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Foreword
This foreword is not part of this standard.

This document has been submitted to APCO/NASTD/FED by the
Telecommunications Industry Association (TIA), as provided for in a
Memorandum of Understanding (MOU) dated December, 1993. That MOU
provides that APCO/NASTD/FED will devise a Common System Standard for
digital public safety communications (the Standard), and that TIA shall provide
technical assistance in the development of documentation for the Standard.

This document has been developed with inputs from the TIA Project 25 Interface
Committee (APIC), the APIC Format Task Group, and TIA Industry members.
This document has been developed by the TR-8.15 common air interface
subcommittee of TIA.

This document is being published because it is felt that there is an urgent need
for technical information on the emerging digital techniques for Land Mobile
Radio Service.

This document describes the access method, bandwidth, modulation, data rate,
and message format for radios meeting the Project 25 requirements. These
definitions are necessary to ensure a common air interface. This document
includes a normative Annex A, to list the bits of a voice transmission in
consecutive order.

This standard presents a design for a Common Air Interface which was
recommended by TIA to APCO/NASTD/FED as being suitable for use as part of
their standard for a digital public safety radio system (Project 25). The TIA has
published a Project 25 System and Standards Definition document to list the
remaining parts of the Project 25 suite of documents, which includes this
common air interface.
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Patent Identification

The reader's attention is called to the possibility that compliance with this
document may require the use of one or more inventions covered by patent
rights.

By publication of this document no position is taken with respect to the validity of
those claims or any patent rights in connection therewith. The patent holders so
far identified have, we believe, filed with APCO/NASTD/FED statements of
willingness to grant licenses under those rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such
licenses. Details may be obtained from APCO/NASTD/FED.

The following patent holders and patents have been identified in accordance with
the TIA intellectual property rights policy:

TIA shall not be responsible for identifying patents for which licenses may be
required by this document or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Motorola Inc. -- Patent Nos. US 5,377,229; US 5,271,017; US 5,185,796;
US 5,148,482; US 4,636,791; US 4,590,473

Ericsson Inc. -- Patent Nos. US 4,757,536
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Abbreviations

For the purposes of this standard, the following abbreviations apply.

AFC Automatic Frequency Control

ARQ Automatic Retry Request to retry corrupted packets

BR Base Radio, a reference designating a base station

C4FM Compatible 4-level FM version of QPSK-c modulation
CQPSK Compatible QPSK version of QPSK-c modulation

CRC Cyclic Redundancy Checksum for data error detection

Dibit 2 bits grouped together to represent a 4-level symbol

ES Encryption Synchronization information embedded in voice
FS Frame Synchronization to mark the first information bit

GF Galois Field to calculate parity checks for a RS code

Golay Name of a standard error correction code

Hex Bit 6 bits grouped together to represent a Reed-Solomon code symbol
IMBE Improved Multi-Band Excitation coder for voice

KID Key Identifier to indicate the encryption key for the message
LC Link Control information embedded in voice

LLC Logical Link Control sublayer of the OSI Data Link Layer
LSD Low Speed Data embedded in voice

MAC Media Access Control sublayer of the OSI Data Link Layer
MI Message Indicator to initialize encryption

MR Mobile Radio, a reference designating a mobile or portable radio
NID Network Identifier code word following the frame sync

Octal Base 8 notation for numbers, also called radix 8

Octet 8 bits grouped together, also called a byte

oSl Open Systems Interconnection reference model

QPSK Quadrature Phase Shift Keying modulation for data
QPSK-c Compatible Quadrature Phase Shift Keying family of modulations
RS Reed-Solomon error correction code

SAP Service Access Point, where a network provides a service
Trellis Code Type of error correcting code for modulation

Tribit 3 bits grouped together into a symbol for a trellis code

Type 3 Type of encryption for non-classified communications

Type 4 Type of encryption for export from the US

Um Common Air Interface reference point

vi
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1 Introduction

The obijective of this document is to define the Common Air Interface for all
reference configurations described in the general system model. In a first
reference configuration, this is between mobile and portable subscriber units and
the base stations of any RF subsystems, as illustrated here.

X

AIR
INTERFACE

Figure 1-1 Example Repeater lllustration

According to the Project 25 General System Model, this is the Um interface
between a mobile subscriber unit functional group, and one or more base radio
functional groups at a site, at multiple sites within an RF subsystem, and within
any RF subsystems where the subscriber unit might roam.

i p{an)
U
m

Figure 1-2 Repeater Reference [Model] Configuration

In a second reference configuration, this is directly between mobile and portable
subscriber units in a talk-around configuration, as illustrated here.

A

INTERFACE

Figure 1-3 Example Talk-Around lllustration

In this reference configuration, this is the Um interface between a pair of mobile
subscriber unit functional groups.
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e )
U

m
Figure 1-4 Talk-Around Reference Configuration

2 Scope

The Project 25 standard will cover all of the parts of a system for public safety
land mobile radio communications. These systems have subscriber units (which
include portable radios for hand held operation and mobile radios for vehicular
operation), base stations (for fixed installations), and other fixed equipment (for
wide-area operation and console operator positions), as well as computer
equipment (for data communications). There are interfaces between each of
these equipment items. The Common Air Interface allows these radios to send
and receive digital information over a radio channel. This is shown in Figure 2-1.

PROJECT 25 STANDARD
PORTABLE FIXED DATA

NETWORK

/

— AR TATION
INTERFACE S ©

\

MOBILE CONSOLE

Figure 2-1 Common Air Interface in a Radio System

The Common Air Interface is part of an intended suite of standards necessary for
interoperability. A general overview of the Project 25 standard is in the Project
25 System and Standard Definition given as reference [1]. The reader should
have familiarity with this document. Included in this reference are the Project 25
Overview, General System Model, Standards Organization, Glossary, and the
Statement of Requirements. The Standards Organization is a list of other
applicable Project 25 standards. Sections of reference [1] are also listed as
references. They are reference [1.1], STATEMENT OF REQUIREMENTS, and
reference [1.2], General System Model.

This document directly addresses many of the requirements in the STATEMENT
OF REQUIREMENTS and it uses the elements of the model given in the General
System Model document. Specifically, this document addresses the Physical
Layer and Data Link Layer of the Common Air Interface.

The objective of the Common Air Interface is to ensure that subscriber unit
equipment that conforms to this document will be interoperable at the Physical
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Layer and Data Link Layer with subscriber unit equipment from different
manufacturers, and compatible with radio systems for different agencies. The full
capability of Project 25 will be achieved when these subsequent specifications
and Network Layer definitions are developed. This will allow effective and
reliable intra-agency and inter-agency communications in an all-digital mode for
voice and data. This is in conformance to the STATEMENT OF
REQUIREMENTS.

This document will not provide the specification or operational detail for system
implementations which include but are not limited to trunking, roaming, network
management, vocoder, security, data, subsystems interfaces and data between
private and public switched telephone networks. It will provide only the
appropriate access requirements to ensure common air interface compatibility.
This document will be updated as necessary to ensure Physical and Data Link
Layer compatibility for the purpose of providing a common air interface as
additional system implementation requirements are available.

The Common Air Interface defines a reference point at which communications
between radios can take place. This reference point is designated Um.
Communications through Um are done at a gross bit rate of 9.6 kbps. Several
processes take place to convert information for transmission through the Um
reference point. The Common Air Interface uses a standard voice coder
(reference [2]) to convert speech to a digital format for communication through
Um. This voice information is then protected with additional error correction
coding to provide protection over the channel.

2.1 Revision History

September 1, 1992, P25.920901.3.0, contained the initial outline.

Version 0.2, September 23, 1992, P25.920901.3.1, was the first generally
circulated version.

Version 0.2.1, November 7, 1992, P25.920901.3.2, included revisions to the
encryption synchronization for Type 1 operation, clarifications of the
description, and the inclusion of missing information.

Version 0.2.2, November 16, 1992, P25.920901.3.3, included naming convention
for IMBE bits.

Version 0.2.3, December 9, 1992, P25.920901.3.4, final names selected for
IMBE bits.

Version 0.2.4, April 7, 1993, P25.930901.3.5, altered the Hamming parity matrix
and IMBE interleave table. Also added annex for transmit bit order.

Version 0.2.5, May 19, 1993, P25.930901.3.6, altered the section numbers and
added a paragraph in the introduction.

Version 0.2.5 Rev B, June 2, 1993, altered to include Selective ARQ.

Version 0.2.5 Rev C, July 26, 1993, made numerous typographical changes.

Version 0.2.5 Rev D, August 16, 1993, made numerous typographical changes.

Version 0.2.5 Rev E, February 10, 1994, changed to incorporate comments on a
written ballot. The talk-group ID expanded to 16 bits.
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Version 0.2.5 Rev F, February 6, 1995, added some patents to the patent list,
and symmetrically addressed ACKs.

Revision G, March 23, 1995, added another patent and referred deviation
measurement to TSB-102.CAAA.

Revision H, February 9, 1998, added FDMA to the title and a paragraph in
section 9.1 to mention DQPSK modulation.

Revision J, June 12, 1998, removed restriction to 12.5 kHz channels.

Revision K, September 6, 2002, added AFC for 700 MHz.

Revision L, February 18, 2003, added more AFC information.

Revision M, August 5, 2003, resolved ballot comments.

2.2 References

The following documents contain provisions which, through reference in this text,
constitute provisions of this standard. At the time of publication, the editions
indicated were valid. All standards are subject to revision, and parties to
agreements based on this standard are encouraged to investigate the possibility
of applying the most recent editions of the standards indicated below. ANSI and
TIA maintain registers of currently valid national standards published by them.

[1] Project 25 System and Standards Definition, TIA, TSB102-A, November
1995. This contains within it references 1.1 and 1.2.

[1.1] STATEMENT OF REQUIREMENTS, Project 25 System and Standards
Definition, Appendix C, 8/12/92.

[1.2] APCO Project 25 General System Model, Project 25 System and
Standards Definition, Section 3.

[2] Project 25 Vocoder Description, TIA, TIA/EIA-102.BABA, May 1998.

[3] Common Air Interface Operational Description for Conventional Channels,
TIA, TSB102.BAAD, October 1994.

[4] Digital C4FM / CQPSK Transceiver Methods of Measurement, TIA/EIA-
102.CAAA, June 1999.

[5] Digital CAFM/CQPSK Transceiver Performance Recommendations, TIA/EIA-
102.CAAB, November 2000.

[6] Link Control Word Formats and Messages, TIA, TSB-102.AABF, May 1996.

[7] Common Air Interface Reserved Values, TIA, TSB-102.BAAC-A-1, June
2001.

3 Description

In reference to the General System Model document, the Common Air Interface
reference point is Um. This interface is between mobile, portable, and base
station radios. The interface specifications are organized with the Open System
Interface (OSI) reference model into seven layers. This document describes the
formats for the bottom two layers of the Um interface. These are the Physical
Layer and the Data Link Layer in the OSI reference model.

The Physical Layer is primarily concerned with modulation. This is described in
Section 9 of this document. The Data Link Layer is further separated into a
Media Access Control (MAC) sublayer and a Logical Link Control (LLC) sublayer.
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The MAC sublayer is described in Section 8. The LLC sublayer is described in
Sections 4, 5, 6, and 7. The arrangement of layers, sublayers, and interfaces is
shown in Figure 3-1.

Radio MR or BR

Layers 3 through 7

Layer 2: Data Link Layer
Logical Link Control sublayer

Media Access Control sublayer

Layer 1: Physical Layer

Radio MR or BR

Layers 3 through 7

Layer 2: Data Link Layer
Logical Link Control sublayer

Media Access Control sublayer

Layer 1: Physical Layer

Um Interface
|

I
Figure 3-1 Reference Model Diagram

This document describes the following items that are necessary for basic digital
communication.

Radio Channel Bandwidth

Radio Channel Bit Rate

Modulation

Channel Access

Frame Formats including codes for Error Detection and Correction

Voice Coder
Some additional parts of a Common Air Interface might include Trunking and
Encryption. These additional parts are described in other documents which are
listed in the reference section.

The Common Air Interface consists of several parts that are diagrammed in
Figure 3-2. Voice is processed in a sequence that starts with a voice coder,
proceeds to encryption, and then adds error correction. Other voice functions
are also performed that are not included in the simple diagram of Figure 3-2,
such as addressing and embedded signaling.

VOICE | voICE | switch ERROR
CODER -/ CODE
\ / R CHANNEL
ACCESS_| SYNC& LI yiopylaTOR =
ENCRYPT CONTROL | ACCESS
LLC 1
SUBLAYER TRELLIS
SUQAL’?\A\%ER CODE
N\l PACKETIZE ]
DATA : PHYSICAL
switch LAYER

Figure 3-2 Simple Transmitter Diagram

Data is processed in either of two distinct ways. The simplest way is to directly
modulate the transmitter without any other processing. The other way proceeds
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by first decomposing large data messages into small packets of information.
These packets then have error correction added to them to tolerate noise and
degradation on the channel. Other parts of the data process are not
diagrammed, including any source coding of the data or encryption.

Voice or data messages are stored in the transmitter until the transmitter is ready
to send the message. At that time, the message is gated to the radio modulator
for transmission over the Common Air Interface. Each of these parts of the
Common Air Interface are described in this document.

The order in which subjects in this document are presented corresponds
approximately to the order in which information is processed by a transmitter. As
a result, the subject of error correction is described before the subject of
modulation. In the higher layers of the reference model of Figure 3-1, the
information is portrayed as an abstract block of data that generally does not
represent the way in which it is transmitted through the Common Air Interface. In
the lower layers of Figure 3-1, the information is portrayed in a more physical
manner that more accurately represents the order in which it is transmitted. In
general, the logical representation is used in the LLC sublayer and above while
the physical representation is used in the MAC sublayer and below.
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4 Voice Coder

The voice coder for the Common Air Interface converts voice information into
digital data at the continuous average rate of 4.4 kbps. This corresponds to a
voice frame of 88 bits for every 20 ms of speech. The voice coder for this
document is Improved Multi-Band Excitation or IMBE. The details of IMBE for
this document are defined in reference [2], Vocoder Description.

An IMBE frame encodes 20 ms of speech into 88 bits of information. There are

several fields of information which are briefly described here.

