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This document contains a detailed description of the Nokia AMR wideband codec candidate channel coding for GSM EDGE FR- and HR-channel. The document consists of a GSM 05.03 type of description which is drafted in a manner suitable to be included as a subchapter into the 05.03 specification. However, as stated in the AMR WB design constraints, the EDGE channel coding is only an example solution and will be defined later on the standardisation process.

3 Traffic Channels (TCH)

….

Existing traffic channels and their descriptions (chapters 3.1 – 3.13)

….

3.15
Wideband Adaptive multi rate speech channel at EDGE half rate (E-TCH/WHS)

This section describes the coding for the different frame formats used for E-TCH/WHS. 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 3.15.1 to 3.15.4 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 GSM 05.09 [7])
Received in-band data

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

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

ic(tbd),.., ic(0)

CODEC_MODE_1
00
tbd
tbd

CODEC_MODE_2
01
tbd
tbd

CODEC_MODE_3
10
tbd
tbd

CODEC_MODE_4
11
tbd
tbd

3.15.1 
SID_UPDATE

tbd

3.15.2 
SID_FIRST

tbd

3.15.3 
ONSET

tbd

3.15.4
SPEECH

The speech coder delivers to the channel encoder a sequence of blocks of data. One block of data corresponds to one speech frame and the block length is different in each of the seven channel codec modes. Adjoining each block of data is information of the channel codec mode to use when encoding the block. Also delivered is the in-band data id(0,1) representing Mode Indication or Mode Command/Mode Request depending on the current frame number.

3.15.4.1
Coding of the in-band data

The two input in-band bits (id(0,1)) are coded to twelve coded in-band bits (ic(0..11)).

The encoded in-band bits are moved to the coded bits, c, as


c(k) = ic(k)

for k = 0, 1, ..., 11.

3.15.4.2
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 16 to 24 define the correct rearrangement for the speech codec modes 23.85, 23.05, 19.85 kbit/s, 18.25 kbit/s, 15.85 kbit/s, 14.25 kbit/s, 12.65 kbit/s, 8.85 kbit/s and 6.60 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to GSM 06.90WB [TBA] 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)

E-TCH/WHS23.85
477

E-TCH/WHS23.05
461

E-TCH/WHS19.85
397

E-TCH/WHS18.25 
365

E-TCH/WHS15.85 
317

E-TCH/WHS14.25 
285

E-TCH/WHS12.65 
253

E-TCH/WHS8.85 
177

E-TCH/WHS6.60
132

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

E-TCH/WHS23.85
477
72
405

E-TCH/WHS23.05
461
72
389

E-TCH/WHS19.85
397
72
325

E-TCH/WHS18.25
365
72
293

E-TCH/WHS15.85
317
72
245

E-TCH/WHS14.25
285
72
213

E-TCH/WHS12.65
253
72
181

E-TCH/WHS8.85
177
64
113

E-TCH/WHS6.60
132
54
78

3.15.4.3
Parity for speech frames

The basic parameters for each codec mode for the first encoding step are shown below:

Codec

mode 


Speech 

encoded bits 

(Kd)
CRC 

protected bits 

(Kd1a)
Number of bits after first encoding step 

(Ku = Kd + 6)

E-TCH/WHS23.85
477
72
483

E-TCH/WHS23.05
461
72
467

E-TCH/WHS19.85
397
72
403

E-TCH/WHS18.25 
365
72
371

E-TCH/WHS15.85 
317
72
323

E-TCH/WHS14.25 
285
72
291

E-TCH/WHS12.65 
253
72
259

E-TCH/WHS8.85 
177
64
183

E-TCH/WHS6.60
132
54
138

A 6-bit CRC is used for error-detection. These 6 parity bits are generated by the cyclic generator polynomial: g(D) = D6 + D5 + D3 + D2 + D1 + 1 from the first Kd1a bits of class 1, where Kd1a refers to number of bits in protection class 1a as shown above for each codec mode. The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D(Kd1a+5) + d(1)D(Kd1a+4) +... + d(Kd1a-1)D(6) + p(0)D(5) +…+ p(4)D+ p(5)

where p(0), p(1) … p(5) are the parity bits, when divided by g(D), yields a remainder equal to:

1+ D + D2 + D3 + D4 + D5.
The information and parity bits are merged:

u(k) = d(k)



for k = 0, 1, …, Kd1a-1

u(k) = p(k-Kd1a) 


for k = Kd1a, Kd1a+1, …, Kd1a+5

u(k) = d(k-6)



for k = Kd1a+6, Kd1a+7, …, Ku-1

Thus, after the first encoding step u(k) will be defined by the following contents for each codec mode:

