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3.1
Speech channel at full rate (TCH/FS and TCH/EFS)

The speech coder (whether Full rate or Enhanced full rate) delivers to the channel encoder a sequence of blocks of data. In case of a full rate and enhanced full rate speech TCH, one block of data corresponds to one speech frame.

For the full rate coder each block contains 260 information bits, including 182 bits of class 1 (protected bits), and 78 bits of class 2 (no protection), (see table 2).

The bits delivered by the speech coder are received in the order indicated in 3GPP TS 46.010 and have to be rearranged according to table 2 before channel coding as defined in subclauses 3.1.1 to 3.1.4. The rearranged bits are labelled {d(0),d(1),...,d(259)}, defined in the order of decreasing importance.

For the EFR coder each block contains 244 information bits. The block of 244 information bits, labelled s(1).., s(244), passes through a preliminary stage, applied only to EFR (see figure 1) which produces 260 bits corresponding to the 244 input bits and 16 redundancy bits. Those 16 redundancy bits correspond to 8 CRC bits and 8 repetition bits, as described in subclause 3.1.1. The 260 bits, labelled w(1)..w(260), have to be rearranged according to table 6 before they are delivered to the channel encoding unit which is identical to that of the TCH/FS. The 260 bits block includes 182 bits of class 1(protected bits) and 78 bits of class 2 (no protection). The class 1 bits are further divided into the class 1a and class 1b, class 1a bits being protected by a cyclic code and the convolutional code whereas the class 1b are protected by the convolutional code only.

3.1.1
Preliminary channel coding for EFR only

3.1.1.1
CRC calculation

An 8‑bit CRC is used for error‑detection. These 8 parity bits (bits w253‑w260) are generated by the cyclic generator polynomial: g(D) = D8 + D4 + D3 + D2 + 1 from the 65 most important bits (50 bits of class 1a and 15 bits of class 1b). These 65 bits (b(1)‑b(65)) are taken from the table 5 in the following order (read row by row, left to right):

	s39
	s40
	s41
	s42
	s43
	s44
	s48
	s87
	s45
	s2

	s3
	s8
	s10
	s18
	s19
	s24
	s46
	s47
	s142
	s143

	s144
	s145
	s146
	s147
	s92
	s93
	s195
	s196
	s98
	s137

	s148
	s94
	s197
	s149
	s150
	s95
	s198
	s4
	s5
	s11

	s12
	s16
	s9
	s6
	s7
	s13
	s17
	s20
	s96
	s199

	s1
	s14
	s15
	s21
	s25
	s26
	s28
	s151
	s201
	s190

	s240
	s88
	s138
	s191
	s241
	
	
	
	
	


The encoding is performed in a systematic form, which means that, in GF(2), the polynomial:

-
b(1)D72 + b(2)D71 +...+b(65)D8 + p(1)D7 + p(2)D6 +...+ p(7)D1 + p(8);

-
p(1) ‑ p(8): the parity bits (w253‑w260);

-
b(1) ‑ b(65) = the data bits from the table above;

when divided by g(D), yields a remainder equal to 0.

3.1.1.2
Repetition bits

The repeated bits are s70, s120, s173 and s223. They correspond to one of the bits in each of the PULSE_5, the most significant one not protected by the channel coding stage.

3.1.1.3
Correspondence between input and output of preliminary channel coding

The preliminary coded bits w(k) for k = 1 to 260 are hence defined by:

w(k) = s(k)
 for k = 1 to 71

w(k) = s(k‑2) for k = 74 to 123

w(k) = s(k‑4) for k = 126 to 178

w(k) = s(k‑6) for k = 181 to s230

w(k) = s(k‑8) for k = 233 to s252

Repetition bits:

w(k) = s(70)
for k = 72 and 73

w(k) = s(120) for k = 124 and 125

w(k) = s(173) for k = 179 and 180 

w(k) = s(223) for k = 231 and 232

Parity bits:


w(k = p(k‑252) for k = 253 to 260

3.1.2
Channel coding for FR and EFR

3.1.2.1
Parity and tailing for a speech frame

a)
Parity bits:


The first 50 bits of class 1 (known as class 1a for the EFR) are protected by three parity bits used for error detection. These parity bits are added to the 50 bits, according to a degenerate (shortened) cyclic code (53,50,2), using the generator polynomial:

g(D) = D3 + D + 1


The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D52 + d(1)D51 +... + d(49)D3 + p(0)D2 + p(1)D+ p(2)


where p(0), p(1), p(2) are the parity bits, when divided by g(D), yields a remainder equal to:

