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1
Scope

A reference configuration of the transmission chain is shown in 3GPP TS 45.001. According to this reference configuration, the present document specifies the data blocks given to the encryption unit.

It includes the specification of encoding, reordering, interleaving and the stealing flag. It does not specify the channel decoding method.

The definition is given for each kind of logical channel, starting from the data provided to the channel encoder by the speech coder, the data terminal equipment, or the controller of the Mobile Station (MS) or Base Transceiver Station (BTS). The definitions of the logical channel types used in this technical specification are given in 3GPP TS 45.002, a summary is in annex A.

1.1
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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3GPP TS 26.090: “AMR speech Codec; Transcoding Functions”.
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3GPP TS 26.190: “Mandatory Speech Codec speech processing functions AMR Wideband speech codec; Transcoding functions”.
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3GPP TS 44.021: “Rate adaption on the Mobile Station ‑ Base Station System (MS ‑ BSS) interface”.
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3GPP TS 45.004: “Modulation”.
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3.9
Adaptive multi rate speech channel at full rate (TCH/AFS)

This section describes the coding for the different frame formats used for TCH/AFS. The formats used are (in the order they are described):

SID_UPDATE
Used to convey comfort noise parameters during DTX

SID_FIRST

Marker to define end of speech, start of DTX

ONSET


Used to signal the Codec mode for the first speech frame after DTX

SPEECH


Speech frames

RATSCCH

Frames used to convey RATSCCH messages
In this chapter, sub chapters 3.9.1 to 3.9.5 describe the channel coding for the different formats listed above.

Common to all the formats is that in-band information is conveyed, the coding for the in-band channel is described in the table below.

	Identifier

(defined in 3GPP TS 45.009)
	Received in-band data

id(1), id(0)
	Encoded in-band data for SID and RATSCCH frames

ic(15),.., ic(0)
	Encoded in-band data for speech frames

ic(7),.., ic(0)

	CODEC_MODE_1
	00
	0101001100001111
	00000000

	CODEC_MODE_2
	01
	0011111010111000
	10111010

	CODEC_MODE_3
	10
	1000100001100011
	01011101

	CODEC_MODE_4
	11
	1110010111010100
	11100111


3.9.4.2
Ordering according to subjective importance

The bits delivered by the speech encoder, {s(1),s(2),...,s(Ks)},  are rearranged according to subjective importance before channel coding. Tables 7 to 16 define the correct rearrangement for the speech codec modes 12.2 kbit/s, 10.2 kbit/s, 7.95 kbit/s, 7.40 kbit/s, 6.70 kbit/s, 5.90 kbit/s, 5.15 kbit/s and 4.75 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to 3GPP TS 26.090 and the rearranged bits are labelled {d(0),d(1),...,d(Kd-1)}, defined in the order of decreasing importance. Index Kd refers to the number of bits delivered by the speech encoder, see below:

	Codec

mode
	Number of 

speech bits 

delivered 

per block

(Kd)

	TCH/AFS12.2 
	244

	TCH/AFS10.2
	204

	TCH/AFS7.95 
	159

	TCH/AFS7.4 
	148

	TCH/AFS6.7 
	134

	TCH/AFS5.9 
	118

	TCH/AFS5.15 
	103

	TCH/AFS4.75
	95


The ordering algorithm is in pseudo code as:


for j = 0 to Kd-1
d(j) := s(table(j)+1); 


where table(j) is read line by line left to right

The rearranged bits are further divided into two different classes to perform unequal error protection for different bits according to subjective importance. 

The protection classes are:


1a
-
Data protected with the CRC and the convolution code.
1b 
-
Data protected with the convolution code.
No unprotected bits are used.

The number of class 1 (sum of class 1a and 1b), class 1a and class 1b bits for each codec mode is shown below:

	Codec 

Mode


	Number of speech bits delivered per block
	Number of class 1 bits per block
	Number of class 1a bits per block
	Number of class 1b bits per block

	TCH/AFS12.2
	244
	244
	81
	163

	TCH/AFS10.2
	204
	204
	65
	139

	TCH/AFS7.95
	159
	159
	75
	84

	TCH/AFS7.4
	148
	148
	61
	87

	TCH/AFS6.7
	134
	134
	55
	79

	TCH/AFS5.9
	118
	118
	55
	63

	TCH/AFS5.15
	103
	103
	49
	54

	TCH/AFS4.75
	95
	95
	39
	56


3.10
Adaptive multi rate speech channel at half rate (TCH/AHS)

This section describes the coding for the different frame formats used for TCH/AHS. The formats used are (in the order they are described):

SID_UPDATE


Used to convey comfort noise parameters during DTX

SID_UPDATE_INH

Used to inhibit the second part of a SID_UPDATE frame if there is a speech onset

SID_FIRST_P1


First part of marker to define end of speech, start of DTX

SID_FIRST_P2


Second part of marker to define end of speech, start of DTX

SID_FIRST_INH

Used to inhibit the second part of a SID_FIRST_P1 frame if there is a speech onset

ONSET




Used to signal the Codec mode for the first speech frame after DTX

SPEECH




Speech frames

RATSCCH_MARKER
Marker to identify RATSCCH frames

RATSCCH_DATA

Frame that conveys the actual RATSCCH message
In this chapter, sub chapters 3.10.1 to 3.10.9 describe the channel coding for the different formats listed above.