E-TCH/WHS23.85:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 482

E-TCH/WHS23.05:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 466
E-TCH/WHS19.85:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 402

E-TCH/WHS18.25: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 370

E-TCH/WHS15.85: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 322

E-TCH/WHS14.25: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 290

E-TCH/WHS12.65: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 258

E-TCH/WHS8.85: 



u(k) = d(k)



for k = 0, 1, ..., 63



u(k) = p(k-64)


for k = 64, 65, …, 69



u(k) = d(k-6)



for k = 70, 71, …, 182

E-TCH/WHS6.60:



u(k) = d(k)



for k = 0, 1, ..., 53



u(k) = p(k-54)


for k = 54, 55, …, 59



u(k) = d(k-6)



for k = 60, 61, ..., 137

3.15.4.4
Convolutional encoder

The bits from the first encoding step (u(k)) are encoded with the recursive systematic convolutional codes as summarised below. The number of output bits after puncturing is 672 for all codec modes.

Codec

mode


Rate
Number 

of input bits to

conv. 

coder


Number 

of output bits from

conv. 

coder


Number 

of 

punctured 

bits

E-TCH/WHS23.85
1/2
483
978
306

E-TCH/WHS23.05
1/2
467
946
274

E-TCH/WHS19.85
1/2
403
818
146

E-TCH/WHS18.25
1/2
371
754
82

E-TCH/WHS15.85
1/3
323
987
315

E-TCH/WHS14.25
1/3
291
891
219

E-TCH/WHS12.65
1/3
259
795
123

E-TCH/WHS8.85
1/4
183
756
84

E-TCH/WHS6.60
1/5
138
720
48

Below the coding for each codec mode is specified in detail.

E-TCH/WHS23.85:

The block of 483 bits {u(0)… u(482)} is encoded with the 1/2 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 966 coded bits, {C(0)… C(965)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k)

= u(k)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 482; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(2k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 483, 484, ..., 488


The code is punctured in such a way that the following 306 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS23.05:

The block of 467 bits {u(0)… u(466)} is encoded with the 1/2 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 934 coded bits, {C(0)… C(933)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k)

= u(k)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 466; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(2k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 467, 468, ..., 472


The code is punctured in such a way that the following 274 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS19.85:

The block of 403 bits {u(0)… u(402)} is encoded with the 1/2 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 806 coded bits, {C(0)… C(805)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k)

= u(k)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 0, 1, ..., 402; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(2k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 403, 404, ..., 408


The code is punctured in such a way that the following 146 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS18.25: 


The block of 371 bits {u(0)… u(370)} is encoded with the 1/2 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 740 coded bits, {C(0)… C(739)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k)

= u(k)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 370; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(2k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(2k+1)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 371, 372, ..., 376


The code is punctured in such a way that the following 82  coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS15.85: 


The block of 323 bits {u(0)… u(322)} is encoded with the 1/3 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 969 coded bits, {C(0)… C(968)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k)

= u(k)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 322; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(3k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)
for k = 323, 324, ..., 328


The code is punctured in such a way that the following 315 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS14.25: 


The block of 291 bits {u(0)… u(290)} is encoded with the 1/3 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 873 coded bits, {C(0)… C(872)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k)

= u(k)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 290; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(3k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 291, 292, ..., 296


The code is punctured in such a way that the following 219 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS12.65: 


The block of 259 bits {u(0)… u(258)} is encoded with the 1/3 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 777 coded bits, {C(0)… C(776)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k)

= u(k)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 258; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(3k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 259, 260, ..., 264


The code is punctured in such a way that the following 123 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS8.85: 


The block of 183 bits {u(0)… u(182)} is encoded with the 1/4 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 732 coded bits, {C(0)… C(731)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k)

= u(k)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 182; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(4k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 183, 184, ..., 188


The code is punctured in such a way that the following 84 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

E-TCH/WHS6.60:


The block of 138 bits {u(0)... u(137)} is encoded with the 1/5 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 690 coded bits, {C(0)… C(689)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k)

= u(k)



C(5k+1)

= u(k)



C(5k+2)
= r(k)+r(k-2) + r(k-4)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 0, 1, ..., 137; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(5k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)

= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)


for k = 138, 139, ..., 143


The code is punctured in such a way that the following 48 coded bits:


TBA


are not transmitted. The result is a block of 672 coded and punctured bits, P(0)...P(671) which 
are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 671.