1 + D + D2
b)
Tailing bits and reordering:


The information and parity bits of class 1 are reordered, defining 189 information + parity + tail bits of class 1, {u(0),u(1),...,u(188)} defined by:


u(k)
= d(2k)
and
u(184‑k) = d(2k+1)

for k = 0,1,...,90


u(91+k)
= p(k)










for k = 0,1,2


u(k)
= 0











for k = 185,186,187,188 (tail bits)

3.1.2.2
Convolutional encoder

The class 1 bits are encoded with the ½ rate convolutional code defined by the polynomials:

G0 = 1 + D3+ D4
G1 = 1 + D + D3+ D4
The coded bits {c(0), c(1),..., c(455)} are then defined by:

‑ class 1:
c(2k)
=

u(k) + u(k‑3) + u(k‑4)




c(2k+1)
=
u(k) + u(k‑1) + u(k‑3) + u(k‑4) 

for 
k = 0,1,...,188








u(k) = 0 for k < 0

‑
class 2:
c(378+k)
= d(182+k)


for
k = 0,1,....,77

3.1.3
Interleaving

The coded bits are reordered and interleaved according to the following rule:

i(B,j) = c(n,k),
for
k  = 0,1,...,455





n  = 0,1,...,N,N+1,...





B = B0 + 4n + (k mod 8)





j   = 2((49k) mod 57) + ((k mod 8) div 4)

See table 1. The result of the interleaving is a distribution of the reordered 456 bits of a given data block, n = N, over 8 blocks using the even numbered bits of the first 4 blocks (B = B0 + 4N + 0, 1, 2, 3) and odd numbered bits of the last 4 blocks (B = B0 + 4N + 4, 5, 6, 7). The reordered bits of the following data block, n = N+1, use the even numbered bits of the blocks B = B0 + 4N + 4, 5, 6, 7 (B = B0 + 4(N+1) + 0, 1, 2, 3) and the odd numbered bits of the blocks B = B0 + 4(N+1) + 4, 5, 6, 7. Continuing with the next data blocks shows that one block always carries 57 bits of data from one data block (n = N) and 57 bits of data from the next block (n = N+1), where the bits from the data block with the higher number always are the even numbered data bits, and those of the data block with the lower number are the odd numbered bits.

The block of coded data is interleaved "block diagonal", where a new data block starts every 4th block and is distributed over 8 blocks.

3.1.4
Mapping on a Burst

The mapping is given by the rule:

e(B,j) 
= i(B,j)
and
e(B,59+j) = i(B,57+j)

for j = 0,1,...,56

and

e(B,57) = hl(B)
and
e(B,58) = hu(B)

The two bits, labelled hl(B) and hu(B) on burst number B are flags used for indication of control channel signalling. For each TCH/FS block not stolen for signalling purposes:

hu(B) = 0 
for the first 4 bursts
(indicating status of even numbered bits)

hl(B)  = 0 
for the last 4 bursts
(indicating status of odd numbered bits)

For the use of hl(B) and hu(B) when a speech frame is stolen for signalling purposes see subclause 4.2.5.
FOR INFORMATION ONLY

Table 6: Ordering of enhanced full rate speech parameters for the channel encoder
(subjective importance of encoded bits) (after preliminary channel coding)
(Parameter names refers to 3GPP TS 46.060)

	Description
	Bits 
(Table 5)
	Bit index within parameter

	CLASS 1a: 50 bits (protected by 3 bit TCH‑FS CRC)
	
	