Quantized Pitch -- b_0 -- 8 bits -- This encodes the pitch period. The quantized
pitch value is determined from the unquantized value in the transmitter by
the following relation.

b 0=INT[ 16 kHz - period — 39 ] where the period is in seconds.
The receiver computes the period from:

period = (b_0 + 39.5) - 62.5 ps.
The pitch period allows the computation of the number of harmonics, L,
and the number of sub-bands, K, as follows.

x =INT[ 4 kHz - period + 0.25 ]

L =INT[ 0.9254 x ]

K= INT[ (L+2)/3 ] if L<36

K=12 if L > 36
The quantized pitch is restricted to the range 0 < b_0 < 207 for normal
speech. The values 216, 217, 218, and 219 are used to encode silence.
Other values, 208 through 215 and 220 through 255, are reserved for
future use.

Voiced / UnVoiced -- b_1 -- K bits -- The parameter K will vary from 3 to 12, with
the value of 3 being used for higher pitched sounds (i.e., shorter pitch
periods). Each bit in this vector indicates whether the corresponding sub-
band is voiced or unvoiced.

Quantized Gain Level -- b_2 -- 6 bits -- This encodes the average amplitude of
the speech frame. What is actually encoded is an amplitude residue, so
an estimate of the actual speech amplitude requires several residues to be
combined together from consecutive voice frames.

Quantized Gain Vector and DCT Coefficients -- 73—K bits -- this is an array of
L—1 parameters which encode the amplitudes of the DCT coefficients of
the residues. The IMBE encoder produces the encoded parameters b_3,
b 4,..b_L+1. The parameters are collected together into vectors for the
error correcting codes. The precise way this is done is described in the
Vocoder Description.

Sync -- 1 bit -- This bit alternates between zero and one in the transmitter and
may be ignored in the receiver.

These fields are collected together into vectors with the symbols, u_0, u_1, ...
u_7. The details are given in the Vocoder Description . The sync bit is the least
significant bit of u_7. The construction of the most significant bits of u_0 and the
least significant bits of u_7 are depicted below. The bits signified by periods (.)
are dependent on the parameters K and L. In general, the most significant bits
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are depicted on the left and the least significant are on the right. The index
number for a bit starts with number 0 as the least significant bit and counts up.

u_0 composition b0 b_2
12bits | 7 {6 :15:4i3i2i5i4i{3

u_7 composition b2; b_0 sy
7 bits i .3 .3i0i1:i0inc

5 Voice Formats

5.1 General Description

Voice information is transmitted with additional encryption information, unit
identification, and low speed data to fully utilize the 9.6 kbps of channel capacity
in the Common Air Interface. These other information fields are described in
Section 5.

Voice frames are protected with 56 parity check bits to make the overall size of
the encoded voice frame 144 bits. The voice frames are then collected into
larger data units of 9 frames each. Each data unit is then transmitted over-the-air
in 180 ms. These voice data units are called Logical Link Data Units. Two
consecutive data units are grouped together into a superframe. Each

superframe contains 18 voice frames and takes 360 ms to transmit over-the-air.
The superframes of information are repeated for the duration of the voice
message after the header has been sent. The information content and code
words of a superframe are diagrammed in Figure 5-1.

Header Word Link Control Low Speed Data Encryption Sync

120 bits info 72 bits info 32 bits info 96 bits info

528 parity bits 168 parity bits 32 parity bits 144 parity bits
Header LC LSD I:l I:ILSD ES

Voice Frames
88 bits of Voice

56 parity bits \
/ N
2 s e s e 7 |8 flo f[rofrtfrafra]rafrs 0] 718

Logical Link Data Unit 1 Logical Link Data Unit 2
Figure 5-1 Voice Message Structure

A short header is sent at the beginning of the voice transmission to properly
initialize any encryption function for the message. A Header consists of a single
large code word of 648 bits with 120 bits of information. Additional encryption
information is periodically interleaved throughout the voice message as described
in Sections 5.4 and 8.2.2. A voice message also includes Link Control
information as well as Low Speed Data, described in Sections 5.5 and 5.6
respectively.
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Header | Logical Link| Logical Link | Logical Link | Logical Link | Terminator
Data Unit| Data Unit 1| Data Unit2 | Data Unit 1 [ Data Unit2 | Data Unit
SUPERFRAME
360 msec

Figure 5-2 Data Units for Voice Messages

The sequence of information during a voice transmission is shown in Figure 5-2.
The voice message begins with a Header, and then continues with Logical Link
Data Units or LDUs. The LDUs alternate until the end of the voice message.
The end of the message is marked with a terminator. The terminator can follow
any of the other voice data units. The detailed structure of the data units is given
in Section 8.

5.1.1 Notation

The error correction for voice makes extensive use of Reed-Solomon codes over
an extension Galois Field. The common notation for this type of code is:
RS = Reed-Solomon, as in "an RS code"
GF(26) = extension Galois Field with 26=64 elements,
as in "GF(26) arithmetic"
hex bit = 6-bit symbol for one of the elements of the GF(26) field

Error correcting codes are usually denoted by their block length parameters, n, k,
and d. The length of the code word block is n. The number of information
symbols in the code word is k. The minimum Hamming distance between code
words is d. The code is then denoted by the triplet (n,k,d) as in "(24,12,8) Golay
code." Almost all the codes in this description use binary codes, where the
parameters n, k, and d are in bits. The only exceptions are the Reed-Solomon
codes where the parameters are for symbols of 6 bits each, i.e., hex bits. The
reader can convert the RS code parameters to dimensions of bits by multiplying
the n and k parameters by 6.

Systematic codes are used for all voice information. Each code word contains n
symbols. The first k symbols in the left hand part of the code word contain the
information. The last n—k symbols in the right hand part contain the parity checks
for the code word.

5.1.2 Reserved Bits and Null Bits

In many places in the following formats, there are extra bits which have no
assigned functions. These are labeled as reserved bits or sometimes as null
bits. Reserved bits are reserved for future standard definitions. They are not
intended to allow non-standard implementations, but to allow future revisions to
the document. Transmitters which conform to the standard definitions should
encode the reserved bits with nulls (zeros). Receivers should ignore these fields.

For some fields, not all of the available values are defined. For example, the
Data Unit ID field in Section 8.5.1 has sixteen possible values, but not all of them
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are defined with a function. The remaining values are labeled as reserved to
indicate that future versions of the document may utilize these values for some
possible function.

In some places, additional bits are added as pads. This is especially prevalent at
the end of data units described in Section 8.2. In these cases, the bits are
referred to as null bits and are simply place holders to pad the unit of data to a
convenient time boundary. These bits are not generally part of the message and
the radio system does not need to transport them through the fixed network.
However, these bits are required as part of the Common Air Interface and may
not be used for any other function.

5.2 Header Word

The header word includes the following information fields.
Message Indicator (MI) -- 72 bits -- This is the initialization vector for a
Type 1, Type 2, Type 3 or Type 4 encryption algorithm.
Manufacturer's ID (MFID) -- 8 bits -- This is asserted when non-standard
features are included in the voice message by the manufacturer. This
field has a standard value ($00) when all of the other information fields
conform to the definitions of the Common Air Interface. It is a minimum
requirement for a standard radio to be able to transmit or receive
messages using the standard field definitions of the Common Air
Interface, with the standard value for the MFID field. The minimum
requirement for standard receivers is to ignore messages which do not
contain the standard values for the MFID field.
Algorithm ID (ALGID) -- 8 bits -- This identifies the encryption algorithm in
systems with multiple algorithms.
Key ID (KID) -- 16 bits -- This identifies the encryption key for systems
with multiple encryption keys.
Talk-group ID (TGID) -- 16 bits -- This identifies the talk-group for the
message.
These information fields are concatenated together into 120 bits. They are then
separated into 20 symbols of 6 bits each. Each symbol is called a hex bit.
These are encoded with a (36,20,17) Reed-Solomon code to yield 36 hex bits.
These 36 hex bits are then in turn encoded with an (18,6,8) shortened Golay
code. This yields 648 bits all together.

10
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MFID, 8 bits
ALGID, 8 bits
KID, 16 bits
[ TGID, 16 bits

MI, 72 bits

(36,20,17) RS code
form into 20 hex bits adds 16 hex bits

R

encode with (18,6,8) shortened Golay

Figure 5-3 Diagram of Header Code Word Construction
5.3 Voice Frames

Voice frames consist of 8 information vectors, denotedu_0,u_1, ... u_7,
described in Section 4. Voice frames are encoded into a 144 bit word. The
IMBE bits have been subjectively rated according to their effect on audio quality
and are protected using Golay and Hamming codes described in Sections 5.7
and 5.8. The 48 most important bits are protected against errors using four
(23,12,7) Golay code words. The next 33 most significant bits are protected
against errors using three (15,11,3) Hamming code words. The remaining 7
least significant bits are not protected against errors. The partition of the IMBE
information bits into code words is given in Figure 5-4.

<4— Most Significant Bits Least Significant Bits —#>
12 bits 12 bits 12 bits 12 bits 11 bits 11 bits 11 bits 7 bits

EI[I

N /
Encoded with (23,12,7) Encoded with (15,11,3)
Standard Golay code Standard Hamming code
Collect
114 bit PN sequence 114 bits

1t TrIiiriiiiivion 1t :1:1:1:E,v144bit
o Voice Code Word
Figure 5-4 Diagram of Voice Code Word Construction

It must be remembered that the information words u_0, u_1, ... u_7 may be
encrypted. For messages that are encrypted, the labelsu_0, u_1, ...u_7

11
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designate the encrypted cipher text and not the plain text which is processed by
the voice coder.

After the Golay and Hamming words are constructed, a 114 bit pseudo random
sequence (called a PN sequence) is generated from the 12 bits of u_0 in the
following way. First, a 16 bit initial value called pg is generated from u_0 by
shifting it to the left 4 bits. Then, a linear congruential pseudo random sequence
is generated. Only the first 114 values are used, and only bit 15 (the most
significant) is used for the 114 bit PN sequence. This is all described by the
formulas below.

po=16u_0
Pn=[173 pn—1 + 13849 ] mod 65536 for1<n<114

Let pn(15) represent bit 15 of py. Then:

m_1=[p1(15), p2(15), p3(15), ... p23(15)] first 23 bits
m_2 = [ p24(15), p25(15), p26(15), ... p46(15) ] next 23 bits
m_3 =[ p47(15), p4s(15), p49(15), ... peo(15) ] next 23 bits
m_4 =[ p70(15), p71(15), p72(15), ... p34(15)] next 15 bits
m_5 = [ pgs(15), pse(15), pg7(19), ... pgg(15) ] next 15 bits

m_6 = [ p100(15), P101(15), p102(15), ... P114(15) ] last 15 bits

These PN vectors are then exclusive-ored bit-wise with the Golay code words 1,
2, and 3, and Hamming code words 4, 5, and 6. The right most bit in the vector
m_X is denoted m_X(0). The left most bit in vectors m_1, m_2,and m_3 is
denoted m_X(22), and in general the bits are denoted with numbers in sequence
from left to right as 22, 21, 20, ... 2, 1, 0. Similarly, the left most bit in vectors
m_4, m_5, and m_6 is denoted m_X(14), and in general the bits are denoted with
the numbers 14, 13, 12, ... 2, 1, 0 from left to right.

The result of the exclusive-or sum of the Golay and Hamming code words with
vectors m_1, m_2, ... m_6 are called coset code words. The coset code words
are denoted ¢c_1, c_2, ... c_6 respectively, with c_1, ¢c_2, and c_3 being Golay
coset code words and ¢c_4, ¢c_5, and c¢_6 being Hamming coset code words. For
convenience, the code word c_0 is defined to be Golay code word 0 and the
code word c_7 is defined to be u_7. This is summarized in the following
equations.

Golay code word 0 = [u_0, Golay_0_parity]

Golay coset code word 1 = [u_1, Golay_1_parity] ® m_1

Golay coset code word 2 = [u_2, Golay_2_parity] ® m_2

Golay coset code word 3 = [u_3, Golay_3 parity] e m_3
Hamming coset code word 4 = [u_4, Hamming_4 parity] @ m_4
Hamming coset code word 5 = [u_5, Hamming_5 parity] @ m_5
Hamming coset code word 6 = [u_6, Hamming_6_parity] ® m_6
u_7

OOOOOOOO
\lCD(ﬂ-POJM—\O

12
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5.3.1

Interleaving Schedule

In order to resist fades, the code words are interleaved throughout the voice

frame. The interleaving table is given in Table 5-1. The length of the voice code
word is 144 bits, or 72 dibit symbols. Each dibit has a most significant bit (Bit 1)
and a least significant bit (Bit 0), as shown. The code words are labeled c_X(i)
where (i) refers to the index of the bit. Bit O is the least significant or right most

bit. The symbols are transmitted starting with symbol 0 and ending with symbol

71. There are often other symbols interleaved within the voice frame as

described in Section 8.2.

Table 5-1 Interleaving Schedule for Voice Word

Bit 0

Symbo Bit 1

13

Bit 0

Symbo Bit 1

—_~—
N~NLW N
T T
~— — —
— ™M ©

C_ C_ C_

c_1(12)
c_3(10)
c_6(7)

27
28
29
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5.4 Encryption Sync Word

The encryption information consists of 96 bits to convey the identification and
synchronization necessary to support a multi-key encryption system. The
information includes the Message Indicator (Ml), Algorithm ID (ALGID) for the
encryption algorithm, and the Key ID (KID) for the encryption key. This
information field is expanded to 240 bits with an error correcting code, and
interleaved with the voice information. The encoding is done by serializing the 96
bits of information into 16 hex bits. These are then encoded with a (24,16,9) RS
code to yield 24 hex bits. These hex bits are then encoded with a (10,6,3)
shortened Hamming code. This yields 24 shortened Hamming words for a total
of 240 bits.

ALGID, 8 bits
— KID, 16 bits

MI, 72 bits

(24,16,9) RS code
form into 16 hex bits adds 8 hex bits

UDUO00R0000T00 ADARuRD

encode with
(10,6,3) Hamming

NN e [

Figure 5-5 Diagram of Encryption Sync Code Word Construction
5.5 Link Control Word

The unit identification is encoded into a 72 bit field that is generically identified as
Link Control or LC. The Link Control field includes a Talk-group ID (TGID), a
Source ID, a Destination ID, an Emergency indicator, a Manufacturer's ID
(MFID) and any other information necessary for identification of the call. There is
too much information to be held in a code word with a fixed field format, so a
variable format is used with a Link Control Format (LCF) to specify the word's
information content. Two format examples are diagrammed in Figure 5-6. Other
formats, as well as operational details, are provided in other documents. The
reader is referred to reference [6].

