D-STAR System

Technical Requirements for the Wireless System

1.1 Voice Communication
1.1.1 General Terms

(1) Communication Method
Half-duplex, digitized voice transmissions.

(2) Communication Contents
Digitized voice/audio signals and short data messages are supported. Voice and
audio streams are transmitted synchronously to support communications quality
reproduction. Data and voice/audio transmissions are interleaved.

1.1.2 Transmitting Equipment

(1) Modulation methods
GMSK
QPSK
4FSK

(2) Data rate
Maximum of 4.8 Kbps

(3) Voice encoding method
AMBE (2020) converting at 2.4 Kbps
FEC at 3.6 Kbps

(4) Occupied bandwidth
Maximum of 6 KHz

1.1.3 Tx/ Rx Switching time
Less than 100ms.

1.2 Data Communication

1.2.1 General Terms
(1) Communication Method
Simplex
(2) Communication Contents
Digital data stream is supported.



1.2.2 Transmitting Equipment

(1) Modulation method
GMSK
QPSK
4FSK
(2) Data rate
Maximum of 128 Kbps

(3) Occupied bandwidth
Maximum of 150 KHz

1.1.3 Switching time (Tx-Rx)
Less than 50ms.

1.3 Backbone communication

1.3.1 General Terms
(1) Transmission Method
Full duplex.
(2) Transmission Contents
Backbone communication between repeaters containing multiplexed digitized
voice/audio, user data, and link control data signals.

1.3.2 Transmitting Setup
(1) Output power
Complies with FCC regulations.
(2) Modulation method
GMSK
(3) Data rate
Maximum of 10Mbps
(5) Occupied bandwidth
Maximum of 10.5MHz

1.3.3 Multiplexing Method
The multiplexing method for backbone linka is an ATM. The details of the
specifications comply with the ATM protocol. Digitized voice/audio signals should be
given the highest transmission priority.
If more data is required, refer to ATM standards.
| ATM Cell (53byte)
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2. System Interconnection Requirements

2.1 Wireless Communication Packet
The frame structure of the wireless packet is below.

2.1.1 Frame structure of a data packet

Radio Header Data FCS
ID MAC Header
Bit [Frame| Flag| Flag) Flag Destina{ Depart-| Compa-| Own Oown E L Pata
Syn | Syn. 1 2 3 - 3 P_FCs|E_Len rame
Y Y tion ure nion |Callsign|Callsign SA | DA |Type CRC
RepeaterfRepeatel Callsign 1 2
Callsign|Callsign|

64biltsbi t1 1 1 8byt 8byt8bhyt 8bytebyt byzleyaleyd@ry 2d v¥t6k500dpPYy ¢ e
byte
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The explanation of the data frame structure the Radio Header follows.

(1) Bit Syn. (Bit synchronization): Repeated standard 64-bit synchronization pattern
(for GMSK 1010, for QPSK 1001). Transmission direction is from left to right.

(2) Frame Syn. (Frame synchronization) : 15bit pattern (111011001010000).
Transmission direction is from left to right.

(3) Flag 1 (8 bit): Flag 1 uses upper 5 bits and lower 3 bits separately.
A detailed explanation follows.

bit Distinguishes between voice and data communications.
7(MSB) 1 indicates data, O indicates voice.

Identifies if the signal goes through a repeater or is a

direct communication between terminals.(1for repeater, O
for terminal)
bit 5 Recognizes if communication interruption exists. 1
indicates interruption, O indicates no interruption.

Identifies control signal/data signal.1 represents control

signal and O represents regular data signal.(\Voice signal
included)
1 represents an urgent priority signal,0 represents a
normal priority signal.
For signals with a “1” in this position, the receiver will
open squelch etc.
Note, Urgent signal in this document does not mean
“Urgency signal” as defined in International Radio Law.
It means an urgent priority signal for use in emergency
communications.




111=repeater station control flag, while the repeater is
controlled, the flag is “111” and the data frame
contains control data.
110=Auto reply
101=Unused(spare)
100=Resend flag, requests resending previous frame
011=ACK flag, Treated as ACK flag

010=No reply flag, Indicates no reply is available
001=Relay unavailable flag, Indicates unsuitable
relaying conditions.
000=NULL, No information.

Upper bit
Bit 7 6 5 4 3
1 Data Relay Interruption | Control | Urgent
0 \Voice Direct | No interruption | Control | Urgent
Lower bit
2 1 0 Function Note
1 1 1 Repeater Repeater Control
Control Mode
1 1 0 Auto Reply Used for Auto Reply
1 0 1 (Unused) (UnusedO
1 0 0 Resend Requests Resend
0 1 1 ACK ACK flag
0 1 0 No Response | Indicates No Response
Available
0 0 1 Relay Indicates Relay
Unavailable Unavailable
0 0 0 NULL NULL

(4) Flag 2

Flag 2 is for future expandability and is defined below.