Common to all the formats is that in-band information is conveyed, the coding for the in-band channel is described in the table below: 

	Identifier

(defined in 3GPP TS 45.009)
	Received in-band data

id(1), id(0)
	Encoded in-band data for SID and RATSCCH frames

ic(15),.., ic(0)
	Encoded in-band data for speech framesic(3),.., ic(0)

	CODEC_MODE_1
	00
	0101001100001111
	0000

	CODEC_MODE_2
	01
	0011111010111000
	1001

	CODEC_MODE_3
	10
	1000100001100011
	0111

	CODEC_MODE_4
	11
	1110010111010100
	1110


3.10.7.2
Ordering according to subjective importance

The bits delivered by the speech encoder, {s(1),s(2),...,s(Ks)},  are rearranged according to subjective importance before channel coding, Tables 9, 10, 11, 12, 13, 14 define the correct rearrangement for the speech codec modes 7.95 kbit/s, 7.40 kbit/s, 6.70 kbit/s, 5.90 kbit/s, 5.15 kbit/s and 4.75 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to 3GPP TS 26.090 and the rearranged bits are labelled {d(0),d(1),...,d(Kd-1)}, defined in the order of decreasing importance. Index Kd refers to the number of bits delivered by the speech encoder, see below:

	Codec

mode
	Number of speech bits delivered per block

(Kd)



	TCH/AHS7.95
	159

	TCH/AHS7.4
	148

	TCH/AHS6.7
	134

	TCH/AHS5.9
	118

	TCH/AHS5.15
	103

	TCH/AHS4.75
	95


The ordering algorithm is in pseudo code as:


for j = 0 to Kd-1
d(j) := s(table(j)+1); 

where table(j) is read line by line left to right

The rearranged bits are further divided into three different classes to perform unequal error protection for different bits according to subjective importance. 

The protection classes are:



1a
-
Data protected with the CRC and the convolution code.

1b
-
Data protected with the convolution code.



2
-
Data sent without protection.

The number of class 1 (sum of class 1a and 1b), class 1a, class 1b and class 2 bits for each codec mode is shown below:

	Codec

mode 


	Number of 

speech bits 

delivered per 

block
	Number of 

class 1 bits 

per block
	Number of 

class 1a bits 

per block
	Number of

 class 1b bits 

per block
	Number of 

class 2 bits 

per block

	TCH/AHS7.95
	159
	123
	67
	56
	36

	TCH/AHS7.4
	148
	120
	61
	59
	28

	TCH/AHS6.7
	134
	110
	55
	55
	24

	TCH/AHS5.9
	118
	102
	55
	47
	16

	TCH/AHS5.15
	103
	91
	49
	42
	12

	TCH/AHS4.75
	95
	83
	39
	44
	12


3.14
Wideband Adaptive multi rate speech channel at full rate (TCH/WFS)

This section describes the coding for the different frame formats used for TCH/WFS. The formats used are (in the order they are described):

SID_UPDATE
Used to convey comfort noise parameters during DTX

SID_FIRST

Marker to define end of speech, start of DTX

ONSET


Used to signal the Codec mode for the first speech frame after DTX

SPEECH


Speech frames

In this chapter, sub chapters 3.14.1 to 3.14.4 describe the channel coding for the different formats listed above.

Common to all the formats is that in-band information is conveyed, the coding for the in-band channel is described in the table below.

	Identifier

(defined in 3GPP TS 45.009)
	Received in-band data

id(1), id(0)
	Encoded in-band data for SID frames

ic(15),.., ic(0)
	Encoded in-band data for speech frames

ic(7),.., ic(0)

	CODEC_MODE_1
	00
	0101001100001111
	00000000

	CODEC_MODE_2
	01
	0011111010111000
	10111010

	CODEC_MODE_3
	10
	1000100001100011
	01011101

	CODEC_MODE_4
	11
	1110010111010100
	11100111


3.15
Adaptive multi rate speech channel at 8-PSK half rate (O-TCH/AHS)

This section describes the coding for the different frame formats used for O-TCH/AHS. The formats used are (in the order they are described):

SID_UPDATE


Used to convey comfort noise parameters during DTX

SID_UPDATE_INH

Used to inhibit the second part of a SID_UPDATE frame if there is a speech onset

SID_FIRST_P1


First part of marker to define end of speech, start of DTX

SID_FIRST_P2


Second part of marker to define end of speech, start of DTX

SID_FIRST_INH

Used to inhibit the second part of a SID_FIRST_P1 frame if there is a speech onset

ONSET




Used to signal the Codec mode for the first speech frame after DTX

SPEECH




Speech frames 

RATSCCH_MARKER
Marker to identify RATSCCH frames

RATSCCH_DATA

Frame that conveys the actual RATSCCH message
In this chapter, sub chapters 3.15.1 to 3.15.9 describe the channel coding for the different formats listed above.

