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1 Introduction

In this contribution, channel coding schemes for all the 8PSK AMR modes for Half rate optimized bearer are presented. Performance results for 8PSK AMR (FS) on a half rate channel (TCH-8PSK/AFS/HRC) are presented for two different coding schemes, one with recursive systematic code and the other with a nonsystematic code.  The performance is evaluated by FER, RBER and Class 1B BER as a function of the bit number.

2 Channel coding

Channel coding for all the AMR eight modes is designed following the rules stated below:

· Uniform protection is provided to all the Class 1A bits

· Class 1B bits are protected based on the order of importance, i.e., the initial bits are given more protection than the last bits.

· Class 1A bits are placed in the first two bit positions in the 8PSK symbol

· Symbols consisting of the Class 1A bits are placed near to the TS, immediately after the SB

The 696 (116*3*2) payload bits (including SB) are segregated into SBs, Reserved bits, inband coding bits and speech bits. In the wake of inconclusive discussion on the SBs, we are not specific about the SB and RSVD fields. The inband bits coded into 12 bits.

Coded In-Band bits 

12

SBs + RSVD bits 

24

Coded Speech bits

660

Exact number of bits used for the Inband signalling SBs and RSVD bits are for FFS.

3 AMR Full Rate Speech (AFS)

AMR Full Rate Speech (AFS) with 8PSK Half Rate Channel (TCH-8PSK/AFS/HRC) uses the same speech bit classification as defined in GSM 05.03 Section 3.9.4.2. Appendix A shows the bit classification and the CRC computation.

4 Convolutional encoder

The speech bits, u(k), are encoded with the recursive systematic/ nonsystematic convolutional codes as summarized 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

TCH/AFS12.2
1/3
250
750
108

TCH/AFS10.2
1/4
210
840
204

TCH/AFS7.95
1/4
165
660
24

TCH/AFS7.4
1/5
154
770
140

TCH/AFS6.7
1/5
140
700
70

TCH/AFS5.9
1/6
124
744
120

TCH/AFS5.15
1/6
109
654
30

TCH/AFS4.75
1/7
101
707
89

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

4.1 TCH/AFS12.2

4.1.1 TYPE-1: Recursive systematic convolutional code

The block of 250 bits {u(0)… u(249)} is encoded with the 1/3 rate convolutional code defined by the following polynomials:

G4/G6

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

G5/G6 
= 
1 + D + D4+ D6 / 1 + D + D2 + D3 + D4 + D6

G6/G6 
= 
1
resulting in 750 coded bits, {C(0)… C(749)} defined by:

r(k) 

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



C(3k)

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




for k = 0, 1, ..., 249

and for the termination of the coder 

r(k) 

= 
0

C(3k)

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


4.1.2 TYPE-2: Nonsystematic convolutional code

The block of 250 bits {u(0)… u(249)} is encoded with the 1/2 rate convolutional code defined by the following polynomials:



G4 

=
 1 + D2 + D3+ D5+ D6



G5 

= 
1 + D + D4+ D6

G6

 = 
1 + D + D2 + D3+ D4+ D6

resulting in 750 coded bits, {C(0)… C(749)} 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-4) + u(k-6)

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

for k = 0, 1, ..., 249

and for the termination of the coder {u(251), u(251), u(252), u(253), u(254), u(255)} is set to {0, 0, 0, 0, 0, 0}. 

4.1.3 Puncturing

The 768 coded bits are punctured in such a way that the following 108 coded bits:

3(10i+5)+2 

for i = 0, 1, …, 15

3(164+i)+2 

for i=0, 1, …, 91

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which 
are appended to the in-band bits in c as

c(k+12) 
= 
P(k)

for k = 0, 1, ..., 659.