— Emergency, 1 bit

LCF octet| MFID Reserved TGID Source ID
$00 8 bits 15 bits 16 bits 24 bits
< > < 7 octets »
2 octets optionally encrypted
LCF octet| MFID |Reserved Destination ID Source ID
$03 8 bits |8 bits 24 bits 24 bits

Figure 5-6 Link Control Formats

14
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The LC code word is constructed by serializing the LC information into 12 hex
bits. These are then encoded with a (24,12,13) RS code to yield 24 hex bits.

These hex bits are then encoded with the (10,6,3) shortened Hamming code.

This yields 24 shortened Hamming code words for a total of 240 bits.

LC info, 72 bits

form into (24,12,13) RS code
12 hex bits adds 12 hex bits

(A P

encode with
(10,6,3) Hamming

HHE e [

Figure 5-7 Diagram of Link Control Code Word Construction
5.5.1 Terminator Link Control

The Common Air Interface also provides a means for sending a Link Control
code word without sending any voice information. This is done in a Terminator
Data Unit to be defined in Section 8.2.3. In this case, the Link Control format
remains the same but the code word is constructed slightly differently. The 24
hex bits of the Reed-Solomon code are paired into 12 pairs. Each pair is then
encoded with a (24,12,8) extended Golay code. This yields a total of 288 bits.
This is diagrammed in Figure 5-8.

LC info, 72 bits

form into (24,12,13) RS code
12 hex bits adds 12 hex bits

00000000300 AbqmRuaRURND

encode with
(24,12,8) ext. Golay

NN e [

Figure 5-8 Diagram of Terminator Link Control Code Word
5.6 Low Speed Data Word

Low Speed Data is a serial stream of octets, or bytes, of information. This
information is provided for user applications that are not defined in the Common
Air Interface. There are 4 octets, or 32 bits, provided in every 360 ms
superframe, for a total capacity of 88.89 bps. Each octet is encoded with a
(16,8,5) shortened cyclic code. This yields 4 code words, or a total of 64 bits, for
each superframe.

The generator polynomial for the code is given by:

g(x) =x8 + x5+ x4+ x3+1.
The generator matrix for this code is given in systematic form in Table 5-2.

15
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Table 5-2 Generator Matrix of (16,8,5) code

Row 8 x 8 Identity 8 x 8 Parity

1 1000 0000 0100 1110
2 0100 0000 0010 0111
3 0010 0000 1000 1111
4 0001 0000 1101 1011
5 0000 1000 1111 0001
6 0000 0100 1110 0100
7 0000 0010 0111 0010
8 0000 0001 0011 1001

An example code word can be constructed for the USASCII letter "A" as follows.
"A" = $41 encodesto $41 1le = 01 00 00 01 00 01 11 10

5.7 Golay Code Generator Matrices

There are two Golay codes used for the voice information. These are the
(23,12,7) standard Golay code and the (18,6,8) shortened Golay code. Both of
these codes are derived from the standard (23,12,7) Golay code that is
generated by the polynomial g(x) given below. The variable x is used for
elements in an extension Galois Field, which in the case of the Golay code is
GF(223).

g(x) = x11 +x10 +x6 +x5 +x4 +x2+1 = 6165 in octal

It is convenient to use a more compact notation for the matrices generated by
this polynomial, so octal notation will be used. To convert to octal, we first
express the polynomial in binary notation by evaluating the polynomial with x=2.
This yields a number that can be converted to binary, octal or decimal on any
standard hexadecimal calculator. Hence:

g(2) = 3189 rad 10 = 110001110101 rad 2 = 6165 rad 8

It is easy to see that the bits in the binary notation correspond to the coefficients
in the polynomial notation.

The (24,12,8) extended Golay code is formed by appending a single parity check
to the (23,12,7) standard Golay code. The (18,6,8) shortened Golay code is
formed by deleting the left most 6 bits from the (24,12,8) extended Golay code.
The k x n generator matrices are given in Table 5-3. Because the systematic
form of the codes are used, the left hand k x k portion of the generator matrix is
an identity matrix.

16
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Table 5-3 Golay Generator Matrices

row (24,12, 8) (18,6,8)
1 4000 6165 40 3315
2 2000 3073 20 1547
3 1000 7550 10 6706
4 0400 3664 04 5227
5 0200 1732 02 4476
6 0100 6631 01 4353
7 0040 3315
8 0020 1547
9 0010 6706 <« the least significant bit
10 0004 5227 is not used for the
11 0002 4476 (23,12,7) standard Golay
12 0001 4353

5.8 Hamming Code Generator Matrices

The generator matrix for the (15,11,3) standard Hamming code and the (10,6,3)
shortened Hamming code are given in Table 5-4. They are derived from the
code that is generated by the polynomial:

g(x) =x4+x+1 =23 in octal
The shortened code is determined by deleting particular rows and columns from
the standard Hamming code, not just the left hand columns and top rows. The
reason for this is to improve the likelihood of error detection for the shortened
code. The (15,11,3) standard Hamming code is derived from the cyclic version
by arranging the rows of the four parity check columns in ascending order.

Table 5-4 Generator Matrices for Hamming Codes
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5.9 Reed-Solomon Code Generator Matrices

There are three Reed-Solomon codes used for the voice information. These are
the (36,20,17) code, the (24,16,9) code, and the (24,12,13) code. These codes
are all shortened from codes of length 63 by deleting the left most information
symbols of the longer code. For example, the (36,20,17) code is shortened from
the (63,47,17) code by deleting the left most 27 symbols.

Each symbol in the RS code is an element of the extension Galois Field GF(26)
that is generated by the primitive characteristic polynomial «8+o+1. The
elements of GF(26) are represented in polynomial form in the variable o with
binary coefficients and degree less than 6. These polynomials are compactly
and conveniently represented by a 2-digit octal number by evaluating the

17
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polynomial for «=2 and then converting the number to octal, just as was done for
the Golay generator polynomial above. Some representative examples are given
below.

Polynomial Binary Octal Exponential
0 000 000 00 ---
1 000 001 01 o0
a 000 010 02 o]
at+1 000 011 03 ob
02 000 100 04 02
ad+od+aS+ol+a 111 110 76 a2’
ad+ot+ad+ol+a+1 111 111 77 a28

It is useful to also represent the elements of the field in an exponential form as
shown in the last column of the examples given above. This is done by reducing
the powers of o modulo the primitive characteristic polynomial. Tables of all the
elements of the field in octal and exponential form are given below.

o€ =bgo®+bgot+..bqoa+Dbg
e = exponent expressed in decimal radix
b = octal representation of bits (bs, by, ... b1, bg)

Exponential: b =«® Logarithm: e = log(b)
e 0 1 2 3 4 5 6 7 b 1 2 3 4 5 6 7
0|01 02 04 10 20 40 03 06 oo - 0 1 6 2 12 7 26
8|14 30 60 43 05 12 24 50 10 3 32 13 35 8 48 27 18
16| 23 46 17 36 74 73 65 51 20| 4 24 33 16 14 52 36 54
9
5

o

241 21 42 07 16 34 70 63 45 30 45 49 38 28 41 19 56
32| 11 22 44 13 26 54 33 66 40 62 25 11 34 31 17 47
40| 57 35 72 67 55 31 62 47 50| 15 23 53 51 37 44 55 40
48| 15 32 64 53 25 52 27 56 60| 10 61 46 30 50 22 39 43
56| 37 76 77 75 71 61 41 01 701 29 60 42 21 20 59 57 58

The generator polynomial of an (N,K,D) Reed-Solomon code is given by the
following formula. Let R = N-K. Then:

g(x) = (X + a) (X + a?2) (X + a3) ... (x + aR)
This can be directly evaluated for all three codes with the help of the GF(26)
exponential and logarithm tables given above. The results are given below. The

coefficients are in octal while the exponents are in decimal.

gHDR(X) =60 + 73 x + 46 x2 + 51 x3 + 73 x4 + 05 x° + 42 x6 + 64 x’
+33 x8 + 22 x9 + 27 x10 + 21 x11 + 23 x12 + 02 x13
+ 35 x14 + 34 x15 + x16

gLc(X) =50+ 41 x+02x2+74 x3+ 11 x4+ 60 x>+ 34 x6 +71x/
+03 x8 + 55 x9 + 05 x10 + 71 x11 + x12

18
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gES(X) =26 + 06 X + 24 x2 + 57 x3 + 60 x4 + 45 x5 + 75 x6 + 67 x7 + x8

The generator matrix is easily constructed from the generator polynomial. In the
case of the Reed-Solomon code, the natural expression for the generator matrix
uses hex bit symbols. In the natural form, the generator matrix is a K by N matrix
of GF(26) symbols. The matrices are expressed in systematic form so the left
hand K by K matrix is an identity matrix. The generator matrices for the LC and
ES codes are fully documented below. The Header code is large enough that
the identity part of the matrix is left out, and only the right hand parity portion of
the matrix is given.

row

GLc_matrix of (24,12,13) shortened Reed-Solomon code

Ni2Io©WoONOGAWN =

row

01000000
00010000
00 000100
00 00 00 01
00 00 00 00
00 00 00 00
00 00 00 00
00 00 0000
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

Ggg matrix of (24,16,9) shortened Reed-Solomon code

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
01 00 00 00
00 01 00 00
00 00 01 00
00 00 00 01
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
010000 00
00 01 0000
00 0001 00
00 00 00 01

62 44 03 25
111211 11
03010575
217027 45
30220375
014127 56
6176 2155
24 2271 56
72420520
72 14 65 54
73 65 36 61
71055503

14 16 27 03
16 64 67 55
14 06 20 44
16 67 23 64
151533 15
76 64 21 53
76 01 63 35
21357342
43 47 33 56
35254116
422217 04
713460 11

OCONOOADWN-=-

01000000
00010000
00 00 01 00
00 00 00 01
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
0100 00 00
00 0100 00
00 00 01 00
00 00 00 01
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
01000000
00010000
00 00 01 00
00 00 00 01
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

19

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
0100 00 00
00 01 00 00
00 00 01 00
00 00 00 01

514567 15
57256373
0501 31 04
7307 47 14
751551 51
203214 42
02 7543 05
24741572
42 64 07 22
32 32 55 41
65 36 25 07
64 06 54 32
62637470
554334 71
24 232305
67 7545 60

53 04 36 47
01762673
66 06 70 66
73 33 44 21
5103 53 50
04 2501 12
30136470
57744376
01161376
15407126
44 20 25 05
74 02 41 50

64 67 52 12
71224015
1654 2576
4177 47 11
17 67 17 57
754270 54
01401264
24 26 74 61
6120 40 65
5766 2177
50 16 40 51
76 46 14 36
05 27 37 46
57 76 50 64
50 70 42 23
57 24 06 26
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row PHpr_matrix of (36,20,17) shortened Reed-Solomon code
1 74373406 02074464 26142644 54137705
2 04175024 11053057 33030202 15162526
3 07233746 56754345 55215031 45277162
4 26 050763 63276340 06044045 47307507
5 23737341 72342151 67163174 11211221
6 24512523 22417466 74657036 67456401
7 52331402 20061425 52233574 75754327
8 55625625 73601530 13172002 70551447
9 54513265 77125413 35325612 75017263
10 74413041 43225106 64330347 27125547
11 54701103 13221657 03457231 30563522
12 51077230 65540621 36635061 64520160
13 01653270 13447324 12522155 12351472
14 11700510 65241577 22242474 07 4407 46
15 06026511 41204542 46543512 4064 65 33
16 34310115 44641624 52160662 20135557
17 63432544 77631717 64144074 31725406
18 71217044 56043074 04237170 63455643
19 02015374 02145274 12572463 15425233
20 34350223 21272233 64420573 51467360
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6 Data Packets

Data service is provided by the Common Air Interface by the transmission and
reception of data packets. The data service operational detail is provided by
additional specifications. The reader is referred to reference [1], Project 25
System and Standard Definition.

6.1 General Description

Data messages are transferred over the Common Air Interface with a packet
technique. The data message is first split into fragments, where each fragment is
the information contained in a packet. The message fragments are then formed
into packets, and the packets are in turn split into a sequence of information
blocks. Each block is protected by a trellis code, and the sequence of blocks is
transferred over the Common Air Interface as a single packet. Part of the packet
is a check sum to be used to verify the accuracy of the error correction in the
receiver. If the packet is corrupted in confirmed data mode during reception,
then an automatic retransmission request is generated (ARQ) to repeat parts of
the packet. The receiver then reassembles the packets into a continuous

message.
Data Message, arbitrary length |

M = 12 octets for unconfirmed
‘M = 16 octets for confirmed

Block
M octets

Data Packet
Figure 6-1 Decomposition of Data Message into Packets

The maximum number of fragments of a single data message is not bounded.
The only restriction on the fragments is that they must not be longer than a
maximum length. Each fragment is in turn split into blocks with each block
containing either 16 or 12 octets of data, for confirmed and unconfirmed data
transmission respectively. A special block called a header block is sent at the
beginning of the packet. The maximum number of blocks in a packet, including
the header block, is upper bounded by the maximum fragment length. The
maximum fragment length sets a minimum storage limit on the BR and MR of a
Project-25 system. The MR and BR shall have storage for a fragment of at least
512 octets. Larger fragments are possible if transmitters and receivers are
designed for them. In such a circumstance, the fragments need not be limited to
512 octets.
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6.2 Header Block Structure

The header block contains 10 octets of address and control information, followed
by 2 octets of a header CRC error detection code (see Figure 6-2). The header
CRC is calculated from the first 10 octets of address and control using the
cyclical redundant coding procedure commonly referred to as CRC-CCITT. The
particulars of the calculation follow.

Consider the 80 header bits as the coefficients of a polynomial M(x) of degree
79, associating the MSB of the zero-th header octet with x”9 and the LSB of the
ninth header octet with x0. Define the generator polynomial, Gy(x), and the
inversion polynomial, IH(x).

GH(x) =x16 + x12 + x5 + 1 IH(X) = x19 + x14 + x13 + .+ x2 + x +1
The header CRC polynomial, Fy(x), is then computed from the formula,
Fu(x) = ( x16 M(x) mod Gy(x) ) + I4(x) modulo 2, i.e., in GF(2)

The coefficients of Fy(x) are placed in the CRC field with the MSB of the zero-th

octet of the CRC corresponding to x15 and the LSB of the next octet of the CRC
corresponding to xO0.