Bt |76 [s5[af[3]2]1]o0 Note
Flag |- e
Default
a. flag is used as an format descriptor. This is available not only for the

increase and decrease of a figure of callsign but also for ID, which is not used
as callsign rather than numeric.
b. flag is used only a creator or a manufacturer of the equipment.

(5) Flag 3

Flag 3 is used to match control functions to protocol versions, which may be
upgraded in future software versions.

Bit Meaning Function
00000000 |No Default
Function
00000001 Use for f
to Undefined s€ or_ uture
expansion
11111111




(6) "Destination repeater Callsign” can have a maximum of 8 ASCII letters and
numbers. Blanks should be filled with a space character. In the case of direct
communication, it inserts “ ” and fills the blanks with a space
character. The use of this field is described in section 2.2.

(7) "Departure repeater Callsign” can have a maximum of 8 ASCII letters and
numbers. Blanks should be filled with a space character. In the case of direct
communication, it inserts * ” and fills the blanks with a space
character. The use of this field is described in section 2.2.

(8) "Companion Callsign” can have a maximum of 8 ASCII letters and numbers.
Blanks should be filled with a space character. The use of this field is described
in section 2.2.

(9)"Own Callsign 1” can have a maximum of 8 ASCII letters and numbers. Blanks
should be filled with a space character. This field same as voice frames.

(10) "Own Callsign 2” is used when to add suffixes to a callsign or a additional
destination address information. “Own Callsign 2” can have a maximum of 4
ASCII letters and numbers. Blanks should be filled with a space character.

(12) P_FCS is the Radio Header CRC-CCITT checksum, computed by the following
expression.
G(X) = x18+ x12+ x5+ 1
(12) The data frame of the packet is constructed as an Ethernet packet.
(13) FCS is the checksum of the Ethernet data payload. It is a CRC-32 checksum as
defined in 1SO3309 and is computed by the following expression.

G (X) = X32+ X26+ X23+ X22+ X16+ X12+ Xll+ XlO+ X8+ X7+ X5+ X4+ X2+ X+ 1

2.1.2  Frame structure of voice packet

Radio Header Data
ID
Bit |Fram¢ K
Syn | Syn. [Flag|Flag|Flag Destinaq Depart- Oown Own|p_Fcs| Wice | Data | Voice | Data Voice | Data
12| 3] tion ure |COMPa-|calisign|Callsig Frame | Frame | Frame | Frame Frame | Frame
Repeate|Repeatef| Nion 1 2
Callsign|Callsign|Callsign

64bl1gbilt 1 1 8byt 8byt8bhyt 8bytaebylbyt@2bptdbdyit2eoydbyte72by24ebyte
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The explanation of the voice packet including the voice and data frames follows:

(1) The Radio Header has the same frame structure as for the data packet.
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2.2

(2) Data part includes 72-bit voice signal frames with a length of 20ms in order of
their output from the CODEC according to the AMBE (W/FEC) specification.
Data frames contain 24-bits of data.

(3) The first data frame and then every 21st data frame in a repeating cycle, are used
only for synchronizing data for each modulation type. Synchronization corrects
for the lag between transmission and reception, including the transit time of
communications. This synchronized signal contains a 10-bit synchronized signals
and two 7-bit Maximal-length sequences “1101000” patterns. (24 bits total).
Transmission direction is from left to right.

(4) The data in a data frame is transmitted without modification from the input data.
If the data is required as error correction or synchronization, these frames are
processed before processing the data input.

(5) If the data signal length is greater than the length of the voice communication
the transmitting switch is turned on until the completion of the data signal
manually. The processing can be allowed automatically.

(6) The last data frame, which requires a means of terminating the transmition, is a
unique synchronizing signal (32 bit + 15bit “000100110101111” + “0”, making 48
bits) as defined by the modulation type. Transmission direction is from left to
right.

Communication protocol

Note : In the following descriptions,_ (under-bar) indicates a space character,
ASCII $20. If the callsignn field has blanks between the callsign’s
last letter and last character in the field, the blanks should be filled
with a space character.

2.2.1 Callsign
The Callsign field of the radio header of data and voice packets is used for
packet routing. Except for the callsign in the “Own station” fields, callsigns
generally have less than 6 letters (or 7 letters). The following paragraphs show
how to interpret callsign fields:.

(1) “Destination repeater Callsign”
In zone communication, this field must be set to the callsign of the repeater
utilized by the companion station.

If there are multiple repeaters in a repeater site, they are distinguished by last
character, of “A”, “B”, “C”, or “D". (Ex. W$1AAA A , WS$1AAA D, etc.) The
default character is “A”.

(Explained callsign is not to exist as W$1AAA but only for examples)
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When communicating outside the local zone, which is called zone to zone
communication, this field must be set to the callsign of the zone repeater
connected to a gateway and last character set to “G” to indicate
communications via the gateway. (Ex. W$1AAA G)

(2) "Departure repeater Callsign”
This field must be set to the repeater callsign of the originating station.

