

+ 5.2 Glossary of Terms - Added several new terms and definitions.

+ 5.3 Numeric Character Set - Added optional character set mainly for use in Peoples Republic China.

« 5.7 Group Messaging Techniques - Re-write of section.

+ 5.14 Time Zone information - Modified text to align with new method of transmission in Block
Information field BIW Ward 101.

« 5.16 FLEX CAPCODE - Modified table of CAPCODE ranges to reserve addresses for future global
roaming.

« 5.16 List of Country Codes - New Section,
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G1.8 Changes - Released May 7, 1996.

Version G1.8 attempts to take the more general view of “Encoding Devices” and “Decoding Devices”.
Any remnants of phrases like “pagers”, “subscriber units” etc. should be read as “Decoding Devices”.
Likewise “terminals” etc. should be read as “Encoding Devices”,

» Page ii - Marianne Lloyd is the new reference person identified for License Inquiries.

+ 1.1 Purpose - Clarified wording: ... FLEX™ protocol has established the means for future design
flexibility by allowing ... .

- 1.3 Telocator Network Paging Protocol reference up-issued to Version 3.7; new address and phone
number listed; Marianne Lloyd is the new contact person identified for FLEX™ paging code
information.

1.4 “RECOMMENDED FLEX™ SYSTEM MANAGEMENT DOCUMENTATION" Section added.

« 1.5 “COMMENTS” Section added.

- 2.1 System Overview - Clarified wording: ... the pager code plug will individually ... in the 2nd paragraph
on Page 3; ... (SSID) in which a portion is embedded ... on Page 4.

» 3.2 FLEX™ Frame Structure - Clarified wording: synchronized to GPS time ...; ... 5 bits for indication ...
and ... the § bits indicate the system ... in the 2nd paragraph.

+ 3.3 Sync Structure - Clarified wording: ...FLEX™ compatible systems will use the ... in the 1st
paragraph on Page 8.

- 3.4 Emergency Re-Synchronization Transmission - Clarified system Collapse relationship to pager
operation during Re-synchronization; Deleted last paragraph since GPS has no seconds adjustments.

« 3.5.3 Block Reception - Clarified wording: ... further processing. Stored within the 8§ riber Unit is th

assigned phase value 0f0, 1, 2, or 3. At 6400 bps ...

+ 3.6 Clarlfied wording in Address Field on Page 12: ... {1 word) and long addresses ... ; ...end of the
address field since ... .

« 3.6 Transmission Order - Clarified wording in last paragraph on Page 14: ... all 0's [gle code words ...

» 3.7 Address Field Range Definition - Expanded wording for Long Address 3 and Long Address 4 and
removed (Reserved) notation; removed (Reserved) on Info Sve Address; Created Operator Messaging

- Addresses field for 16 addresses from Short Address {Reserved) field; renamed Reserved Addr's to
Short Addresses (Reserved). Reworded 2nd paragraph below Address Field Range Definition table,

- 3.8.3 Frame information Word - Clarified warding on r - Repeat Paging Indicator bit; ... for Time
Diversity operations.

» 3.8.5 Block Information Word (BIW) 2, 3, 4 - This section has been rewritien and now includes
expanded System Message delivery means through BIW 101 and Operator Messaging Addresses.

+ 3.8.8.2 Added the “For Example” staterment.

» 3.8.7.2 Renamed the 'F’ bits to ‘T’ bits to be an identical reference with the definitions of Traffic
Management Flags in the BIW 111.

+ 3.8.7.3 Minimum number of message words in this Frame changed to 3.

+ 3.8.7.4 Minimum number of message words in this Frame changed to 2

» 3.8.7.5 Minimum number of message words in this Frame changed to 2

+ 3.8.7.6 Short Instruction Vector - Clarified wording in the Temporary Addresses paragraph with the
addition of: “The subscriber unit wili not respond to any Carry On operation for temporary addresses
that may be in effect in the originally specified Frame.” Added System Event structure for instruction
Type 060 1.

+ 3.8.8.1 In the N - Message Number definition the last sentence was added: “The message retrieval
number displayed to the user is to be 1 + N so that the user perceives messages numbered from 1 fo
N+1” :

» 3.8.8.2 - In the N - Message Number definition the last sentence was added: “The message retrieval
number displayed to the user is to be 1 + N s0 that the user perceives messages numbered from 1 to
N + 1.” Clarified wording on Mail Drop Flag M. Clarified the reference in B - 4 bit Blocking Length on
Note: © ... preceding figures ... “. Introduced the | - Status information Field Enable. Changed ‘long’
to ‘muiti-fragment’ in the Fields R through S definition.