6.3 Data Block Structure

Data packets use two different structures for two different types of data. Data
may be sent with either confirmed delivery or unconfirmed delivery. Confirmed
delivery is used to require the recipient of the packet to send an acknowledgment
of receipt. Unconfirmed delivery is used if the originator of the packet does not
require an acknowledgment. The distinction between confirmed and
unconfirmed is signified in the header block.

6.3.1 Unconfirmed Data Block Structure

In the case of unconfirmed delivery, the data packet has a 32 bit CRC over the
data contents to allow the recipient to determine if the packet has been received
without error. This CRC is positioned at the end of the packet, as the last four
octets in the last block of the packet. If the required data does not exactly fill all
the blocks then pad octets shall be added to the end of the data in the packet,
but before the CRC, to extend the total packet length to exactly fill all of the
blocks in the packet. Packets with unconfirmed delivery always put 12 octets in
each block, and protect each block with a rate 1/2 trellis code. The number of
blocks in the packet which follow the header block, the number of pad octets in
the packet, and the fact that it uses unconfirmed delivery, are all indicated in the
header block.
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6.3.2 Confirmed Data Block Structure

In the case of confirmed delivery, the individual blocks in the packet each have
separate CRC parity checks. Each block contains 16 octets of data, and two
octets of numbering and CRC information. The number and CRC octets allow
the recipient to distinguish those data blocks which were received correctly.
When a data block is received with a detectable error, then the recipient shall
send an acknowledgment back to the sender to request a retransmission of the
corrupted block. This is called selective ARQ. Each block in the packet is
protected with a rate 3/4 trellis code. As in the case of unconfirmed delivery, pad
octets shall be used to exactly fill all of the blocks in the packet.

6.3.3 Packet CRC

The Last Block in a packet comprises several octets of user information and / or
pad octets, followed by a 4-octet CRC parity check. This is referred to as the
packet CRC.

The packet CRC is a 4-octet cyclic redundancy check coded over all of the data
octets included in the Intermediate Blocks and the octets of user information of
the Last Block. The specific calculation is as follows.

Let k be the total number of user information and pad bits over which the packet
CRC is to be calculated. Consider the k message bits as the coefficients of a
polynomial M(x) of degree k—1, associating the MSB of the zero-th message
octet with xk—1 and the LSB of the last message octet with x0. Define the
generator polynomial, G (x), and the inversion polynomial, Ip(x).

GM(X):X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+
x4+ x2+x+ 1
IM(X) = x31 +x30 + x29 + _ + x2 + x +1

The packet CRC polynomial, Fp(x), is then computed from the following formula.
Fm(X) = ( x32 M(x) mod Gp(x) ) + Im(x) modulo 2, i.e., in GF(2)

The coefficients of Fy(x) are placed in the CRC field with the MSB of the zero-th

octet of the CRC corresponding to x31 and the LSB of the third octet of the CRC
corresponding to xO.

6.4 Confirmed Data Packet Formats
6.4.1 Confirmed Data Packet Header Format

The confirmed data packet header block is shown in Figure 6-2. The bits are
filled in for the fields with static definitions. Additional fields are labeled and
described below. Reserved bits in the block are set to 0. This packet header is
used for user data messages which require an acknowledgment upon receipt.
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Header Block

octet 0[O0 [A[IO[1 0 1 1 0
1{1]1 SAP Identifier
2 Manuf. ID
3
4 Logical Link ID
5
6| F | Blocks to Follow
710 0 0] PadOctetCt
8{S| N©) | FSNF
910 0| DataHeader Offset
10 Header CRC
octet 11

7 6 5 4 3 2 1 0
Figure 6-2 Confirmed Data Packet Header Block

A/N (bit 6 of octet 0) = 1 to indicate that confirmation for this packet is desired.

I/0 (bit 5 of octet 0) = 1 for outbound messages, 0 for inbound messages.

Format (bits 4 — 0 of octet 0) = %10110 to identify this message as a data packet
with confirmed delivery.

SAP Identifier identifies the Service Access Point to which the data is directed.
Defined SAP values are in a supplementary document.

Manufacturer's ID identifies the manufacturer for non-standard data functions.
Defined values are in a supplementary document.

Logical Link ID identifies the MR (subscriber unit) which sent the packet for
inbound messages, or the MR to which the packet is directed for
outbound messages.

FMF (bit 7 of octet 6) is the Full Message Flag (FMF). The FMF = 1 on the first
try for the complete packet and FMF = 0 on subsequent retries.
The value of FMF=1 is used in the receiver to signify that the
Blocks to Follow and Pad Octet Count fields indicate the amount
of data being transported in the complete packet.

Blocks to Follow specifies the number of blocks in the packet not including the
header block.

Pad Octet Count specifies the number of pad octets which have been appended
to the data octets to form an integer number of blocks. The actual
number of data octets is given by the formula below.

Number Data Octets = 16 x Blocks to Follow — 4 — Pad Octet Count

Syn (bit 7 of octet 8) is a flag used to re-synchronize the physical sublayer
sequence numbers. The receiver accepts the N(S) and FSNF
fields in this message if the Syn bit is asserted. This bit effectively
disables the rejection of duplicate messages when it is asserted. It
should only be asserted on specially defined registration messages.
On all user data messages, it should be cleared.

N(S) is the sequence number of the packet. This is used to identify each request
packet so that the receiver may correctly order the received
message segments and eliminate duplicate copies. It is
incremented modulo 8 for each new data packet that is transmitted.
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The transmitter shall not increment this counter for an automatic
retry. The receiver maintains a receiver variable V(R) which is the
sequence number of the last valid packet to be received. The
receiver accepts packets with N(S) = V(R) or V(R)+1. If N(S)=V(R),
then the packet is a duplicate. If N(S) = V(R)+1, then the packet is
the next one in the sequence.

FSNF is the Fragment Sequence Number Field. This is used to consecutively
number message fragments that together make up a longer data
message. The most significant bit shall be asserted for the last
fragment in the chain, and shall be cleared otherwise. The three
least significant bits correspond to the Fragment Sequence Number
(FSN). They shall be set to %000 for the first fragment and shall be
incremented for each subsequent fragment. When the number
reaches %111 the next increment shall be %001 and not %000. A
logical message consisting of a single fragment (or packet) shall
have a value of %1000 for the FSNF.

Data Header Offset is an offset pointer that divides the data portion of the
packet into two components, data header and data information. A
data header offset value of 3 would specify that the first three octets
in the user data comprise the data header and that the actual
information begins in the fourth byte. The use of a data header is
dependent on the application.

Header CRC is the CRC parity check described in Section 6.2 for the header
block.

6.4.2 Confirmed Data Packet Data Block Format

The blocks of user data are diagrammed in Figure 6-3. The first two octets
contain a serial number and a CRC. The remaining 16 octets may contain user
data. In the case of the Last Block of the packet the 16 octets may contain some
pad octets and a 4 octet CRC defined in Section 6.3.3. The next to last block in
the packet may also contain some pad octets, if the Pad Octet Count in the
Header Block exceeds 12.

octet 0 | Data Block Serial Number | b8

1 CRC-9 (bits 7..0)

Bw N

14 User Data
15
16
octet 17

7 6 5 4 3 2 1 0
Figure 6-3 Confirmed Data Packet Data Block

Serial Number (bits 7..1 of octet 0) is the serial number for the block within the
packet. On the first try these serial numbers start at 0 and
increment up to M—1, where M is equal to the Blocks To Follow
field in the Header Block. On subsequent retries, not all blocks are
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generally included, and these serial numbers allow the transmitter
to indicate which blocks are being sent.

CRC-9 (octet 1 and bit 0 of octet 0) is the 9-bit CRC for the data block. The
computation of this field is described below.

The transmitter computes the CRC-9 as follows. First, the 16 octets of user data
and the seven bits of the serial number are arranged as 135 bits, with the serial
number being the first seven bits. These are then considered to be the
coefficients of a message polynomial, M(x), of degree 134, with
bit 6 of the Serial Number corresponding to a coefficient of the x134 term,
bit 5 of the Serial Number corresponding to the x133 term,

bit 0 of the Serial Number corresponding to the x128 term,
bit 7 of octet 2 corresponding to the x127 term,
bit 6 of octet 2 corresponding tot he x126 term,

bit 1 of octet 17 corresponding to the x' term, and
bit 0 of octet 17 corresponding to the x0 term.

Define the generator polynomial, Gg(x), and the inversion polynomial, Ig(x).
Gg(x) =x9 + x6 + x4 + x3 + 1 lg(x) =x8+ x7 +x6 + ... x + 1

The CRC-9 polynomial, Fg(x), shall be computed from the formula,
Fo(x) = ( x® M(x) mod Gg(x) ) + lg(x) modulo 2, i.e., in GF(2)

The coefficients of Fg(x) are placed in the CRC-9 field with the MSB
corresponding to bit 0 of octet 0, the next most significant bit corresponding to bit
7 of octet 1, and the LSB corresponding to bit O of octet 1.

6.4.3 Confirmed Data Packet Last Data Block Format

The last block of the packet is diagrammed in Figure 6-4. Up to 12 pad octets
may be included in the last data block. If the message has more than 12 pad
octets, then additional pad octets are included in the second to last data block.
The last four octets of the last data block consist of the packet CRC, as
described in Section 6.3.3.

octet 0 [ Data Block Serial Number | b8
1 CRC-9 (bits 7..0)
2 User Data
3 followed by
.. Pad Octets
13
14
15 Packet
16 CRC
octet 17

7 6 5 4 3 2 1 0
Figure 6-4 Confirmed Data Packet Last Data Block
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6.5 Response Packet Format

The response packet header block is shown in Figure 6-5. This packet may have
data blocks following it as shown in Figure 6-6. It is used to confirm delivery for
data packets sent with the A/N bit set, as shown in the Confirmed Data Packet

format.

Acknowledgment
octet o[0JOJIOT0O 0 0 1 1
1|Class| Type | Status
2 Manuf. ID
3
4 Logical Link ID
5
6| X | Blocks To Follow
7 Source
8 Logical Link ID
9 (when X =0)
10 Header CRC
octet 11

7 6 5 4 3 2 1 0

Figure 6-5 Response Packet Format

I/0O (bit 5 of octet 0) indicates the direction of transmission. It is 1 for outbound
messages and 0 for inbound messages.

Format (bits 4 .. 0 of octet 0) = %00011 to identify this message as a Response.
Class, Type, and Status specify the meaning of the response. An abbreviated
table of the meanings is given in Table 6-1.

Table 6-1 Response Packet Class, Type, and Status Definitions

Class Type Status Meaning

%00 %001 N(R) ACK -- All blocks successfully received

%01 %000 N(R)* NACK -- lllegal Format

%01 %001 N(R) NACK -- Packet CRC (32-bit) parity check failure
%01 %010 N(R) NACK -- Memory Full

%01 %011 FSN NACK -- Out of logical sequence FSN

%01 %100 N(R) NACK -- Undeliverable

%01 %101 V(R) NACK -- Out of sequence, N(S) # V(R) or V(R)+1
%01 %110 N(R) NACK -- Invalid User disallowed by the system
%10 %000 N(R) ACK -- Selective Retry for some blocks

* In the case of an illegal format, the N(R) may have no real meaning.

Logical Link ID (octets 3, 4, 5) has the same meaning as for the Confirmed Data
Packet Format in Section 6.4. In the case of Enhanced Addressing
used in Section 6.7, this field contains the Destination Logical Link

ID.

X (bit 7 of octet 6) is set to %1 for Response Packets sent in response to the
Confirmed Delivery packets defined in Section 6.4. The X bit is
cleared to %0 for Response Packets sent in response to Enhanced
Address Confirmed Delivery packets defined in Section 6.7.
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Blocks To Follow indicates the number of additional blocks which contain flags
for selective retries.

Source Logical Link ID (octets 7, 8, 9) is set to nulls when X=1. It is set to the
address of the responding MR (or BR) when X=0.

Header CRC is computed with the method described in Section 6.2.

N(R) is the sequence number N(S) received in the confirmed data packet.

In the case of NACK Type %011, the FSN value fills the Status field. The FSN is
the Fragment Sequence Number, namely the three least significant bits of the
FSNF field. It indicates the FSN received in the packet that was unexpected by
the receiver.

In the case where blocks are to be selectively retried, the Class field is set to
%10, and subsequent blocks of additional information are appended to the
header block. The number of blocks is indicated in the Blocks To Follow field.
The format for subsequent blocks is given in Figure 6-6 for the case where only a
single block follows. It contains selective retry flags for up to 64 blocks. If more
flags are necessary, then two blocks may be used and flags for up to 127 blocks
are sent. The maximum number of blocks in a packet is 127.

octet 0(f7 f6 f5 f4 f3 f2 f1 O
1]15 . fo f8
2|23 o 16
3131 . . . 24
4 33 32
5
6
7
8 CRC
9
10

octet 11

7 6 5 4 3 2 1 0
Figure 6-6 Response Packet Data Block

The Flag bits are set to 1 to indicate the receipt of the corresponding block, and
they are set to 0 to indicate that the block should be retried. They are placed in
the order shown in Figure 6-6. Unused flag bits, bits corresponding to blocks
with numbers higher than are used in the packet, shall be set to 1.

The CRC is the 32 bit CRC defined in Section 6.3.3.
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6.6 Unconfirmed Data Packet Header Format

The format of the Unconfirmed Data Packet Header is shown in Figure 6-7. Itis
the same as the Confirmed Data Packet Header, except that the Syn, N(S), and
FSNF fields are nulled out. The A/N bit (bit 6 of octet 0) is cleared to 0 to
indicate unconfirmed delivery. This header is useful for data messages which
are not to be acknowledged by this layer 2 protocol. This includes certain
classes of Over-the-Air-Rekeying messages which are acknowledged in a
delayed fashion, or which are acknowledged in an encrypted fashion. The
meaning of the fields of this header can be found in the Confirmed Data Packet
Header Format given in Section 6.4.