If there are multiple repeaters in a repeater site, they are distinguished by
last character of “A”, “B”, “C”, or “D". (Ex. W$1AAA A, W$1AAA D etc)
The default character is “A”.

(3) "Companion Callsign”
The field must be set the callsign of the companion station with which
communication is desired. If the station has multiple radios,, they are
distinguished by last character of “A”, “B”, “C”, “D”, “E”", or “F". (Ex.
WS$L1AAA_A, W$1AAA_F etc.)

When originating a non-directed call,, the field should contain “CQCQCQ".

When calling CQ to a non-local zone, which is called zone to zone
communication, prepend “/” to the destination repeater callsign. If there are
multiple repeaters in a repeater site, they are distinguished by last
character of “A”, “B”, “C”, or “D". (Ex. W$1AAA A, WS$1AAA D etc.) The
default character is “A”.

To access a repeater with a local server, in “Companion Callsign”, the field
should contain the repeater callsign and set last character to “S”. (Ex.
W$1BBB_S)

(4) "Own Callsign 1”
The “Own Callsign” field contains the own station’s callsign. If the station
has multiple radios, they are distinguished by last character of “A”, “B”, “C”,
“D”, “E”, or “F". (Ex. W$1AAA_A, WS1AAA F etc.)

(5) "Own Callsign 2”
This field contains information to display as in after a “/ (slash)”. (Ex.
W$1AAA F / ID1 etc. Note: “/ is not displayed). The purpose of “Own
Callsign 2” is to allow “Own Callsign 1” to contain as complete a callsign as
possible. “Own Callsign 2” is not evaluated by the system’s identification
functions.



AP1

Scrambler

Appendix

Scrambling is implemented as follows to eliminate errors when the same bit patterns are
received continuously.

AP1.1 Scramble codes
S(x)=x" +x*+1
Initialization defines

. Initialization begins the scrambling process.

+ Data input
shift shift shift shift shift shift shift
register| register| register register register register| register|
Data output
AP1.2 Data packet scrambling
Radio Header Data FCS
ID MAC Header
Bit |Frame| Flag |Flag| Flag Data
Syn| Syn. | 1 2 3 |Destina{ Depart-|Compa-| Own | Own [P_FCS[E_Len frame CRC
tion ure nion |Callsign|Callsign SA | DA |Type
RepeaterRepeater|Callsign 1 2
Callsign|Callsign|
64bilthbi tl 1 1

—
I

byte

error correction 660bit

:nitialization point

AP1.3 Voice packet scrambling

Voice packet scrambling includes the radio header and data frames except for synchronizing
frames. Synchronized signals and the last frame are not scrambled.

Scramble range

8byt 8byt8bhyt 8bytebyt by2leyaleyGley 2bd W¥t6e500dDPYy ¢ e

N

Radio Header

Data
ID
Bit |Frame -
Syn | Syn. [Flag|Flag|Flag Destinaq Depart- Oown Own|p FCS| Voice | Data | Voice | Data \oice | Data
i Compa- : o
1| 2] 3| tion ure h Callsign|Callsig| Frame | Frame | Frame | Frame Frame | Frame

RepeatefRepeatey Nion 1 )

Callsign|Callsign Callsign|
64bl1gbilt 1 1

8byt 8byt8bhyt8bytebylbyt@2bpubéyti2edboydbyte72by24byte

error correction  660bit

scramble

Initialization Point

>

—

| scram|

f Initialization point




AP2 Error Correction
Error correction for data voice packets is performed as follows.

The error correction range is from Flag 1 to P-FCS.
The error correction signal is interleaved with the packet data with a convolutional
rate of 1/2, a constraint length of 3, and a depth of interleave of 24.

The structure of encoder

Convolution code
Convolutional code rate / 8 ¢ Odd output

Constraint length

Handover bit ¥>Output

Generator polynomial
Gi(D)=1+D+ D2
G2(D)=1+ D2

Register
«—

Register

Even output

Composing process

(1) X1, X2 registers must be set to zero before encoding.

(2) Feed header data into the encoder beginning with the LSB.

(3) Following the header data, including P_FCS, input two zero bits.

AP3 Interleave process
To reduce continuous burst errors during the radio header, the interleaving process

specified by the following interleave matrix is used. The interleave process operates
independently of the error correction process.
To interleave transmit error correction, input the packet data stream from left top
to the bottom. Read the interleaved data stream from left top to right.
To separate the error correction data and original data stream, input from the
received data stream from the left top to right. Read the output data stream from
the left top to the bottom.



interleave structure MATRIX
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Lexicon

Gate way (GW)
Equipment of to connect between a zone repeater and the Internet. Usally it is normal PC
including D-STAR GW softwares.

Zone
A region of connected multi repeaters by backbone repeaters.

Zone repeater
Connected a repeater to the Internet in a zone.

Repeater area
A region of available to access a repeater to the terminals.

Repeater site
A place of setting some repeaters and/or backbone repeaters.
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Figure of System constitution
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