+ 3.8.8.3 - In the N - Message Number definition the last sentence was added: “The message retfrieval
number displayed to the user is to be 1 + N so that the user perceives messages numbered from 1 to
N + 1. Clarified wording on Mail Drop Flag on Page 34,

+ 3.8.8.4 Secure Message - Established the t - 2 bit Secure Message Type Field along with the revisions
to the definitions for Message Content and Message Termination.

+ 3.9 Changed ‘simulcast system’ to ‘Simuicast System Identification’ in the 2nd paragraph. Revised
descriptions for the Roaming Terms, Simulcast System Identifier and Network ldentifier paragraphs.
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« 3.8.1 8SID and NID Placement Rules for Roaming: Rule 1 - Added the GPS information from the
paragraph under Rule 6 in Issue G1.7 to Rule 1. Clarified wording: Rule 2. Clarified wording: Rule 4
... ‘at a minimum’ ... and “... Modulo 4 ..."; Rule 5 ... ‘Channel iD Licensing signals (FCC, etc.)’ ... ;
Rule 6 - Rewritten for clarity. Added the new Rule 7 as part of SSID Placement Rules. Ruies 8
through 13 were Rules 7 through 12. All have been updated. In Rule 10, Y{(Carry On does not apply to
NID placement.)’ was added.

« 3.9.2 System Message Transmission - Section rewritten for both Sending a SSID System Message and
Sending a NID System Message.

- 3.9.3 Frame Offsetting Example - replaced paragraphs below the figure with a single sentence.

» 3.9.4 New Section ‘Registration and Registration Acknowledgment Message * introduced.

 3.9.5 New Section ‘Registration Instruction’ introduced.

+ 3.9.6 New Section ‘System SSID Change Instruction’ introduced.

« 3.9.7 New Section ‘System NID Change Instruction’ introduced.

» 3.9.8 New Section ‘Roaming System Design Elements’ introduced.

+ 4 FLEX™ Encoding and Decoding Requirements - The Purpose {4.1) and Scope (4.2) Sections were
rewritten to identify Encoding Systems and Decoding Systems’ as more descriptive terms and stated
the definitions for Rules and Recommendations.

« 4.3 FLEX Encoding Rules: Generic use of ‘pagers’ has been replaced by ‘decoders’; ‘terminal data
base’ with ‘Encoding System’. The terminology within ail Rules / Recommendations was enhanced or
clarified except for; 4.3.2.6, 4.3.3.1, 4.3.5.8, 4.3.5.8, 4.3.6.2, 4.3.6.3, 4.3.7.1, 4.3.7.4, 4.5.1.6 4.5.1.11
and 4.5.1.12. The following rules were deleted: 4.4.1.2, 4.5.1.10 and 4.5.2.2. The following are New
Rules: 4.4.1.6,4.5.1.16, 4.5.1.17, 4.5.1.18,4.5.1.19, 4.5.1.20, 4.5.1.21, 45.2.3 and 4.5.2.4.

+ § Appendix - additional Acronyms and Abbreviations were made; additions were placed into the
Giossary of Terms. :

= 5.6 - Added “(251 characters in 1st fragment)”

+ 5.8 - Clarified meaning in last sentence: “To avoid this situation in lightly loaded systems, a minimum
Frame should be sent for each supported Frame frequently (2 Frames for Collapse 1 every 2 minutes,
4 Frames for Collapse 2 every 4 minutes, 8 Frames for Collapse 3 every 8 minutes, 16 Frames for
Collapse 4 every 16 minutes) to provide synchronization updates to the pager.”

« 5.10 Real time Maintenance wording Clarified: ... synchronized to 3 GPS time source ... .

+ 5.12 - Corrected LID to properly state it as an SSID in the 2nd line.

» 5.13 - Corrected “a” to “at” for the end of the 6th line.

+5.15 FLEX™ CAPCODE through 5.15.5 CAPCODE to Binary Conversion - this section was clarified and
expanded to better represent the details needed to implement FLEX™ Roaming. The CAPCODE
Assignment Table was revised and expanded to identify all combinations of Long Address sets and
their uses.

= 5.15.2 “Extended” CAPCODE definition added along with a Table.

+ 5.15.4 TNPP Revision is now 3.7,

« 5.15.5 Binary to CAPCODE Conversion - this sectien has been rewritten.

» 5.15.6 Binary to CAPCODE Convergion - this section has been rewritten.

+ 5,16 LIST OF COUNTRY CODES reformatted for ease of reading.
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