Header Block

octetOOA|O|1 0O 1 0 1
111(1 SAP Identifier
2 Manuf. ID
3
4 Logical Link ID
5
61| Blocks to Follow
710 0 0| PadOctet Count
8 reserved octet
910 0| DataHeader Offset
10 Header CRC
octet 11

7 6 5 4 3 2 1 0
Figure 6-7 Unconfirmed Data Packet Header Format

The data blocks which follow this Header Block consist of 12 octets of user data.
There is no CRC or Serial Number in each block as in the case of the format for
Confirmed Delivery in Section 6.4. The Last Block shall contain a packet CRC in
the last four octets as defined in section 6.3.3. This is shown in Figure 6-8. The
number of octets of user data is computed in a slightly different fashion than in
the Confirmed Data case. The formula is:

Number Data Octets = 12 x Blocks To Follow —4 — Pad Octet Count

octet 0 User Data
1 followed by
.. Pad Octets
7
8
9 Packet
10 CRC
octet 11

7 6 5 4 3 2 1 0
Figure 6-8 Unconfirmed Data Packet Last Data Block
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6.7 Enhanced Addressing Format

Enhanced Addressing is used when subscribers have to send data directly
between each other without necessarily relying on fixed network equipment. This
service requires both a source and a destination address on every packet of
information. For this purpose, a special SAP Identifier, denoted as the "EA SAP"
is used to signify that a second address is inserted in the packet before the user
data. The general format of an Enhanced Addressing data message with
Unconfirmed delivery is shown in Figure 6-9. The format for Confirmed delivery
is given in Figure 6-10.

The header block conveys the destination ID, so the I/O bit in header octet 0 is
set to %1 to signify a destination address. The A/N bit is set or cleared in the
usual way to indicate confirmed or unconfirmed delivery. In the case of
Unconfirmed delivery, the bit is cleared.

header octet 0[O0 |A[IO][1 0 1 0 1

11101 EA SAP

2 Manuf. ID

3 Destination

4 Logical Link ID

5

61| Blocks to Follow
710 0 0| PadOctet Count
8 reserved octet

910 0| DataHeader Offset

10 Header CRC
header octet 11

data octet 0[O |A[IO[1 0 1 0 1

11111 SAP Identifier
2 Manuf. ID
3 Source
0 4 Logical Link ID
second 5
header 6
J 7
8 reserved octets

9

10 Header CRC 2

data octet 11
12

More Data

7 6 5 4 3 2 1 0
Figure 6-9 Unconfirmed Enhanced Addressing Packet Header Format

The first data block in the Unconfirmed packet conveys the source address of the
message in a format that is identical to a header block. It is referred to as the
second header. The I/O bit is cleared in data octet O to indicate that the address
is a source address. The SAP ldentifier for the message is also conveyed in this
block in octet 1. Octets 6 through 9 are unused, and then the normal header
CRC is calculated over this data block and put into octets 10 and 11.
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The format for a Confirmed data packet with Enhanced Addressing is shown in
Figure 6-10 below. In this packet the A/N bit in the Header Block is setto 1. The
first data block now contains a reservation of four octets to convey the address of
the Source as well as the SAP Identifier for the user data.

header octet 0[O0 |A[IO[1 0 1 1 0
11101 EA SAP
2 Manuf. ID
3 Destination
4 Logical Link ID
5
6F| Blocks to Follow
710 0 0| PadOctet Count
8{S] N©BS) | FSNF
910 0| DataHeader Offset
10 Header CRC
header octet 11
data octet 0 Serial Number [ b8
1 CRC-9 (bits 7..0)
) 2
second 3 Source
header 4 Logical Link ID
1 s{1]1]  SAP Identifier
6
7
.. User Data Octets
15
16
data octet 17
18
Next Block

7 6 5 4 3 2 1 O
Figure 6-10 Confirmed Enhanced Addressing Packet Header Format
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7 Data Error Correction

The data blocks for Unconfirmed data packets use a rate 1/2 trellis code while
data blocks for Confirmed data packets use a rate 3/4 trellis code. The Header
block for data packets always uses a rate 1/2 trellis code. The encoding process
of the rate 3/4 code is diagrammed in Figure 7-1.

Data Block
octet 0
serialize octet 1
octets . e
octet n-1
76543210 w
%000
flushing
separate S *tribit
into tribits * * *
O111213]|4]15] «aa |Mm4m-3|m-2|m-1
Trellis Encoder | Constellation
Finite State Point Interleaver | Dibits
Machine Dibit Pair to Modulator

Figure 7-1 Rate 3/4 Trellis Encoder Overview

The encoding process begins by serializing a sequence of octets as shown, from
left to right, and then separating the result into a serial stream of tribits. Each
tribit contains three bits with the most significant bit to the left and the least
significant bit to the right. Consequently, each tribit is represented by an octal
number in the range 0 to 7. The tribit stream is applied to the trellis encoder,
starting with tribit 0 and ending with tribit m—1.

The process for the rate 1/2 code is similar. The data octets are serialized in the
same way, except that they are separated into dibits instead of tribits. The trellis
encoder processes individual dibits on the input and produces a constellation
point consisting of a dibit pair on the output. Hence, 2 bits go in and 4 bits go
out, resulting in a rate 1/2.

Table 7-1 Trellis Code Word Sizes

| Rate 3/4 | Rate 1/2 |
Input Size 48 tribits 48 dibits
Output Size 98 dibits 98 dibits
(n,k) (196,144) (196,96)

The trellis encoder is implemented as a finite state machine, or FSM. It appends
a %00 dibit (or %000 tribit) at the end of the stream to flush out the final state.
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The dibits on the output are mapped to +1, £3 amplitudes and then interleaved
before being modulated.

7.1 Finite State Machine

The trellis encoder receives m dibits (or tribits) as input, and outputs 2m dibits.
The encoding process is diagrammed below in Figure 7-2. The encoder is a 4-
state finite state machine for the rate 1/2 code and an 8-state finite state machine
(FSM) for the rate 3/4 code, with an initial state of 0. The FSM used in this
particular implementation has the special property of having the current input as
the next state. For each dibit (or tribit) input, there is a corresponding output
constellation point which is represented as a dibit pair.

‘ input
Current Finite State
Input Symbols State Machine Constellation
Dibits for Rate 1/2 Storage state Transition Point Output
Tribits for Rate 3/4 9 Table (Dibit Pair)

Figure 7-2 Trellis Encoder Block Diagram

The state transition table is shown in Table 7-2 below. The output of the state
transition table is one of 16 constellation points. The constellation to dibit pair
mapping is shown in Table 7-3 below.

Table 7-2 Trellis Encoder State Transition Tables

Rate 1/2 Input
0 1 2 3
0 0 15 12 3
FSM 1 |4 11 8 7
State 2 13 2 1 14
3 9 6 5 10
Rate 3/4 Input Tribit
0 1 2 3 4 5 6 7
0 0 8 4 12 2 10 6 14
114 12 2 10 6 14 0 8
2 1 9 5 13 3 11 7 15
FSM 3 5 13 3 11 7 15 1 9
State 4 | 3 11 7 15 A1 9 5 13
5 7 15 1 9 5 13 3 1"
6 2 10 6 14 0 8 4 12
7 6 14 O 8 4 12 2 10
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Constellation

Point
0

~NOoO U~ WN PP

7.2

Interleaving is done for data blocks, both for the rate 3/4 code and the rate 1/2
code. The purpose of the interleaver is to spread burst errors due to Rayleigh
fading over the 98 dibit block. In the interleaver, the dibit array is rearranged to
form another dibit array according to the interleave table shown in Table 7-4

Interleaver

Table 7-3 Constellation to Dibit Pair Mapping
Dibit 0

+1
-1
+3
-3
-3
+3
-1

+1

Dibit 1

-1
-1
-3
-3
-1
-1
-3
-3

Constellation
Point

8
9
10
11
12
13
14
15

Dibit 0

-3
+3
1
+1
+1
1
+3
-3

below. The interleaving table is the same for both codes.

Table 7-4 Interleave Table

Di

bit 1

+3
+3
+1
+1
+3
+3
+1
+1
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INTERLEAVE TABLE
Output  Input | Output Input | Output Input | Output Input
Index Index Index Index Index Index Index Index

0 0 26 2 50 4 74 6
1 1 27 3 51 5 75 7
2 8 28 10 52 12 76 14
3 9 29 11 53 13 77 15
4 16 30 18 54 20 78 22
5 17 31 19 55 21 79 23
18 72 44 74 68 76 92 78
19 73 45 75 69 77 93 79
20 80 46 82 70 84 94 86
21 81 47 83 71 85 95 87
22 88 48 90 72 92 96 94
23 89 49 91 73 93 97 95
24 96
25 97
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8 Channel Access

8.1 General Description

This portion of the Common Air Interface specifies the method of synchronization
for frames of information encoded as described in the other Sections. It also
specifies a Network Identifier (NID) so that co-channel interference can be
rejected by receivers. Finally, a method of signaling channel status to subscriber
units is defined so that collisions between data messages are minimized.

Frame synchronization is provided by a special sequence of bits that marks the
location of the first bit of the message. This frame synchronization is done at the
beginning of every voice and data message, and it is periodically inserted every
180 ms throughout the voice message to allow receivers to pick up voice
messages from the middle.

The Network Identifier provides a simple means of addressing radio networks or
specific repeaters, depending on the radio system configuration. The NID also
allows subscriber units to reject traffic from other radio networks that happen to
interfere with desired communications. The NID also has a small field which
identifies the type of message (e.g., voice or data) so that the proper error
correction can be performed.

Access to the radio channel is done in such a way as to minimize collisions
between data messages from different subscriber units, and also to minimize
collisions between data and voice. The technique of Carrier Sense Multiple
Access (CSMA) may be used for this purpose. On typical repeater channels,
there is a radio frequency pair. One frequency is used for inbound messages to
the repeater's receiver and another frequency is used for outbound messages
from the repeater's transmitter. The repeater is full-duplex, so it can transmit
simultaneously while it is receiving. While the repeater is transmitting, it can
send status information to all the listening subscriber units about the status (idle
or busy) of the inbound channel. When a subscriber unit wishes to transmit a
data message, it shall wait until the inbound channel is idle before it transmits,
unless the call is an emergency call. Operational detail of channel access may
be found in additional specifications for trunked and conventional channel
operation. These may be found in references [1] and [3].

8.2 Data Units

Voice and data messages are sent over-the-air as data units. Each data unit has
a frame synchronization and Network Identifier word as a preamble. Throughout
the data unit there are status symbols interleaved such that there is one status
symbol of two bits after every 70 bits of information. There are six different data
units, five for voice and one for data. These are diagrammed in Figure 8-1
below.
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VOICE CASE

Header | Logical Link| Logical Link | Logical Link | Logical Link | Terminator
Data Unit| Data Unit 1| Data Unit2 | Data Unit 1 [ Data Unit2 | Data Unit

SUPERFRAME
360 msec

DATA CASE

Packet
Data Unit
Packet Length is variable
Figure 8-1 Data Units for Voice and Data Messages

8.2.1 Header Data Unit

A diagram of the header data unit is given in Figure 8-2. It consists of the frame
synchronization (FS) signal, followed by the Network Identifier (NID), then the
header code word of 648 bits. There are ten null bits appended to the end to fill
the entire data unit out to 770 bits. This total is then expanded with eleven status
symbols to 792 bits. This takes 82.5 ms of air time at 9.6 kbps.

FS NID Header Code Word | Nulls
48 bits| 64 bits 648 bits 10 bits

expand with status symbols

\ 11 Status Symbols
2 bits after every 70 bits

Figure 8-2 Header Data Unit
8.2.2 Superframe Data Units

A superframe is constructed from two data units. These are simply called Logical
Link Data Unit 1 and Logical Link Data Unit 2, or LDU1 and LDU2. A diagram of
the superframe data units is given in Figures 8-3 and 8-4. Each data unit
conveys nine voice code words. Each voice code word is in a frame that spans
an average of 20 ms of air time. The voice frames are numbered 1 through 18,
with frames 1 through 9 in LDU1 and frames 10 through 18 in LDUZ2.
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LC, 240 bits LSD, 32 bits
24 short ing words 2 cyclic code words

FS 48 bits 1-4 | 21-24 Voige
NID 64 bits ' P 144 bits
r 5-8 ’J ‘9-12 13-16  |17-20 \
c3 c4 |liivcs

expand with

24 Status Symbols / /
2 bits after every 70 bits

Figure 8-3 Logical Link Data Unit 1

ES, 240 bits LSD, 32 bits
24 short Hamming words 2 cyclic code words
[

FS 48 bits 1-4 21-24 Voice

NID 64 bits P 144 bits
r 5-8 ’J ‘9- 2 [13-16 [17-20 \
| _
| ézcm“iCﬂl

\ 24 Status Symbols / /
2 bits after every 70 bits

Figure 8-4 Logical Link Data Unit 2

8.2.3 Terminator Data Units

There are two terminating data units for voice messages. The simple one
consists solely of a frame sync and Network ID. A more elaborate terminator
adds a Link Control word. These are diagrammed in Figures 8-5 and 8-6.

The simple terminating data unit is intended for simple operation. At the end of a
voice message, the transmitter sustains the transmission until the Link Data Unit
of Section 8.2.2 is completed. This is done by encoding silence for the voice. At
the end of the Link Data Unit, the transmitter then sends the simple terminating
data unit to signify the end of the message. The terminating data unit may follow
either LDU1 or LDU2.
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28 nulls
FS NID |_—

48 bits| 64 bits

expand with status symbols

\\ 2 Status Symbols

2 bits after every 70 bits

Figure 8-5 Simple Terminator Data Unit

The Common Air Interface also provides a means of sending a Link Control word
at the end of a voice message. This is an expanded terminating data unit
diagrammed in Figure 8-6. The Link Control word is protected with the Golay
inner code instead of the Hamming inner code that is used in the Link Data Unit
for voice. This is explained in Section 5.5.1. The use of the Terminator Data
Units may be found in the specifications for trunked and conventional channel
operation. These may be found in reference [1].

Nulls
FS NID LC Code Word ﬂbits
48 bits| 64 bits 288 bits

expand with status symbols

\ 6 Status Symbols
2 bits after every 70 bits

Figure 8-6 Terminator Data Unit with Link Control
8.2.4 Packet Data Unit

Packets of data are sent as variable length data units. The length of the data
packet is enclosed in the header block of the data packet. Trailing nulls are sent
at the end of the data packet to fill out to the next status symbol.