3.15.4.5
Interleaving

The interleaving is done as specified for the E-TCH/HS in subclause 3.2.3. The difference is that the interleving is done by symbols instead of single bits, reusing the existing interleaving tables.

3.15.4.6
Mapping on a Burst

Before mapping on a burst the interleaved bits {i(0)…i(683)} are converted into 3-bit symbols {I(0),I(1), …,I(227)} according  to Table 1 in GSM 05.04, the symbol I(k) depends on i(3k+2), i(3k+1) and i(3k) for k=0,1,…,227. 

TBD

3.16
Wideband Adaptive multi rate speech channel at EDGE full rate (E-TCH/WFS)

This section describes the coding for the different frame formats used for E-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 3.16.1 to 3.16.4 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 GSM 05.09 [7])
Received in-band data

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

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

ic(tbd),.., ic(0)

CODEC_MODE_1
00
tbd
tbd

CODEC_MODE_2
01
tbd
tbd

CODEC_MODE_3
10
tbd
tbd

CODEC_MODE_4
11
tbd
tbd

3.16.1 
SID_UPDATE

tbd

3.16.2 
SID_FIRST

tbd

3.16.3 
ONSET

tbd

3.16.5 
SPEECH

The speech coder delivers to the channel encoder a sequence of blocks of data. One block of data corresponds to one speech frame and the block length is different in each of the seven channel codec modes. Adjoining each block of data is information of the channel codec mode to use when encoding the block. Also delivered is the in-band data id(0,1) representing Mode Indication or Mode Command/Mode Request depending on the current frame number.

3.16.4.1
Coding of the in-band data

The two input in-band bits (id(0,1)) are coded to twenty four coded in-band bits (ic(0..23)).

The encoded in-band bits are moved to the coded bits, c, as


c(k) = ic(k)

for k = 0, 1, ..., 23.

3.16.4.2
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 16 to 24 define the correct rearrangement for the speech codec modes 23.85, 23.05, 19.85 kbit/s, 18.25 kbit/s, 15.85 kbit/s, 14.25 kbit/s, 12.65 kbit/s, 8.85 kbit/s and 6.60 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to GSM 06.90WB [TBA] 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)

E-TCH/WFS23.85
477

E-TCH/WFS23.05
461

E-TCH/WFS19.85
397

E-TCH/WFS18.25 
365

E-TCH/WFS15.85 
317

E-TCH/WFS14.25 
285

E-TCH/WFS12.65 
253

E-TCH/WFS8.85 
177

E-TCH/WFS6.60
132

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

E-TCH/WFS23.85
477
72
405

E-TCH/WFS23.05
461
72
389

E-TCH/WFS19.85
397
72
325

E-TCH/WFS18.25
365
72
293

E-TCH/WFS15.85
317
72
245

E-TCH/WFS14.25
285
72
213

E-TCH/WFS12.65
253
72
181

E-TCH/WFS8.85
177
64
113

E-TCH/WFS6.60
132
54
78

3.16.4.3
Parity for speech frames

The basic parameters for each codec mode for the first encoding step are shown below:

Codec

mode 


Speech 

encoded bits 

(Kd)
CRC 

protected bits 

(Kd1a)
Number of bits after first encoding step 

(Ku = Kd + 6)

E-TCH/WFS23.85
477
72
483

E-TCH/WFS23.05
461
72
467

E-TCH/WFS19.85
397
72
403

E-TCH/WFS18.25 
365
72
371

E-TCH/WFS15.85 
317
72
323

E-TCH/WFS14.25 
285
72
291

E-TCH/WFS12.65 
253
72
259

E-TCH/WFS8.85 
177
64
183

E-TCH/WFS6.60
132
54
138

A 6-bit CRC is used for error-detection. These 6 parity bits are generated by the cyclic generator polynomial: g(D) = D6 + D5 + D3 + D2 + D1 + 1 from the first Kd1a bits of class 1, where Kd1a refers to number of bits in protection class 1a as shown above for each codec mode. The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D(Kd1a+5) + d(1)D(Kd1a+4) +... + d(Kd1a-1)D(6) + p(0)D(5) +…+ p(4)D+ p(5)

where p(0), p(1) … p(5) are the parity bits, when divided by g(D), yields a remainder equal to:

1+ D + D2 + D3 + D4 + D5.
The information and parity bits are merged:

u(k) = d(k)



for k = 0, 1, …, Kd1a-1

u(k) = p(k-Kd1a) 


for k = Kd1a, Kd1a+1, …, Kd1a+5

u(k) = d(k-6)



for k = Kd1a+6, Kd1a+7, …, Ku-1

Thus, after the first encoding step u(k) will be defined by the following contents for each codec mode:

E-TCH/WFS23.85:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 482

E-TCH/WFS23.05:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 466
E-TCH/WFS19.85:



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 402

E-TCH/WFS18.25: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 370

E-TCH/WFS15.85: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 322

E-TCH/WFS14.25: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 290

E-TCH/WFS12.65: 



u(k) = d(k)



for k = 0, 1, ..., 71



u(k) = p(k-72)


for k = 72, 73, …, 77



u(k) = d(k-6)



for k = 78, 79, …, 258

E-TCH/WFS8.85: 



u(k) = d(k)



for k = 0, 1, ..., 63



u(k) = p(k-64)


for k = 64, 65, …, 69



u(k) = d(k-6)



for k = 70, 71, …, 182

E-TCH/WFS6.60:



u(k) = d(k)



for k = 0, 1, ..., 53



u(k) = p(k-54)


for k = 54, 55, …, 59



u(k) = d(k-6)



for k = 60, 61, ..., 137

3.16.4.4
Convolutional encoder

The bits from the first encoding step (u(k)) are encoded with the recursive systematic convolutional codes as summarised below. The number of output bits after puncturing is 1344 for all codec modes.

Codec

mode


Rate
Number 

of input bits to

conv. 

coder


Number 

of output bits from

conv. 

coder


Number 

of 

punctured 

bits

E-TCH/WFS23.85
1/3
483
1467
123

E-TCH/WFS23.05
1/3
467
1419
75

E-TCH/WFS19.85
1/4
403
1636
292

E-TCH/WFS18.25
1/4
371
1508
164

E-TCH/WFS15.85
1/5
323
1645
301

E-TCH/WFS14.25
1/5
291
1485
141

E-TCH/WFS12.65
1/6
259
1590
246

E-TCH/WFS8.85
1/8
183
1512
168

E-TCH/WFS6.60
1/10
138
1440
96

Below the coding for each codec mode is specified in detail.

E-TCH/WFS23.85:

The block of 483 bits {u(0)… u(482)} is encoded with the 1/3 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1449 coded bits, {C(0)… C(1448)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k)

= u(k)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 482; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(3k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 483, 484, ..., 488


The code is punctured in such a way that the following 123 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS23.05:

The block of 467 bits {u(0)… u(466)} is encoded with the 1/3 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1401 coded bits, {C(0)… C(1400)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k)

= u(k)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 466; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(3k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(3k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(3k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 467, 468, ..., 472


The code is punctured in such a way that the following 75 coded bits:


TBA

are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS19.85:

The block of 403 bits {u(0)… u(402)} is encoded with the 1/4 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1612 coded bits, {C(0)… C(1611)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k)

= u(k)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 402; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(4k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 403, 404, ..., 408


The code is punctured in such a way that the following 292 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS18.25: 


The block of 371 bits {u(0)… u(370)} is encoded with the 1/4 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1484 coded bits, {C(0)… C(1483)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k)

= u(k)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 370; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(4k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(4k+1)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(4k+2)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(4k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 371, 372, ..., 376


The code is punctured in such a way that the following 164 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS15.85: 


The block of 323 bits {u(0)… u(322)} is encoded with the 1/5 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1615 coded bits, {C(0)... C(1614)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k)

= u(k)



C(5k+1)

= u(k)



C(5k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 322; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(5k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 323, 324, ..., 328


The code is punctured in such a way that the following 301 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS14.25: 


The block of 291 bits {u(0)… u(290)} is encoded with the 1/5 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1455 coded bits, {C(0)… C(1454)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k)

= u(k)



C(5k+1)

= u(k)



C(5k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 290; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(5k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(5k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(5k+3)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(5k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 291, 292, ..., 296


The code is punctured in such a way that the following 141 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS12.65: 


The block of 259 bits {u(0)… u(258)} is encoded with the 1/6 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1554 coded bits, {C(0)… C(1553)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(6k)

= u(k)



C(6k+1)

= u(k)



C(6k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(6k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(6k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(6k+5)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 258; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(6k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(6k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(6k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(6k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(6k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(6k+5)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 259, 260, ..., 264


The code is punctured in such a way that the following 246 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS8.85: 


The block of 183 bits {u(0)… u(182)} is encoded with the 1/8 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1464 coded bits, {C(0)… C(1463)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(8k)