	LTP‑LAG 1
	w39 ‑ w44
	b8, b7, b6, b5, b4, b3

	LTP‑LAG 3
	w146 ‑ w151
	b8, b7, b6, b5, b4, b3

	LTP‑LAG 2
	w94 ‑ w95
	b5, b4

	LTP‑LAG 4
	w201 ‑ w202
	b5, b4

	LTP‑GAIN 1
	n48
	b3

	FCB‑GAIN 1
	w89
	b4

	LTP‑GAIN 2
	w100
	b3

	FCB‑GAIN 2
	w141
	b4

	LTP‑LAG 1
	w45
	b2

	LTP‑LAG 3
	w152
	b2

	LTP‑LAG 2
	w96
	b3

	LTP‑LAG 4
	w203
	b3

	LPC 1
	w2 ‑ w3
	b5, b4

	LPC 2
	w8
	b7

	LPC 2
	w10
	b5

	LPC 3
	w18 ‑ w19
	b6, b5

	LPC 3
	w24
	b0

	LTP‑LAG 1
	w46 ‑ w47
	b1, b0

	LTP‑LAG 3
	w153 ‑ w154
	b1, b0

	LTP‑LAG 2
	w97
	b2

	LTP‑LAG 4
	w204
	b2

	LPC 1
	w4 ‑ w5
	b3, b2

	LPC 2
	w11 ‑ w12
	b4, b3

	LPC 3
	w16
	b8

	LPC 2
	w9
	b6

	LPC 1
	w6 ‑ w7
	b1, b0

	LPC 2
	w13
	b2

	LPC 3
	w17
	b7

	LPC 3
	w20
	b4

	LTP‑LAG 2
	w98
	b1

	LTP‑LAG 4
	w205
	b1

	CLASS 1b: 132 bits (protected)
	
	

	LPC 1
	w1
	b6

	LPC 2
	w14 ‑ w15
	b1, b0

	LPC 3
	w21
	b3

	LPC 4
	w25 ‑ w26
	b7, b6

	LPC 4
	w28
	b4

	LTP‑GAIN 3
	w155
	b3

	LTP‑GAIN 4
	w207
	b3

	FCB‑GAIN 3
	w196
	b4

	FCB‑GAIN 4
	w248
	b4

	FCB‑GAIN 1
	w90
	b3

	FCB‑GAIN 2
	w142
	b3

	FCB‑GAIN 3
	w197
	b3

	FCB‑GAIN 4
	w249
	b3

	CRC‑POLY
	w253 ‑ w260
	b7, b6, b5, b4, b3, b2, b1, b0

	LTP‑GAIN 1
	w49
	b2

	
	
	

	(continued)


Table 6 (continued): Ordering of enhanced full rate speech parameters for the channel encoder
(subjective importance of encoded bits) (after preliminary channel coding)
(Parameter names refers to 3GPP TS 46.060)

	Description
	Bits 
(Table 5)
	Bit index within parameter

	LTP‑GAIN 2
	w101
	b2

	LTP‑GAIN 3
	w156
	b2

	LTP‑GAIN 4
	w208
	b2

	LPC 3
	w22 ‑ w23
	b2, b1

	LPC 4
	w27
	b5

	LPC 4
	w29
	b3

	PULSE 1_1
	w52
	b3

	PULSE 1_2
	w56
	b3

	PULSE 1_3
	w60
	b3

	PULSE 1_4
	w64
	b3

	PULSE 1_5
	w68
	b3

	PULSE 2_1
	w104
	b3

	PULSE 2_2
	w108
	b3

	PULSE 2_3
	w112
	b3

	PULSE 2_4
	w116
	b3

	PULSE 2_5
	w120
	b3

	PULSE 3_1
	w159
	b3

	PULSE 3_2
	w163
	b3

	PULSE 3_3
	w167
	b3

	PULSE 3_4
	w171
	b3

	PULSE 3_5
	w175
	b3

	PULSE 4_1
	w211
	b3

	PULSE 4_2
	w215
	b3

	PULSE 4_3
	w219
	b3

	PULSE 4_4
	w223
	b3

	PULSE 4_5
	w227
	b3

	FCB‑GAIN 1
	w91
	b2

	FCB‑GAIN 2
	w143
	b2

	FCB‑GAIN 3
	w198
	b2

	FCB‑GAIN 4
	w250
	b2

	LTP‑GAIN 1
	w50
	b1

	LTP‑GAIN 2
	w102
	b1

	LTP‑GAIN 3
	w157
	b1

	LTP‑GAIN 4
	w209
	b1

	LPC 4
	w30 ‑ w32
	b2, b1, b0

	LPC 5
	w33 ‑ w36
	b5, b4, b3, b2

	LTP‑LAG 2
	w99
	b0

	LTP‑LAG 4
	w206
	b0

	PULSE 1_1
	w53
	b2

	PULSE 1_2
	w57
	b2

	
	
	

	(continued)


Table 6 (continued): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance of encoded bits) (after preliminary channel coding)
(Parameter names refers to 3GPP TS 46.060)