FS NID Trellis coded Header Block Optional Blocks
48 bits| 64 bits 196 bits

expand with status symbols
\\ Status Symbols as required S
2 bits after every 70 bits
Figure 8-7 Packet Data Unit

8.3 Frame Sync Word

The sync word consists of the bit sequence listed in Table 8-1. This is
transmitted in the order from left to right as shown. Only 24 bits are listed in the
first vector, while the sync signal actually consists of 48 bits. Each bit is
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consequently expanded to represent two bits which are then encoded into a
single di-bit symbol. The expanded sequence is listed in the second vector.

Table 8-1 Frame Sync Word Sequence

transmitted first transmitted last
{ {
0000 0100 1100 1111 0101 1111
0 4 C F 5 E

where "1" = di-bit (11) and "0" = di-bit (01)
The expanded vector is:

01010101 01110101 11110101 11211111 01110111 11111111
5 5 7 5 F 5 F F 7 7 F F

8.4 Status Symbols

Status symbol codes are given in Table 8-2. The Usage column indicates radio
transmitters that may transmit the corresponding Status Symbol value.
Subscribers shall not transmit Status Symbol values 01 or 11. Subscribers may
determine the presence of infrastructure transmissions by the periodic presence
of those status symbol values (01 or 11) interleaved with the Unknown Status
Symbol value of 10. Subscribers may gate an AFC function with the detection of
infrastructure transmissions so as to obtain nearly the same reference oscillator
stability as provided by the infrastructure.

Table 8-2 Status Symbol Codes

Status Meaning Usage
Symbol
01 Inbound Channel is Busy Repeater
00 Unknown, use for talk-around Subscriber
10 Unknown, use for inbound or outbound Repeater or subscriber
11 Inbound Channel is Idle Repeater

8.5 Network Identifier

The Network Identifier encodes 16 bits of information. The 16 bits of information
are separated into a 12-bit Network Access Code and a 4-bit Data Unit ID as
shown in Table 8-3. This information is protected with a (63,16,23) primitive BCH
code. A single parity bit is appended to the end to round out the NID code word
to 64 bits.

Table 8-3 Network ldentifier Information

1 transmitted first transmitted last {

Network Access Code Data Unit ID
A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 |S3 S2 S1 SO

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8.5.1 Data Unit ID

The codes for the 6 different data units for this document are given in Table 8-4.
The P bit is the last (64-th) parity bit in the code word. The remaining 10 values
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not given in Table 8-4 are reserved for use in trunking or other systems. The
reader is referred to reference [7].

Table 8-4 Data Unit Identifier Values

Data Unit ID P Data Unit Usage

%0000 0 Header Data Unit

%0011 0 Terminator without subsequent Link Control
%0101 1 Logical Link Data Unit 1

%1010 1 Logical Link Data Unit 2

%1100 0 Packet Data Unit

%1111 0 Terminator with  subsequent Link Control

8.5.2 NID Code

The (63,16,23) BCH code used for the NID is generated using the extension
Galois Field as for the Reed-Solomon codes used for voice information. The
generator polynomial for the code is of 47-th degree with 27 non-zero terms. ltis
given below in octal notation using the same conventions described for the RS
code.

g(x) = 6331 1413 6723 5453 in octal
The generator matrix for the full code, after adding the 64-th bit, is given below in

octal notation. This is a systematic code, so the left hand 16 columns form an
identity matrix and the right hand 48 columns form a parity check matrix.

16 x 16
row Identity 16 x 48 Parity Check
1 10 0000 6331 1413 6723 5452
2 04 0000 5265 5216 1472 3276
3 02 0000 4603 7114 6116 4164
4 01 0000 2301 7446 3047 2072
5 00 4000 7271 6230 7300 0466
6 00 2000 5605 6507 5263 5660
7 00 1000 2702 7243 6531 6730
8 00 0400 1341 3521 7254 7354
9 00 0200 0560 5650 7526 3566
10 00 0100 6141 3337 5170 4220
11 00 0040 3060 5557 6474 2110
12 00 0020 1430 2667 7236 1044
13 00 0010 0614 1333 7517 0422
14 00 0004 6037 1146 1164 1642
15 00 0002 5326 5070 6351 5373
16 00 0001 4662 3027 5647 3127
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9 Modulation
9.1 General Description

The modulation is a form of differential Quadrature Phase Shift Keying (QPSK)
where each successive symbol is shifted in phase from its predecessor by 45
degrees (11/4 radians). The receiver of this modulation is intended to be
compatible with any transmitter which accomplishes this phase shift of the
carrier, of which at least two types are available. A transmitter which modulates
the phase but keeps the amplitude of the carrier constant will generate a
constant envelope frequency modulated waveform which will be denoted C4FM.
A transmitter which modulates the phase and simultaneously modulates the
carrier amplitude to minimize the width of the emitted spectrum will generate an
amplitude modulated waveform which will be denoted CQPSK.

Other forms of differential Quadrature Phase Shift Keying modulation (for
example /4 DQPSK) will be studied for possible inclusion in this document.

9.2 Symbols

The modulation sends 4800 symbols/sec with each symbol conveying 2 bits of
information. The mapping between symbols and bits is given in Table 9-1.

Table 9-1 Dibit Symbol Mapping to Modulation Phase or Deviation

Information CQPSK C4FM
Bits Symbol Phase Change Deviation
01 +3 +135 degrees +1.80 kHz
00 +1 +45 degrees +0.60 kHz
10 -1 -45 degrees -0.60 kHz
11 -3 -135 degrees -1.80 kHz

9.3 Nyquist Raised Cosine Filter

The modulation symbols are filtered with a Raised Cosine Filter which satisfies
the Nyquist criterion minimizing intersymbol interference. The input to this filter
consists of a series of impulses, scaled according to paragraph 9.2, and
separated in time by 208.33 microseconds (1/4800 sec). The group delay of the
filter is flat over the passband for |f| < 2880 Hz. The magnitude response of the
filter is given approximately by the following formula.

frequency in hertz

f =
H(f) | = magnitude response of the Nyquist Raised Cosine Filter
‘H(f)‘ =1 for |f| < 1920 Hz

|H(E)| = 0.5 + 0.5 cos(2 m £ / 1920) for 1920 Hz < |f| < 2880 Hz
|[H(£)| =0 for |f| > 2880 Hz

9.4 C4FM Modulator

The C4FM modulator consists of a Nyquist Raised Cosine Filter, cascaded with a
Shaping Filter, cascaded with a frequency modulator. The Nyquist Raised
Cosine Filter is described in paragraph 9.3. The Shaping Filter has a flat group
delay over the passband for |f| < 2880 Hz. The magnitude response of the
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Shaping Filter is given approximately by the following formula. The response of
the filter above 2880 Hz is not specified because the filter H(f) should cut off
above 2880 Hz.

|P(£)| = magnitude response of the Shaping Filter

|P(E£)| = (7w £/4800) / sin(m £/4800) for |f| < 2880 Hz
Dibits H(f) P(f) Frequency | C4FM
Input Filter Filter Modulator | Output

Figure 9-1 C4FM Modulator
9.4.1 C4FM Deviation

The C4FM modulator must have the deviation set to provide the proper carrier
phase shift for each modulated symbol. The deviation is set with a test signal

consisting of the following symbol stream.
. 01 01 11 11 01 01 11 11 ...

This test signal is processed by the modulator to create a C4FM signal
equivalent to a 1.2 kHz sine wave modulating an FM signal with a peak deviation
equal to: 11/2 x 1800 Hz = 2827 Hz. The method of measurement for this test
signal and the tolerance on the deviation are specified in references [4] and [5],
respectively.

9.5 CQPSK Modulator

The CQPSK modulator consists of In Phase and Quadrature Phase (I and Q)
amplitude modulators which modulate two carriers with the Q phase delayed
from the | phase by 90 degrees. The | and Q modulators are driven by the
filtered output of a 5-level signal which is derived from the Information Bits by the
lookup table given in Table 9-2. The lookup table uses a state variable which
represents the current phase of the carrier, ranging from 0 to represent 0
degrees to 7 to represent 315 degrees.

I H(f) Carrier AM

Filter Modulator

cos(ot)T
Dibits Table + | CQPSK
Input | Lookup + | Output

sin(ot) |

Q| H() Carrier AM

Filter Modulator

Figure 9-2 CQPSK Modulator
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Table 9-2 CQPSK | and Q Lookup Table

Current Next

Phase Information Phase

State Bits State I Level Q Level
0 00 1 0.7071 0.7071
0 01 3 -0.7071 0.7071
0 11 5 -0.7071 -0.7071
0 10 7 0.7071 -0.7071
1 00 2 0.0 1.0
1 01 4 -1.0 0.0
1 11 6 0.0 -1.0
1 10 0 1.0 0.0
2 00 3 -0.7071 0.7071
2 01 5 -0.7071 -0.7071
2 11 7 0.7071 -0.7071
2 10 1 0.7071 0.7071
3 00 4 -1.0 0.0
3 01 6 0.0 -1.0
3 11 0 1.0 0.0
3 10 2 0.0 1.0
4 00 5 -0.7071 -0.7071
4 01 7 0.7071 -0.7071
4 11 1 0.7071 0.7071
4 10 3 -0.7071 0.7071
5 00 6 0.0 -1.0
5 01 0 1.0 0.0
5 11 2 0.0 1.0
5 10 4 -1.0 0.0
6 00 7 0.7071 -0.7071
6 01 1 0.7071 0.7071
6 11 3 -0.7071 0.7071
6 10 5 -0.7071 -0.7071
7 00 0 1.0 0.0
7 01 2 0.0 1.0
7 11 4 -1.0 0.0
7 10 6 0.0 -1.0

The Information Bits are processed by the lookup table to yield a 5-level | signal
and a 5-level Q signal. The | and Q signals are filtered with the Nyquist Raised
Cosine Filter described in paragraph 9.3. The | signal is then multiplied by the
carrier and the Q signal is multiplied by the carrier after it has been delayed by 90
degrees. The modulated | and Q carriers are then summed together to yield the
modulator output.

9.6 QPSK Demodulator

The QPSK demodulator is capable of receiving a signal from either the C4FM
modulator or the CQPSK modulator. It consists of a frequency modulation
detector, followed by an Integrate and Dump Filter and then a stochastic gradient
clock recovery device. The frequency modulation detector can be a standard
discriminator output provided by an FM receiver. The deviation sensitivity of the
discriminator must be fixed within 10%.

The Integrate and Dump Filter has a flat group delay over the passband for |f| <
2880 Hz. The magnitude response of the Integrate and Dump Filter is given
approximately by the following formula. Only the response for |f| < 2880 Hz is
specified in this document.
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£
|D(£) |
D(f) |

frequency in hertz
magnitude response of the Integrate and Dump Filter

sin(m £/4800) / (m £/4800)

The stochastic gradient clock recovery device provides clock recovery for the
waveform at the output of the Integrate and Dump Filter. Several techniques are
available for this process. The details of the clock recovery are not specified by

this document.

Receive

Filter | Demodulator

Stochastic
IF Frequency D(f) Gradient
Filter Symbol
Recovery

Output

Figure 9-3 QPSK Demodulator
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10 Annex for Transmit Bit Order

This normative annex lists all of the bits that are transmitted for voice messages
in consecutive order as they shall be transmitted according to this document.

10.1 Conventions

There are a large number of bits that are transmitted for voice. Some simple
conventions have been adopted in naming and numbering them so that the bits
can be understood in the context of the Common Air Interface.

First of all, the transmitted message consists of a series of data units, namely a
Header Data Unit, followed by a
Logical Link Data Unit 1 (LDU 1), followed by a
Logical Link Data Unit 2 (LDU 2), followed by
additional LDU 1 and LDU 2 units until the end of the message, then a
Terminator Data Unit is sent.
There are two kinds of terminator data units, and either one can be sent. One
contains a Link Control (LC) word, and one does not. The Terminator can follow
either LDU 1 or LDU 2. A description and picture of the data units are given in
the Common Air Interface.

The transmitter modulation consists of a sequence of dibit symbols that are
serially transmitted. Each dibit consists of 2 bits of information as discussed in
the Common Air Interface. The tables for the data units consist of a sequence of
dibit symbols, starting with symbol 0 and numbered in the order of transmission.
The first symbol transmitted shall be symbol 0.

The transmitted signal consists of a sequence of fields of information. Each field
is in turn decomposed into bits. For example, the Network Access Code, or NAC,
consists of 12 bits which are numbered 11, 10, 9, ... 1, 0. The least significant bit
is always numbered 0O in a field. Generally, the least significant bit is always
transmitted last. The least significant bit is always portrayed as the right-most bit
in the Common Air Interface description. The number of the bit is always
enclosed in parenthesis, for example NAC (11) refers to the most significant bit of
the Network Access Code.

After most of the information fields there is a parity check field for the error
correcting code. The name of the code is always used to denote the parity check
field. For example, a BCH code is used to protect the Network Identifier, so the
parity check field is named BCH parity (x) where x varies from 47 down to 0.
Bit 0 is always the least significant bit of the parity check field, and is always
portrayed as the right-most bit in the Common Air Interface.

The following information field names are used in the tables.
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NAME MEANING

NAC Network Access Code, part of the Network Identifier
DUID Data Unit Identifier, part of the Network Identifier

LC format Link Control Format, part of the Link Control word
MFID Manufacturer's Identifier, part of the Link Control word
LC_information remaining information in the Link Control word
LSD_info Low Speed Data information, in octets

TGID Talk Group ID, part of the Header word

MI Message Indicator for encryption synchronization
ALGID Algorithm ID for encryption algorithm

KID Key ID for the encryption key

SS Status Symbol, also known as busy bits

c x code word 'x' for an IMBE voice frame

BCH parity (64,16,23) BCH parity checks for the Network ID

RS parity Reed-Solomon parity check hex bit

Short Hamm parity  (10,6,3) Shortened Hamming parity check
Short Golay parity (18,6,8) Shortened Golay parity check
Extend Golay parity (24,12,8) Extended Golay parity check

cyclic_parit§

(16,8,5) shortened cyclic code parity check

In some cases an extension digit is used to follow the field name. This occurs for
the IMBE code words, asinc_0, ¢ 1, ...c_7, as well as the Reed-Solomon
parity checks as in RS_parity 11. Inthe case of the IMBE code words, the
extension digit is defined in the Common Air Interface. In the case of the Reed-
Solomon parity checks, the extension digit represents the index of the parity
check hex bit. As in the case of the binary codes, the hex bit O represents the
right-most or least significant hex bit in the Reed-Solomon code. It also
represents the 0-th degree polynomial coefficient when the Reed-Solomon code
word is represented as a polynomial.
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10.2 Header Data Unit

The next few pages give the order in which symbols shall be transmitted for the
Header Data Unit. The Header Data Unit is transmitted at the beginning of a
voice message.