4.2 TCH/AFS10.2

4.2.1 TYPE-1: Recursive systematic convolutional code

The block of 210 bits {u(0)... u(209)} is encoded with the 1/4 rate convolutional code defined by the following polynomials:

G4/G6

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

G5/G6 
= 
1 + D + D4+ D6 / 1 + D + D2 + D3 + D4+ D6

G6/G6

 = 
1
G7/G6 
= 
1 + D + D2 + D3 + D6 / 1 + D + D2 + D3 + D4+ D6

resulting in 840 coded bits, {C(0)... C(839)} defined by:



r(k)

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



C(4k)

= 
r(k) + 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 = 0, 1, ..., 209

and (for termination of the coder):



r(k)

= 
0



C(4k)

= 
r(k) + 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 = 210, 211, ..., 215

4.2.2 TYPE-2: Nonsystematic convolutional code

The block of 210 bits {u(0)... u(209)} is encoded with the 1/4 rate convolutional code defined by the following polynomials:

G4 

= 
1 + D2 + D3+ D5+ D6 

G5 

= 
1 + D + D4+ D6 

G6

= 
1 + D + D2 + D3 + D4+ D6

G7 

= 
1 + D + D2 + D3 + D6 
resulting in 840 coded bits, {C(0)... C(839)} defined by:



C(4k)

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



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



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

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





for k = 0, 1, ..., 209

and (for termination of the coder):



u(k)

= 
0



C(4k)

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



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



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

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

for k = 210, 211, ..., 215

4.2.3 Puncturing

The code is punctured in such a way that the following 204 bits:

4(2i+8)+3

 
for i = 0, 1, …, 31

4(5i+85)+2 

for i = 0, 1, …,26

4(i+75)+3 

for i=0, 1, …,144

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which are appended to the in-band bits in c as:



c(k+12) = P(k)

for k = 0, 1, ..., 659.

4.3 TCH/AFS7.95

4.3.1 TYPE-1: Recursive systematic convolutional code

The block of 165 bits {u(0)… u(164)} is encoded with the 1/4 rate convolutional code defined by the following polynomials:



G4/G6

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

G5/G6

 = 
1 + D + D4+ D6 / 1 + D + D2 + D3 + D4+ D6

G6/G6 
= 
1
G7/G6

= 
1 + D + D2 + D3 + D6 / 1 + D + D2 + D3 + D4+ D6

resulting in 660 coded bits, {C(0)... C(659)} defined by:



r(k)

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



C(4k)

= 
r(k) + 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 = 0, 1, ..., 164

and (for termination of the coder):



r(k)

= 
0



C(4k)

= 
r(k) + 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 = 165, 166, ..., 170

4.3.2 TYPE-2: Nonsystematic convolutional code

The block of 165 bits {u(0)… u(164)} is encoded with the 1/4 rate convolutional code defined by the following polynomials:



G4 

= 
1 + D2 + D3+ D5+ D6 

G5

 = 
1 + D + D4+ D6 

G6

= 
1 + D + D2 + D3 + D4+ D6

G7 

= 
1 + D + D2 + D3 + D6

resulting in 660 coded bits, {C(0)... C(659)} defined by:



C(4k)

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



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



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

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





for k = 0, 1, ..., 164

and (for termination of the coder):



u(k)

= 
0



C(4k)

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



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



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

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

for k = 165, 166, ..., 170

4.3.3 Puncturing

The code is punctured in such a way that the following 24 coded bits:

4(10i+10)+3 

for i=0,…,8

4(5i+100)+3 

for i=0,…,14

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which are appended to the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 659.

4.4 TCH/AFS7.4 

4.4.1 TYPE-1: Recursive systematic convolutional code

The block of 154 bits {u(0)... u(153)} is encoded with the 1/5 rate convolutional code defined by the following polynomials:



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

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



G5/G6

 = 
1 + D + D4+ D6 / 1 + D +D2 + D3 + D4+ D6

G6/G6 
= 
1

G7/G6 
= 
1 + D +D2 + D3 + D6 / 1 + D +D2 + D3 + D4+ D6

resulting in 474 coded bits, {C(0)... C(473)} defined by:



r(k)

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



C(5k)

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



C(5k+1)
= 
r(k) + 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 = 0, 1, ..., 153

and (for termination of the coder):



r(k)

= 
0

C(5k)

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



C(5k+1)
= 
r(k) + 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 = 154, 155, ..., 159

4.4.2 TYPE-2: Nonsystematic convolutional code

The block of 154 bits {u(0)... u(153)} is encoded with the 1/5 rate convolutional code defined by the following polynomials:



G4

= 
1 + D2 + D3+ D5+ D6

G4 

= 
1 + D2 + D3+ D5+ D6



G5 

= 
1 + D + D4+ D6

G6 

= 
1 + D +D2 + D3 + D4+ D6

G7 

= 
1 + D +D2 + D3 + D6

resulting in 474 coded bits, {C(0)... C(473)} defined by:



C(5k)

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



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



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


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

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




for k = 0, 1, ..., 153

and (for termination of the coder):



u(k)

= 
0

C(5k)

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



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



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


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

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



for k = 154, 155, ..., 159

4.4.3 Puncturing

The code is punctured in such a way that the following 140 bits:

5(2*i+4) 

for 

i=0,…,32

5(8i+71)+3 
for

i=0,…,13

5(i+67)+4 
for 

i=0,…,92


are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which 
are appended to the in-band bits in c as:



c(k+12) = P(k)

for 

k = 0, 1, ..., 659.