= u(k)



C(8k+1)

= u(k)



C(8k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(8k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(8k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(8k+5)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(8k+6)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)



C(8k+7)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 182; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(8k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(8k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(8k+2)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(8k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(8k+4)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(8k+5)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(8k+6)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)



C(8k+7)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 183, 184, ..., 188


The code is punctured in such a way that the following 168 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

E-TCH/WFS6.60:


The block of 138 bits {u(0)... u(137)} is encoded with the 1/10 rate convolutional code defined by 
the following polynomials:



G4/G4 = 1



G4/G4 = 1



G4/G4 = 1



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6



G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G5/G4 = 1 + D + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G6/G4 = 1 + D  + D2 + D3 + D4 + D6/ 1 + D2  + D3 + D5 + D6


G7/G4 = 1 + D + D2 + D3 + D6/ 1 + D2  + D3 + D5 + D6

resulting in 1380 coded bits, {C(0)… C(1379)} defined by:



r(k)

= u(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(10k)

= u(k)



C(10k+1)

= u(k)



C(10k+2)

= u(k)



C(10k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+4)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+5)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+6)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+7)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+8)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+9)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 0, 1, ..., 137; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 0



C(10k)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(10k+1)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(10k+2)

= r(k-2) + r(k-3) + r(k-5) + r(k-6)



C(10k+3)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+4)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+5)
= r(k)+r(k-1)+r(k-4)+r(k-6)



C(10k+6)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+7)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+8)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-4)+r(k-6)



C(10k+9)
= r(k)+r(k-1)+ r(k-2)+r(k-3)+r(k-6)

for k = 138, 139, ..., 143


The code is punctured in such a way that the following 96 coded bits:


TBA


are not transmitted. The result is a block of 1344 coded and punctured bits, P(0)...P(1343) which 
are appended to the in-band bits in c as



c(k+24) = P(k)

for k = 0, 1, ..., 1343.

3.16.4.5
Interleaving

The interleaving is done as specified for the E-TCH/FS in subclause 3.1.3. The difference is that the interleving is done by symbols instead of single bits, reusing the existing interleaving tables.

3.16.4.6
Mapping on a Burst

Before mapping on a burst the interleaved bits {i(0)…i(1367)} are converted into 3-bit symbols {I(0),I(1), …,I(455)} according  to Table 1 in GSM 05.04, the symbol I(k) depends on i(3k+2), i(3k+1) and i(3k) for k=0,1,…,455. 

The E-IACCH message delivered to the encoder on every 20ms has a fixed size of 3 information bits {im(0), im(1), im(2)}. The contents of the bits are defined in GSM 05.08 for both uplink and downlink.

The E-IACCH information bits {im(n,0),im(n,1),im(n,2)} are coded into 24 bits
ib(B,k), B0 + 4n ( B < B0 + 4n + 4, k = 0,1,...5 according to the following table:

im(n,0),im(n,1),im(n,2)
ib(B0+4n,0),...,ib(B0+4n,5),..., ib(B0+4n+3,0),...,ib(B0+4n+3,5)

000
000000 000000 000000 000000

001
001111 110100 100101 110100

010
011100 010111 111001 100011

011
010011 100011 011100 010111

100
100110 011001 110110 001101

101
101001 101101 010011 111001

110
111010 001110 001111 101110

111
110101 111010 101010 011010

Before mapping on a burst the E-IACCH bits {ib(B,0)…ib(B,5)} are converted into 3-bit symbols
{HL(B),HU(B)} according  to Table 1 in GSM 05.04. The symbol HL(B) depends on ib(B,2), ib(B,1) and ib(B,0) and ,

the symbol HU(B) on ib(B,5), ib(B,4) and ib(B,3).

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 symbols, labelled HL(B) and HU(B) on burst number B are flags used for E-IACCH. 

NOTE: Tables 1 – 15 refer to the  old tables of 05.03 and are not displayed here. Only new tables to be included in the end of 05.03 are listed. The new tables from 16 – 22 are common to TCH/WFS channels so only the new tables 23 – 24 for the E-TCH/WFS and E-TCH/WHS are listed here. The tables for modes below 22.8 kbit/s are listed in the other Nokia’s contribution: S4-000463 “Nokia AMR-WB codec candidate: Channel Codec for GSM  TCH/FS (05.03)”

Table 23: Sorting of the speech encoded bits for E-TCH/WFS23.85

TBA

Table 24: Sorting of the speech encoded bits for E-TCH/WFS23.05

TBA
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