Symbol Field Bit 1 Bit 0

0 Frame 0 1

1 Sync 0 1

2 0 1

3 0 1

4 0 1

5 1 1

6 0 1

7 0 1

8 1 1

9 1 1

10 0 1

11 0 1

12 1 1

13 1 1

14 1 1

15 1 1

16 0 1

17 1 1

18 0 1

19 1 1

20 1 1

21 1 1

22 1 1

23 1 1

24 Network NAC(11) NAC(10)

25 1D NAC (9) NAC (8)

26 NAC(7) NAC (6)

27 NAC (5) NAC (4)

28 NAC(3) NAC (2)

29 NAC (1) NAC (0)

30 DUID(3) DUID(2)

31 DUID(1) DUID(0)

32 BCH _parity(47) BCH parity(46)
33 BCH _parity (45) BCH_parity(44)
34 BCH parity(43) BCH parity(42)
35 Status 1 SS (1) SS(0)

36 BCH parity(41) BCH parity(40)
37 BCH _parity(39) BCH_parity(38)
38 BCH parity(37) BCH parity(36)
39 BCH_parity(35) BCH_parity(34)
40 BCH parity(33) BCH parity(32)
41 BCH _parity(31) BCH_parity(30)
42 BCH parity(29) BCH parity(28)
43 BCH _parity(27) BCH_parity(26)
44 BCH parity(25) BCH parity(24)
45 BCH _parity(23) BCH_parity(22)
46 BCH parity(21) BCH parity(20)
47 BCH _parity(19) BCH_parity(18)
48 BCH parity(17) BCH parity(16)
49 BCH _parity(15) BCH_parity(14)
50 BCH parity(13) BCH parity(12)
51 BCH parity(11) BCH_parity(10)
52 BCH parity(9) BCH parity(8)
53 BCH_parity(7) BCH_parity(6)
54 BCH parity(5) BCH parity(4)
55 BCH_parity(3) BCH_parity(2)
56 BCH parity (1) BCH parity(0)
57 Header MI (71) MI (70)

58 Code MI (69) MI (68)

59 Word MI (67) MI (66)

60 Short Golay parity(11) Short Golay parity(10)
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110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Status 2

Status 3

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

MI (65)

MI (63)

MI (61)

Short_Golay parity(11)

Short Golay parity(9)

SS (1)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

MI (59)

MI (57)

MI (55)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

MI (53)

MI (51)

MI (49)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)

Short Golay parity (3

Short_Golay parity (1

MI (47)

MI (45)

MI (43)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1

MI (41)

MI (39)

MI (37)

Short Golay parity(11)

SS (1)

Short Golay parity(9)

Short_Golay parity(7)

Short Golay parity(5)
)
)

)
)
)
)

Short_Golay parity (3
Short Golay parity (1l

MI (35)

MI (33)

MI (31)

Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
Short Golay parity(3)
Short_Golay parity (1)
MI (29)

MI (27)

MI (25)

Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity (7
Short Golay parity (5
Short_Golay parity (3
Short Golay parity (1l
MI (23)

MI (21)

)
)
)
)
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Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short_Golay parity (0)
I(64)
I(62)
I(60)
Short_Golay_parity(lO)
Short_Golay_parity(S)
S(0)
Short _Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
I(58)
I(56)
I(54)
Short _Golay _parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short_Golay parity (0)
I(52)
I(50)
I(48)
Short _Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
I(46)
I(44)
I(42)
Short _Golay_parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short_Golay parity (0)
I(40)
I(38)
I(36)
Short_Golay_parity(lO)
S(0)
Short _Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short_Golay parity (0)
I(34)
I(32)
I(30)
Short _Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
I(28)
I(26)
I(24)
Short _Golay _parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short _Golay parity(0)
I(22)
MI(20)



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

Status 4

Status 5

MI (19)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

MI (17)

MI (15)

MI (13)

SS (1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

MI (11)

MI (9)

MI (7)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

MI (5)

MI (3)

MI (1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)

Short Golay parity (3

Short_Golay parity (1l

MFID(7)

MFID(5)

MFID(3)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1

MFID(1)

ALGID(7)

SS (1)

ALGID (5)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

ALGID (3)

ALGID (1)

KID(15)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)
)
)
)
)

Short Golay parity (3

Short_Golay parity (1l
KID(13)

KID(11)

KID(9)

Short_Golay parity(11)
Short Golay parity(9)

Short_Golay parity (7
Short Golay parity (5

Short_Golay parity (3

)
)
)
Short Golay parity (1)
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I(18)
Short _Golay
Short_ Golay
Short Golay
Short_ Golay
Short Golay
Short_Golay

I(1e)

I(14)

I(12)

S(0)

Short _Golay
Short_ Golay
Short Golay
Short_ Golay
Short Golay
Short_ Golay :
MI (10)

I(8)
MI (6)
Short_ Golay :
Short Golay
Short_ Golay
Short Golay
Short_ Golay

Short Golay

I(4)
MI(2)
I(0)
Short _Golay
Short_ Golay
Short Golay
Short_ Golay
Short Golay
Short_ Golay :
MFID(6)
MFID(4)
MFID(2)
Short_ Golay :
Short Golay
Short_ Golay
Short Golay
Short_ Golay

Short Golay

MFID(0)
ALGID (6)
s (0)

ALGID (4)
Short_ Golay :
Short Golay
Short_ Golay
Short Golay
Short_ Golay
Short Golay
ALGID(2)
ALGID(0)
KID(14)
Short Golay
Short_ Golay
Short Golay
Short_ Golay
Short Golay
Short_ Golay :
KID(12)
KID(10)
KID(8)
Short_ Golay
Short Golay
Short_ Golay
Short Golay
Short_ Golay

Short Golay
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parity
parity
parity
parity
parity
parity

parity
parity
parity
parity
parity
parity

parity (10
parity(8)
parity (6)
parity (4)
parity(2)
parity (0)

parity
parity
parity
parity
parity
parity

parity (10
parity(8)
parity (6)
parity(4)
parity(2)
parity (0)

parity (10
parity(8)
parity (6)
parity(4)
parity(2)
parity (0)

parity
parity
parity
parity
parity
parity

parity (10
parity(8)
parity (6)
parity(4)
parity(2)
parity (0)
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205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

Status 6

Status 7

KID(7)

KID(5)

KID(3)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

KID(1)

SS (1)

TGID(15)

TGID(13)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)

Short Golay parity(3)

Short_Golay parity (1)

TGID(11)

TGID(9)

TGID(7)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

TGID(5)

TGID(3)

TGID(1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)

Short Golay parity (3
Short Golay_parlty(l
RS parity 15(5)
RS parity 15(3)
RS parity 15(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity (7
Short Golay parity (5
Short_Golay parity (3
Short Golay parity (1
SS (1)
RS parity 14(5)
RS parity 14(3)
RS parity 14(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity (7
Short Golay parity (5
Short_Golay parity (3
Short Golay parity (1l
RS _parity 13(5)
RS parity 13(3)
RS parity 13(1)
Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
)
)

)
)
)
)
)
)
)
)

Short Golay parity (3
Short Golay_parlty(l
RS parity 12(5)

RS parity 12(3)

RS parity 12(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity(7)
Short Golay parity(5)
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KID(6)
KID(4)
KID(2)

Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
KID(0)

s (0)
TGID(14)
TGID(12)

Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
TGID(10)
TGID(8)
TGID(6)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short Golay parity(0)
TGID (4)
TGID(2)
TGID(0)

Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 15(4)
RS parity 15(2)
RS parity 15(0)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short Golay parity(0)

s (0)
RS parity 14 (4)
RS parity 14(2)
RS parity 14 (0)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short Golay parity(0)
RS parity 13(4)
RS parity 13(2)
RS parity 13(0)
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 12(4)
RS parity 12(2)
RS parity 12(0)
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity

)

10
8)
6)
4)
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278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

Status 8

Status 9

Short_Golay parity(3)
Short Golay parity (1)
RS parity 11(5)

RS parity 11(3)

RS parity 11(1)

Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
Short Golay parity(3)
SS (1)

Short Golay parity (1)
RS parity 10(5)

RS parity 10(3)

RS parity 10(1)

Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
Short Golay parity(3)
Short Golay_parlty(l)
RS parity 9(5)

RS parity 9(3)

RS parity 9(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity(7)
Short Golay parity(5)
Short_Golay parity(3)
Short Golay parity (1)
RS parity 8(5)

RS parity 8(3)

RS parity 8(1)

Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
Short Golay parity(3)
Short_Golay parity (1)
RS parity 7(5)

RS parity 7(3)

RS parity 7(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity(7)
Short Golay parity(5)

Short Golay parity(3)
Short Golay_parlty(l)
RS parity 6(5)

RS parity 6(3)

RS parity 6(1)
Short_Golay parity(11)
Short Golay parity(9)
Short_Golay parity(7)
Short Golay parity(5)
Short_Golay parity(3)
Short Golay parity (1)
RS_parity 5(5)

RS parity 5(3)

RS parity 5(1)

Short Golay parity(11)
Short_Golay parity(9)
Short Golay parity(7)
Short_Golay parity(5)
Short Golay parity(3)
Short_Golay parity (1)
RS parity 4(5)

RS parity 4(3)

RS parity 4(1)
Short_Golay parity(11)
Short Golay parity(9)
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Short_ Golay parity(2)
Short Golay parity(0)
RS parity 11(4)
RS parity 11(2)
RS parity 11(0)
Short Golay parity(10)
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
S(0)
Short Golay parity(0)
RS parity 10(4)
RS parity 10(2)
RS parity 10(0)
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 9(4)
RS_parity 9(2)
RS parity 9(0)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
Short Golay parity(4)
Short Golay parity(2)
Short Golay parity(0)
RS_parity 8(4)
RS parity 8(2)
RS _parity 8(0)
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 7(4)
RS _parity 7(2)
RS parity 7(0)
Short_Golay parity
Short Golay parity
Short_Golay parity
Short_Golay_parlty
S(1) SS(0)
Short _Golay parity(2)
Short_ Golay parity(0)
RS parity 6(4)
RS_parity 6(2)
RS parity 6(0)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
(4)
(2)
(0)

)

10
8)
6)
4)

Short Golay parity
Short_Golay parity
Short Golay parity
RS_parity 5(4)
RS parity 5(2)
RS_parity 5(0)
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 4(4)
RS_parity 4(2)
RS parity 4(0)
Short_Golay parity(10)
Short Golay parity(8)
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349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395

Status 10

Nulls

Status 11

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

RS parity 3(5)

RS parity 3(3)

RS parity 3(1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

SS (1)

Short Golay parity(5)

Short_Golay parity(3)

Short Golay parity (1)

RS parity 2(5)

RS parity 2(3)

RS parity 2(1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)

Short Golay parity (3

Short Golay_parlty(l

RS parity 1(5)

RS parity 1(3)

RS parity 1(1)

Short_Golay parity(11)

Short Golay parity(9)

Short_Golay parity (7

Short Golay parity (5

Short_Golay parity (3

Short Golay parity (1l

RS _parity 0(5)

RS parity 0(3)

RS parity 0(1)

Short Golay parity(11)

Short_Golay parity(9)

Short Golay parity(7)

Short_Golay parity(5)
)
)

)
)
)
)

Short Golay parity (3
Short_Golay parity (1l
0

0
0
0
0
S

S (1)
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Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
RS_parity 3(4)
RS parity 3(2)
RS _parity 3(0)
Short Golay parity(1l
Short Golay parity(8)
Short_Golay_parlty( )
S(0)
Short _Golay parity(4)
Short Golay parity(2)
Short Golay parity(0)
RS _parity 2(4)
RS parity 2(2)
RS _parity 2(0)
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
RS parity 1(4)
RS _parity 1(2)
RS parity 1(0)
Short_Golay parity (10
Short Golay parity(8)
Short Golay parity(6)
(4)
(2)
(0)

6)
4)
2)
0)

Short Golay parity
Short_Golay parity
Short Golay parity
RS_parity 0(4)

RS parity 0(2)

RS_parity 0(0)

Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity
Short Golay parity
Short_Golay parity

0)
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10.3 Logical Link Data Unit 1

The next several pages give the order in which symbols shall be transmitted for
the first Logical Link Data Unit for voice. This data unit spans a time interval of

180 ms. It sends 9 frames of IMBE information.