4.5 TCH/AFS6.7

4.5.1 TYPE-1: Recursive systematic convolutional code


The block of 140 bits {u(0)… u(139)} is encoded with the 1/5 rate convolutional code defined by 
the following polynomials:



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

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



G5/G6 
= 
1 + D + D4+ D6 / 1 + D +D2 + D3 + D4+ D6

G6/G6
 
= 
1

G7/G6 
= 
1 + D +D2 + D3 + D6 / 1 + D +D2 + D3 + D4+ D6

resulting in 700 coded bits, {C(0)... C(699)} defined by:



r(k)

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



C(5k)

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



C(5k+1)
= 
r(k) + 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 = 0, 1, ..., 139

and (for termination of the coder):



r(k)

= 
0

C(5k)

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



C(5k+1)
= 
r(k) + 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 = 140, 141, ..., 145

4.5.2 TYPE-2: Nonsystematic convolutional code

The block of 140 bits {u(0)... u(139)} is encoded with the 1/5 rate convolutional code defined by the following polynomials:



G4 

= 
1 + D2 + D3+ D5+ D6

G4 

= 
1 + D2 + D3+ D5+ D6


G5 

= 
1 + D + D4+ D6
G6 

= 
1 + D +D2 + D3 + D4+ D6

G7 

= 
1 + D +D2 + D3 + D6

resulting in 700 coded bits, {C(0)... C(699)} defined by:



C(5k)

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



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



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


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

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




for k = 0, 1, ..., 139

and (for termination of the coder):



u(k)

= 
0

C(5k)

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



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



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


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

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

for k = 140, 141, ..., 145

4.5.3 Puncturing

The code is punctured in such a way that the following 70 coded bits:

5(15*i)+4 
for i=0,…,4

5(i+80)+4 
for i=0,…,64

are not transmitted. The result is a block of 660 coded bits, P(0)...P(659) which are appended to 
the in-band bits in c as



c(k+12) = P(k)

for k = 0, 1, ..., 659.

4.6 TCH/AFS5.9

4.6.1 TYPE-1: Recursive systematic convolutional code


The block of 124 bits {u(0)… u(123)} is encoded with the 1/6 rate convolutional code defined by the following polynomials:



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

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



G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G6/G6 
= 
1

G7/G6 
= 
1 + D+D2 + D3 + D6 / 1 + D+D2 + D3+ D4+ D6

resulting in 744 coded bits, {C(0)… C(743)} defined by:



r(k)

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



C(6k)

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



C(6k+1)
= 
r(k) + 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 = 0, 1, ..., 123; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 
0



C(6k)

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



C(6k+1)
= 
r(k) + 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 = 124, 125, ..., 129

4.6.2 TYPE-2: Nonsystematic convolutional code


The block of 124 bits {u(0)… u(123)} is encoded with the 1/6 rate convolutional code defined by the following polynomials:



G4

= 
1 + D2 + D3+ D5+ D6 

G4 

= 
1 + D2 + D3+ D5+ D6 



G5 

= 
1 + D + D4+ D6 

G5 

= 
1 + D + D4+ D6

G6 

= 
1 + D+D2 + D3+ D4+ D6

G7 

= 
1 + D+D2 + D3 + D6 


resulting in 744 coded bits, {C(0)… C(743)} defined by:



C(6k)

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



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



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



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



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



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



for k = 0, 1, ..., 123;

and (for termination of the coder):



u(k)

=
0



C(6k)

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



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



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



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



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



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

for k = 124, 125, ..., 129

4.6.3 Puncturing

The code is punctured in such a way that the following 120 coded bits:

6(2I)+5 


for 

i=0,…,25

6(4i+65)+4 

for

i=0,…,16

6(i+53)+5 

for

i=0,…,76

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which are appended to the in-band bits in c as



c(12+k) = P(k)

for k = 0, 1, ..., 659.