	Description
	Bits 
(Table 5)
	Bit index within parameter

	PULSE 1_3
	w61
	b2

	PULSE 1_4
	w65
	b2

	PULSE 1_5
	w69
	b2

	PULSE 2_1
	w105
	b2

	PULSE 2_2
	w109
	b2

	PULSE 2_3
	w113
	b2

	PULSE 2_4
	w117
	b2

	PULSE 2_5
	w121
	b2

	PULSE 3_1
	w160
	b2

	PULSE 3_2
	w164
	b2

	PULSE 3_3
	w168
	b2

	PULSE 3_4
	w172
	b2

	PULSE 3_5
	w176
	b2

	PULSE 4_1
	w212
	b2

	PULSE 4_2
	w216
	b2

	PULSE 4_3
	w220
	b2

	PULSE 4_4
	w224
	b2

	PULSE 4_5
	w228
	b2

	PULSE 1_1
	w54
	b1

	PULSE 1_2
	w58
	b1

	PULSE 1_3
	w62
	b1

	PULSE 1_4
	w66
	b1

	PULSE 2_1
	w106
	b1

	PULSE 2_2
	w110
	b1

	PULSE 2_3
	w114
	b1

	PULSE 2_4
	w118
	b1

	PULSE 3_1
	w161
	b1

	PULSE 3_2
	w165
	b1

	PULSE 3_3
	w169
	b1

	PULSE 3_4
	w173
	b1

	PULSE 4_1
	w213
	b1

	PULSE 4_3
	w221
	b1

	PULSE 4_4
	w225
	b1

	FCB‑GAIN 1
	w92
	b1

	FCB‑GAIN 2
	w144
	b1

	FCB‑GAIN 3
	s199
	b1

	FCB‑GAIN 4
	w251
	b1

	LTP‑GAIN 1
	w51
	b0

	LTP‑GAIN 2
	w103
	b0

	LTP‑GAIN 3
	w158
	b0

	LTP‑GAIN 4
	w210
	b0

	FCB‑GAIN 1
	w93
	b0

	FCB‑GAIN 2
	w145
	b0

	FCB‑GAIN 3
	w200
	b0

	FCB‑GAIN 4
	w252
	b0

	PULSE 1_1 
	w55
	b0

	PULSE 1_2
	w59
	b0

	PULSE 1_3
	w63
	b0

	PULSE 1_4
	w67
	b0

	PULSE 2_1
	w107
	b0

	PULSE 2_2
	w111
	b0

	PULSE 2_3
	w115
	b0

	PULSE 2_4
	w119
	b0

	PULSE 3_1
	w162
	b0

	PULSE 3_2
	w166
	b0

	PULSE 3_3
	w170
	b0

	
	
	

	(continued)


Table 6 (continued): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance of encoded bits) (after preliminary channel coding)
(Parameter names refers to 3GPP TS 46.060)

	Description
	Bits 
(Table 5)
	Bit index within parameter

	PULSE 3_4
	w174
	b0

	PULSE 4_1
	w214
	b0

	PULSE 4_3
	w222
	b0

	PULSE 4_4
	w226
	b0

	LPC 5
	w37 ‑ w38
	b1, b0

	CLASS 2: 78 bits (unprotected)
	
	