Common to all the formats is that in-band information is conveyed, the coding for the in-band channel is described in the table below.

	Identifier

(defined in 3GPP 45.009)
	Received in-band data

id(1), id(0)
	Encoded in-band data for SID and RATSCCH frames

ic(15),.., ic(0)
	Encoded in-band data for speech frames

ic(11),.., ic(0)

	CODEC_MODE_1
	00
	0101001100001111
	000000000000

	CODEC_MODE_2
	01
	0011111010111000
	110110101110

	CODEC_MODE_3
	10
	1000100001100011
	101101110101

	CODEC_MODE_4
	11
	1110010111010100
	011011011011


3.15.7.2
Ordering according to subjective importance

The bits delivered by the speech encoder, {s(1),s(2),...,s(Ks)},  are rearranged according to subjective importance before channel coding. Tables 7 to 14 define the correct rearrangement for the speech codec modes 12.2 kbit/s, 10.2 kbit/s, 7.95 kbit/s, 7.4 kbit/s, 6.7 kbit/s, 5.9 kbit/s, 5.15 kbit/s and 4.75 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to 3GPP TS 26.090 and the rearranged bits are labelled {d(0),d(1),...,d(Kd-1)}, defined in the order of decreasing importance. Index Kd refers to the number of bits delivered by the speech encoder, see below:

	Codec

mode
	Number of 

speech bits 

delivered 

per block

(Kd)

	O-TCH/AHS12.2
	244

	O-TCH/AHS10.2
	204

	O-TCH/AHS7.95
	159

	O-TCH/AHS7.4 
	148

	O-TCH/AHS6.7 
	134

	O-TCH/AHS5.9 
	118

	O-TCH/AHS5.15 
	103

	O-TCH/AHS4.75 
	95


The ordering algorithm is in pseudo code as:


for j = 0 to Kd-1
d(j) := s(table(j)+1); 


where table(j) is read line by line left to right

The rearranged bits are further divided into three different classes to perform unequal error protection for different bits according to subjective importance. 

The protection classes are:



1a
-
Data protected with the CRC and the convolution code.

1b
-
Data protected with the convolution code.

The number of class 1 (sum of class 1a and 1b), class 1a and class 1b bits for each codec mode is shown below:

	Codec

mode 


	Number of 

speech bits 

delivered per 

block
	Number of 

class 1a bits 

per block
	Number of

 class 1b bits 

per block

	O-TCH/AHS12.2
	244
	81
	163

	O-TCH/AHS10.2
	204
	65
	139

	O-TCH/AHS7.95
	159
	75
	84

	O-TCH/AHS7.4
	148
	61
	87

	O-TCH/AHS6.7
	134
	55
	79

	O-TCH/AHS5.9
	118
	55
	63

	O-TCH/AHS5.15
	103
	49
	54

	O-TCH/AHS4.75
	95
	39
	56


5.1.10.1.4
Data coding

a)
Parity bits:


Twelve data parity bits p(0),p(1),...,p(11) are defined in such a way that in GF(2) the binary polynomial:

d(28)D605 +...+ d(621)D12 + p(0)D11 +...+ p(11), when divided by:

D12 + D11 + D10 + D8 + D5 + D4 + 1, yields a remainder equal to:

D11 + D10 + D9 + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D + 1.

b)
Tail bits:


Six tail bits equal to 0 are added to the information and parity bits, the result being a block of 612 bits {u(0),u(1),...,u(611)}:

u(k)
= d(k+28)

for k = 0,1,...,593

u(k)
= p(k‑594)
for k = 594,595,...,605

u(k)
= 0



for k = 606,607,…,611 (tail bits)

c)
Convolutional encoder


This block of 612 bits {u(0),u(1),...,u(611)} is encoded with the 1/3 rate convolutional mother code defined by the polynomials:

G4 = 1 + D2 + D3 + D5 + D6

G7 = 1 + D + D2 + D3 + D6

G5 = 1 + D + D4 + D6

This results in a block of 1836 coded bits: {C(0),C(1),...,C(1835)} defined by:

C(3k)     = u(k) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑6)

C(3k+1) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑6)

C(3k+2) = u(k) + u(k‑1) + u(k-4) + u(k-6)     for k = 0,1,...,611; u(k) = 0 for k < 0


The code is punctured depending on the value of the CPS field as defined in 3GPP TS 44.060. Two puncturing schemes named P1 or P2 are applied in such a way that the following coded bits:

	P1
	{C(2+3j) for j = 0,1,...,611} are not transmitted except {C(k) for k = 32,98,164,230,296,428,494,560, 626,692,824,890,956,1022,1088,1220,1286,1352,1418,1484,1616,1682,1748,1814} which are transmitted

	P2
	{C(1+3j) for j = 0,1,...,611} are not transmitted except {C(k) for k = 16,82,148,214,280,412,478,544, 610,676,808,874,940,1006,1072,1204,1270,1336,1402,1468,1600,1666,1732,1798} which are transmitted



The result is a block of 1248 coded bits, {dc(0),dc(1),...,dc(1247)}.
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