4.7 TCH/AFS5.15

4.7.1 TYPE-1: Recursive systematic convolutional code


The block of 109 bits {u(0)… u(108)} is encoded with the 1/6 rate convolutional code defined by 
the following polynomials:



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

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



G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G6/G6
 
= 
1

G7/G6 
= 
1 + D+D2 + D3 + D6 / 1 + D+D2 + D3+ D4+ D6

resulting in 654 coded bits, {C(0)… C(653)} defined by:



r(k)

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



C(6k)

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



C(6k+1)
= 
r(k) + 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 = 0, 1, ..., 108; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 
0



C(6k)

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



C(6k+1)
= 
r(k) + 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 = 109, 110, ..., 114

4.7.2 TYPE-2: Nonsystematic convolutional code


The block of 109 bits {u(0)… u(108)} is encoded with the 1/6 rate convolutional code defined by the following polynomials:



G4 

=
1 + D2 + D3+ D5+ D6 

G4

 = 
1 + D2 + D3+ D5+ D6 



G5 

= 
1 + D + D4+ D6 

G5 

= 
1 + D + D4+ D6

G6 

= 
1 + D+D2 + D3+ D4+ D6

G7 

=
1 + D+D2 + D3 + D6 


resulting in 654 coded bits, {C(0)… C(653)} defined by:



C(6k)

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



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



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



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



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



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



for k = 0, 1, ..., 108;

and (for termination of the coder):



u(k)

= 
0



C(6k)

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



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



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



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



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



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

for k = 109, 110, ..., 114

4.7.3 Puncturing

The code is punctured in such a way that the following 30 coded bits:

6(4i+2)+5 


for

 i= 0, …, 13

6(4i+57)+5 


for

i=0, …, 14

and 5(4*15+58)+5

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which 
are appended to the in-band bits in c as



c(12+k) = P(k)

for k = 0, 1, ..., 659.

4.8 TCH/AFS4.75

4.8.1 TYPE-1: Recursive systematic convolutional code


The block of 101 bits {u(0)... u(100)} is encoded with the 1/7 rate convolutional code defined by the following polynomials:



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

G4/G6

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



G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G5/G6 
= 
1 + D + D4+ D6 / 1 + D+D2 + D3+ D4+ D6

G6/G6 
= 
1

G6/G6 
= 
1

G7/G6 
= 
1 + D+D2 + D3 + D6 / 1 + D+D2 + D3+ D4+ D6

resulting in 707 coded bits, {C(0)… C(706)} defined by:



r(k)

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



C(7k)

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



C(7k+1)
= 
r(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



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



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



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



C(7k+5)
= 
r(k) + r(k-1) + r(k-2) + r(k-3) + r(k-4) + r(k-6)



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



for k = 0, 1, ..., 100; r(k) = 0 for k<0


and (for termination of the coder):



r(k)

= 
0



C(7k)

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



C(7k+1)
= 
r(k) + r(k-2) + r(k-3) + r(k-5) + r(k-6)



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



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



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



C(7k+5)
= 
r(k) + r(k-1) + r(k-2) + r(k-3) + r(k-4) + r(k-6)



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



for k = 101, 102, ..., 106

4.8.2 TYPE-2: Nonsystematic convolutional code


The block of 101 bits {u(0)... u(100)} is encoded with the 1/7 rate convolutional code defined by the following polynomials:



G4 

= 
1 + D2 + D3+ D5+ D6
G4 

= 
1 + D2 + D3+ D5+ D6 



G5 

= 
1 + D + D4+ D6 

G5

= 
1 + D + D4+ D6 

G6 

=
1 + D+D2 + D3+ D4+ D6

G6 

= 
1 + D+D2 + D3+ D4+ D6

G7 

= 
1 + D+D2 + D3 + D6 


resulting in 707 coded bits, {C(0)… C(706)} defined by:



C(7k)

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



C(7k+1)
= 
u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6)



C(7k+2)
= 
u(k) + u(k-1) + u(k-4) + u(k-6)



C(7k+3)
= 
u(k) + u(k-1) + u(k-4) + u(k-6)



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



C(7k+5)
= 
u(k) + u(k-1) + u(k-2) + u(k-3) + u(k-4) + u(k-6)