Symbol Field Bit 1 Bit 0

0 Frame 0 1

1 Sync 0 1

2 0 1

3 0 1

4 0 1

5 1 1

6 0 1

7 0 1

8 1 1

9 1 1

10 0 1

11 0 1

12 1 1

13 1 1

14 1 1

15 1 1

16 0 1

17 1 1

18 0 1

19 1 1

20 1 1

21 1 1

22 1 1

23 1 1

24 Network NAC(11) NAC(10)

25 1D NAC (9) NAC (8)

26 NAC(7) NAC (6)

27 NAC (5) NAC (4)

28 NAC(3) NAC (2)

29 NAC (1) NAC (0)

30 DUID(3) DUID(2)

31 DUID(1) DUID(0)

32 BCH _parity(47) BCH parity(46)
33 BCH _parity(45) BCH_parity(44)
34 BCH parity(43) BCH parity(42)
35 Status 1 SS (1) SS(0)

36 BCH parity(41) BCH parity(40)
37 BCH _parity(39) BCH_parity(38)
38 BCH parity(37) BCH parity(36)
39 BCH _parity(35) BCH_parity(34)
40 BCH parity(33) BCH parity(32)
41 BCH parity(31) BCH_parity(30)
42 BCH parity(29) BCH parity(28)
43 BCH _parity(27) BCH_parity(26)
44 BCH parity(25) BCH parity(24)
45 BCH _parity(23) BCH_parity(22)
46 BCH parity(21) BCH parity(20)
47 BCH _parity(19) BCH_parity(18)
48 BCH parity(17) BCH parity(16)
49 BCH _parity(15) BCH_parity(14)
50 BCH parity(13) BCH parity(12)
51 BCH parity(11) BCH_parity(10)
52 BCH parity(9) BCH parity(8)
53 BCH_parity(7) BCH_parity(6)
54 BCH parity(5) BCH parity(4)
55 BCH_parity(3) BCH_parity(2)
56 BCH parity (1) BCH parity(0)
57 IMBE 1 c_0(22) c_1(21)

58 c_2(20) c_3(19)

59 c _4(10) c_5(1)

60 c _1(20) c_0(21)
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232
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256
257
258
259
260
261
262
263
264
265
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267
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269
270
271
272
273
274
275
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Status 6

IMBE 3

Status 7

LC_format (
LC format (

7)
5)
LC format (3)

Short Hamm parity(3)
1)

Short_Hamm_parity(
LC format (1)
MFID(7)

MFID (5)

Short_ Hamm parity (3
Short Hamm parity (1

SS(1)

MFID(3)

MFID (1)

LC information(55)

Short Hamm parity (3
Short Hamm parity (1

LC_information(53)
LC information(51)
LC_information (49)

Short Hamm parity(3)
1)

Short_Hamm_ parity(
c_0(22)
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LC format (6)

LC format (4)

LC format (2)
Short Hamm parity(2)
Short Hamm parity(0)

LC format (0)

MFID (6)

MFID (4)
Short Hamm parity(2)
Short Hamm parity(0)
S (0)

MFID (2)

MFID(0)

LC information (54)
Short Hamm parity(2)
Short Hamm parity(0)

LC_information (52)

LC information(50)

LC_information (48)
Short Hamm parity(2)
Short Hamm parity(0)
c_1(21)

c_3(19)

c_5(1)

c_0(21)

c_2(19)

c_4(9)

1(19)

(17)

(14)

(19)

(17)

(7)

(17)

(15)

(12)

(17)

(15)

(5)

(15)

(13)

(10)

(15)

(13)

(3)

(13)

0|
o

(11)
(8)
(13)
(11)
(1)
(11)
(9)
(6)
(11)
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10.4 Logical Link Data Unit 2

The next several pages give the order in which symbols shall be transmitted for
the second Logical Link Data Unit for voice. This data unit spans a time interval
of 180 ms. It sends 9 frames of IMBE information.

Symbol Field Bit 1 Bit 0

864 Frame 0 1

865 Sync 0 1

866 0 1

867 0 1

868 0 1

869 1 1

870 0 1

871 0 1

872 1 1

873 1 1

874 0 1

875 0 1

876 1 1

877 1 1

878 1 1

879 1 1

880 0 1

881 1 1

882 0 1

883 1 1

884 1 1

885 1 1

886 1 1

887 1 1

888 Network NAC(11) NAC(10)

889 ID NAC (9) NAC (8)

890 NAC(7) NAC (6)

891 NAC (5) NAC (4)

892 NAC(3) NAC (2)

893 NAC (1) NAC (0)

894 DUID(3) DUID(2)

895 DUID(1) DUID(0)

896 BCH parity(47) BCH parity(46)
897 BCH _parity (45) BCH_parity(44)
898 BCH parity(43) BCH parity(42)
899 Status 25 SS(1) SS(0)

900 BCH parity(41) BCH parity(40)
901 BCH _parity(39) BCH_parity(38)
902 BCH parity(37) BCH parity(36)
903 BCH_parity(35) BCH_parity(34)
904 BCH parity(33) BCH parity(32)
905 BCH _parity(31) BCH_parity(30)
906 BCH parity(29) BCH parity(28)
907 BCH _parity(27) BCH_parity(26)
908 BCH parity(25) BCH parity(24)
909 BCH _parity(23) BCH_parity(22)
910 BCH parity(21) BCH parity(20)
911 BCH _parity(19) BCH_parity(18)
912 BCH parity(17) BCH parity(16)
913 BCH _parity(15) BCH_parity(14)
914 BCH parity(13) BCH parity(12)
915 BCH parity(11) BCH_parity(10)
916 BCH parity(9) BCH parity(8)
917 BCH_parity(7) BCH_parity(6)
918 BCH parity(5) BCH parity(4)
919 BCH_parity(3) BCH_parity(2)
920 BCH parity (1) BCH parity(0)
921 IMBE 10 c_0(22) c_1(21)

922 c_2(20) c_3(19)

923 c_4(10) c_5(1)

924 c _1(20) c_0(21)
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1069 MI (71) MI (70)

1070 MI (69) MI (68)

1071 MI (67) MI (66)

1072 Short Hamm parity(3) Short Hamm parity(2)
1073 Short Hamm parity (1) Short_Hamm_parlty(O)
1074 MI (65) I(64)

1075 MI (63) I(62)

1076 MI (61) I(60)

1077 Short Hamm parity(3) Short_Hamm_parity(2)
1078 Short Hamm parity (1) Short Hamm parity(0)
1079 Status 30 SS(1) SS (0)

1080 MI (59) MI (58)

1081 MI (57) MI (56)

1082 MI (55) MI (54)

1083 Short Hamm parity(3) Short Hamm parity(2)
1084 Short Hamm parity (1) Short_Hamm_parlty( )
1085 MI (53) I(52)

1086 MI (51) I(50)

1087 MI (49) I(48)

1088 Short Hamm parity(3) Short_Hamm_parity(2)
1089 Short_Hamm parity (1) Short_Hamm_parity(0)
1090 IMBE 12 c_0(22) c_1(21)

1091 c_2(20) c_3(19)

1092 c _4(10) c 5(1)

1093 c_1(20) c_0(21)

1094 c_3(18) c_2(19)

1095 c_5(0) c_4(9)

1096 c_0(20) c_1(19)

1097 c_2(18) c_3(17)

1098 c_4(8) c_6(14)

1099 c_1(18) c_0(19)

1100 c_3(16) c_2(17)

1101 c_6(13) c_4(7)

1102 c_0(18) c_1(17)

1103 c_2(1se) c_3(15)

1104 c_4(6) c_6(12)

1105 c_1(16) c_0(17)

1106 c_3(14) c_2(15)

1107 c_6(11) c_4(5)

1108 c_0(16) c_1(15)

1109 c_2(14) c_3(13)

1110 c_4(4) c_6(10)

1111 c_1(14) c_0(15)

1112 c_3(12) c_2(13)

1113 c_6(9) c_4(3)

1114 c_0(14) c_1(13)

1115 Status 31 SS(1) SS(0)

1116 c_2(12) c_3(11)

1117 c 4(2) c_6(8)

1118 c_1(12) c_0(13)

1119 c_3(10) c_2(11)

1120 c_6(7) c_4(1)

1121 c_0(12) c_1(11)

1122 c _2(10) c_3(9)

1123 c _4(0) c_6(6)

1124 c_1(10) c_0(11)

1125 c_3(8) c_2(9)

1126 c _6(5) c _5(14)

1127 c_0(10) c_1(9)

1128 c_2(8) c 3(7)

1129 c 5(13) c_6(4)

1130 c _1(8) c _0(9)

1131 c_3(6) c 2(7)

1132 c _6(3) c 5(12)

1133 c_0(8) c 1(7)

1134 c_2(6) c_3(5)

1135 c_5(11) c_6(2)

1136 c 1(e) c _0(7)

1137 c _3(4) c 2(5)

1138 c 6(1) c _5(10)

1139 c_0(6) c_1(5)

1140 c_2(4) c_3(3)
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1141
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Short Hamm parity(0)
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10.5 Simple Terminator Data Unit

The next few pages give the order in which symbols shall be transmitted for the
simple Terminator Data Unit. The simple Terminator Data Unit is transmitted at

the end of a voice message.

Symbol Field Bit 1 Bit 0

0 Frame 0 1

1 Sync 0 1

2 0 1

3 0 1

4 0 1

5 1 1

6 0 1

7 0 1

8 1 1

9 1 1

10 0 1

11 0 1

12 1 1

13 1 1

14 1 1

15 1 1

16 0 1

17 1 1

18 0 1

19 1 1

20 1 1

21 1 1

22 1 1

23 1 1

24 Network NAC(11) NAC(10)

25 1D NAC (9) NAC (8)

26 NAC(7) NAC (6)

27 NAC (5) NAC (4)

28 NAC(3) NAC (2)

29 NAC (1) NAC (0)

30 DUID(3) DUID(2)

31 DUID(1) DUID(0)

32 BCH _parity(47) BCH parity(46)
33 BCH _parity(45) BCH_parity(44)
34 BCH parity(43) BCH parity(42)
35 Status 1 SS (1) SS(0)

36 BCH parity(41) BCH parity(40)
37 BCH _parity(39) BCH_parity(38)
38 BCH parity(37) BCH parity(36)
39 BCH _parity(35) BCH_parity(34)
40 BCH parity(33) BCH parity(32)
41 BCH parity(31) BCH_parity(30)
42 BCH parity(29) BCH parity(28)
43 BCH _parity(27) BCH_parity(26)
44 BCH parity(25) BCH parity(24)
45 BCH _parity(23) BCH_parity(22)
46 BCH parity(21) BCH parity(20)
47 BCH _parity(19) BCH_parity(18)
48 BCH parity(17) BCH parity(16)
49 BCH _parity(15) BCH_parity(14)
50 BCH parity(13) BCH parity(12)
51 BCH parity(11) BCH_parity(10)
52 BCH parity(9) BCH parity(8)
53 BCH_parity(7) BCH_parity(6)
54 BCH parity(5) BCH parity(4)
55 BCH_parity(3) BCH_parity(2)
56 BCH parity (1) BCH parity(0)
57 Nulls 0 0

58 0 0

59 0 0

60 0 0

79



TIA-102.BAAA-A

71 Status 2

80

NOOODODOOOO OO



TIA-102.BAAA-A

10.6 Terminator Data Unit with Link Control

The next few pages give the order in which symbols shall be transmitted for the
Terminator Data Unit with a Link Control word. The Terminator Data Unit is
transmitted at the end of a voice message or when a Link Control word is

intended to be sent without any voice information.

Symbol Field Bit 1 Bit 0

0 Frame 0 1

1 Sync 0 1

2 0 1

3 0 1

4 0 1

5 1 1

6 0 1

7 0 1

8 1 1

9 1 1

10 0 1

11 0 1

12 1 1

13 1 1

14 1 1

15 1 1

16 0 1

17 1 1

18 0 1

19 1 1

20 1 1

21 1 1

22 1 1

23 1 1

24 Network NAC(11) NAC(10)

25 1D NAC (9) NAC (8)

26 NAC(7) NAC (6)

27 NAC (5) NAC (4)

28 NAC(3) NAC (2)

29 NAC (1) NAC (0)

30 DUID(3) DUID(2)

31 DUID(1) DUID(0)

32 BCH _parity(47) BCH parity(46)
33 BCH parity(45) BCH parity(44)
34 BCH parity(43) BCH parity(42)
35 Status 1 SS (1) SS(0)

36 BCH parity(41) BCH parity(40)
37 BCH parity(39) BCH parity(38)
38 BCH _parity(37) BCH parity(36)
39 BCH parity(35) BCH parity(34)
40 BCH parity(33) BCH parity(32)
41 BCH parity(31) BCH parity(30)
42 BCH _parity(29) BCH parity(28)
43 BCH parity(27) BCH parity(26)
44 BCH _parity(25) BCH parity(24)
45 BCH parity(23) BCH parity(22)
46 BCH parity(21) BCH parity(20)
47 BCH parity(19) BCH parity(18)
48 BCH parity(17) BCH parity(16)
49 BCH parity(15) BCH parity(14)
50 BCH parity(13) BCH parity(12)
51 BCH parity(11) BCH parity(10)
52 BCH _parity(9) BCH parity(8)
53 BCH parity(7) BCH parity(6)
54 BCH _parity(5) BCH parity(4)
55 BCH parity(3) BCH parity(2)
56 BCH parity (1) BCH parity(0)
57 LC LC format (7) LC_format (6)
58 Code LC format (5) LC format (4)
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LC format (3)

LC format (1)
MFID(7)
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LC information (49)
Extend | Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
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Extend | Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
LC information(35)
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LC information(31)
LC_information(29)
LC information(27)
LC information (25)
Extend | Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
LC information(23)
SS (1)

LC information(21)
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LC information(17)
LC_information(15)
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Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
LC information(11)
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LC_information(3)
LC information(1l)
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
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S(0)

LC information(54)

LC_information (52)

LC information(50)

LC information (48)

Extend Golay parity(10)
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Extend Golay parity(6)

Extend Golay parity(4)
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Extend Golay parity (2
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LC information(4)
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Extend Golay parity
Extend Golay parity
Extend Golay parity
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Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
Extend Golay parity
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RS parity 5
RS parity 5
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Extend Golay parity(11)
Extend Golay parity(9)
Extend Golay parity(7)
Extend Golay parity(5)
Extend Golay parity(3)
SS (1)
Extend Golay parity(1)
RS parity 3(5)

RS parity 3(3)
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RS parity 2(
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RS parity 2(
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Extend Golay parity
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RS _parity 11(4)
RS parity 11(2)
RS _parity 11(0)
RS parity 10 (4)
RS parity 10(2)
RS parity 10(0)
Extend Golay parity(10)
Extend Golay parity(8)
Extend Golay parity (6
Extend Golay parity (4
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Extend Golay parity(6)

Extend Golay parity(4)

Extend Golay parity(2)

Extend Golay parity(0)

RS parity 7(4)

RS parity 7(2

RS parity 7(0

RS_parity 6(4

RS parity 6(2

RS _parity 6(0)

Extend Golay parity(10)

Extend Golay parity(8)
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RS parity 2 (4
RS parity 2(2
RS parity 2(0)
Extend Golay parity(10)
Extend Golay parity(8)
Extend Golay parity (6
Extend Golay parity (4
Extend Golay parity (2
Extend Golay parity (0
RS_parity 1(4)
RS parity 1(2)
RS _parity 1(0)

)

)

)
)
)
)

RS parity 0(4
RS_parity 0(2

RS parity 0(0)

Extend Golay parity(10)
Extend Golay parity(8)
Extend Golay parity(6)
Extend Golay parity(4)
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203
204
205
206
207
208
209
210
211
212
213
214
215

Nulls

Status 6

Extend Golay parity(3)
Extend Golay parity(1)

0

0
0
0
0
0
0
0
0
0
S

S(1)

84

Extend Golay parity(2)
Extend Golay parity(0)

NOOODODOOOO OO