	PULSE 1_5
	w70
	b1

	PULSE 1_5
	w72 ‑ w73
	b1, b1

	PULSE 2_5
	w122
	b1

	PULSE 2_5
	w124 ‑ s125
	b1, b1

	PULSE 3_5
	w177
	b1

	PULSE 3_5
	w179 ‑ w180
	b1, b1

	PULSE 4_5
	w229
	b1

	PULSE 4_5
	w231 ‑ w232
	b1, b1

	PULSE 4_2
	w217 ‑ w218
	b1, b0

	PULSE 1_5
	w71
	b0

	PULSE 2_5
	w123
	b0

	PULSE 3_5
	w178
	b0

	PULSE 4_5
	w230
	b0

	PULSE 1_6
	w74
	b2

	PULSE 1_7
	w77
	b2

	PULSE 1_8
	w80
	b2

	PULSE 1_9
	w83
	b2

	PULSE 1_10
	w86
	b2

	PULSE 2_6
	w126
	b2

	PULSE 2_7
	w129
	b2

	PULSE 2_8
	w132
	b2

	PULSE 2_9
	w135
	b2

	PULSE 2_10
	w138
	b2

	PULSE 3_6
	w181
	b2

	PULSE 3_7
	w184
	b2

	PULSE 3_8
	w187
	b2

	PULSE 3_9
	w190
	b2

	PULSE 3_10
	w193
	b2

	PULSE 4_6
	w233
	b2

	PULSE 4_7
	w236
	b2

	PULSE 4_8
	w239
	b2

	PULSE 4_9
	w242
	b2

	PULSE 4_10
	w245
	b2

	PULSE 1_6
	w75
	b1

	PULSE 1_7
	w78
	b1

	PULSE 1_8
	w81
	b1

	PULSE 1_9
	w84
	b1

	PULSE 1_10
	w87
	b1

	PULSE 2_6
	w127
	b1

	PULSE 2_7
	w130
	b1

	PULSE 2_8
	w133
	b1

	PULSE 2_9
	w136
	b1

	PULSE 2_10
	w139
	b1

	PULSE 3_6
	w182
	b1

	PULSE 3_7
	w185
	b1

	PULSE 3_8
	w188
	b1

	PULSE 3_9
	w191
	b1

	PULSE 3_10
	w194
	b1

	PULSE 4_6
	w234
	b1

	PULSE 4_7
	w237
	b1

	
	
	

	(continued)


Table 6 (concluded): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance of encoded bits) (after preliminary channel coding)
(Parameter names refers to 3GPP TS 46.060)

	Description
	Bits 
(Table 5)
	Bit index within parameter

	PULSE 4_8
	w240
	b1

	PULSE 4_9
	w243
	b1

	PULSE 4_10
	w246
	b1

	PULSE 1_6
	w76
	b0

	PULSE 1_7
	w79
	b0

	PULSE 1_8
	w82
	b0

	PULSE 1_9
	w85
	b0

	PULSE 1_10
	w88
	b0

	PULSE 2_6
	w128
	b0

	PULSE 2_7
	w131
	b0

	PULSE 2_8
	w134
	b0

	PULSE 2_9
	w137
	b0

	PULSE 2_10
	w140
	b0

	PULSE 3_6
	w183
	b0

	PULSE 3_7
	w186
	b0

	PULSE 3_8
	w189
	b0

	PULSE 3_9
	w192
	b0

	PULSE 3_10
	w195
	b0

	PULSE 4_6
	w235
	b0

	PULSE 4_7
	w238
	b0

	PULSE 4_8
	w241
	b0

	PULSE 4_9
	w244
	b0

	PULSE 4_10
	w247
	b0


Table 7: Sorting of the speech encoded bits for TCH/AFS12.2

	     0
	   1
	   2
	   3
	   4
	   5
	   6
	   7
	   8
	   9

	    10
	11
	12
	13
	14
	23
	15
	16
	17
	18

	    19
	20
	21
	22
	24
	25
	26
	27
	28
	38

	   141
	39
	 142
	40
	 143
	41
	 144
	42
	 145
	43

	   146
	44
	 147
	45
	 148
	46
	 149
	47
	97
	 150

	   200
	48
	98
	 151
	 201
	49
	99
	 152
	 202
	86

	   136
	 189
	 239
	87
	 137
	 190
	 240
	88
	 138
	 191

	   241
	91
	 194
	92
	 195
	93
	 196
	94
	 197
	95

	   198
	29
	30
	31
	32
	33
	34
	35
	50
	 100

	   153
	 203
	89
	 139
	 192
	 242
	51
	 101
	 154
	 204

	    55
	 105
	 158
	 208
	90
	 140
	 193
	 243
	59
	 109

	   162
	 212
	63
	 113
	 166
	 216
	67
	 117
	 170
	 220

	    36
	37
	54
	53
	52
	58
	57
	56
	62
	61

	    60
	66
	65
	64
	70
	69
	68
	 104
	 103
	 102

	   108
	 107
	 106
	 112
	 111
	 110
	 116
	 115
	 114
	 120

	   119
	 118
	 157
	 156
	 155
	 161
	 160
	 159
	 165
	 164

	   163
	 169
	 168
	 167
	 173
	 172
	 171
	 207
	 206
	 205

	   211
	 210
	 209
	 215
	 214
	 213
	 219
	 218
	 217
	 223

	   222
	 221
	73
	72
	71
	76
	75
	74
	79
	78

	    77
	82
	81
	80
	85
	84
	83
	 123
	 122
	 121

	   126
	 125
	 124
	 129
	 128
	 127
	 132
	 131
	 130
	 135

	   134
	 133
	 176
	 175
	 174
	 179
	 178
	 177
	 182
	 181

	   180
	 185
	 184
	 183
	 188
	 187
	 186
	 226
	 225
	 224

	   229
	 228
	 227
	 232
	 231
	 230
	 235
	 234
	 233
	 238

	   237
	 236
	96
	 199
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