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



for k = 0, 1, ..., 100;


and (for termination of the coder):



u(k)

= 
0



C(7k)

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



C(7k+1)
= 
u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6)



C(7k+2)
= 
u(k) + u(k-1) + u(k-4) + u(k-6)



C(7k+3)
= 
u(k) + u(k-1) + u(k-4) + u(k-6)



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



C(7k+5)
= 
u(k) + u(k-1) + u(k-2) + u(k-3) + u(k-4) + u(k-6)



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



for k = 101, 102, ..., 106

4.8.3 Puncturing

The code is punctured in such a way that the following 89 coded bits:

7(3i+2)+6 
for

i=0, .., 14

7(5i+51)+5 
for

i=0, …, 11

7(i+45)+6 
for

i=0, …, 61

are not transmitted. The result is a block of 660 coded and punctured bits, P(0)...P(659) which are appended to the inband bits in c as



c(12+k) = P(k)

for k = 0, 1, ..., 659.

5 Interleaving

The coded bits c(k) are divided into two parts c1(k) and c2(k) as follows:

C1(k) 

= 
c(k)
for k=0, 1, …, 343

C2(k)
=
c(k+344)
for k=0, 1, …, 327

The first 344 bits, C1(k), are interleaved using the following formula:

I1(B,j) = C1(n,k) for k=0, 1, …, 343

b = 2 mod(k,2) + mod(k,4) / 2

j = 2 mod(39k, 43) + mod(k,8) / 4

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

B = B0 + 2n + b

The next 328 bits, C2(k), are interleaved using the following formula:

I2(B,j) = c2(n,k) for k = 0, 1, …, 327;

b = 2 mod(k,2) + mod(k,4) / 2

j = 2 mod(37k, 41) + mod(k,8) / 4

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




B = B0 + 2n + b

The values of b and j in dependence of k are given by Appendix B.

6 Symbol Mapping
The interleaved bit streams are rearranged in following order to always keep the Class 1A bits in the first two bit positions of the 8PSK symbol. Always the third bit carries class1B bit.

S1(B,3j) 

=
I1(B,2j)

S1(B,3j+1) 
=
I1(B,2j+1)

S1(B,3j+2)
=
I2(B,j)






for 

j=0, 1, …, 42

S2(B,j)

=
I2(B,j+43)




for 

j=0, 1, …, 38

The resulting bit streams are combined into S in the following way:

S(B,j)


= 
S2(B,j)


for 
j=0, 1, …, 20

S(B,j+7)

=
S1(B,j)


for
j=0, 1, …, 42

S(B,j+50)

=
S2(B,j+21)

for
j=0, 1, …, 17

S is mapped into 8PSK symbols by pairing 3 bits at a time as follows:

Sm(B,j) 

= 
{S(B,3*j), S(B,3*j+1), S(B,3*j+2)}   

for  
j = 0, 1, …, 55

7 Mapping on a Burst

The result of the interleaving and symbol mapping is a distribution of the reordered 224 symbols of a given data block, n = N, over 4 blocks using the even numbered symbols of the first 2 blocks (B = B0+2N+0,1) and the odd numbered symbols of the last 2 blocks (B = B0+2N+2,3). The reordered symbols of the following data block, n = N + 1, use the even numbered symbols of the blocks B = B0 + 2N + 2,3 (B = B0+2(N+1)+0,1) and the odd numbered symbols of the blocks B = B0 + 2(N+1) + 2,3. Continuing with the next data blocks shows that one block always carries 56 symbols of data from one data block (n = N) and 57 symbols from the next block (n = N+1), where the symbols from the data block with the higher number always are the even numbered data symbols, and those of the data block with the lower number are the odd numbered symbols.


8 Simulation Results

All the simulation results are for TU3, ideal frequency hopping case. We used 1000 speech frames in the simulations. Fig. 1(a) – Fig. 1(h) show the Class 1A FER for 8PSK TCH/AFS/HRC for all the AMR modes. All these results indicate that the performance with a nonsystematic convolutional code is better than that with a recursive systematic code. Fig. 2(a) – Fig. 2(h) show the Class 1B RBER performance for all the modes. Fig. 3(a) – Fig. 3(h) show the Class 1B RBER performance as a function of bit position for non-systematic convolutional coding scenarios. These results show that the BER performance progressively degrades as a function of the bit index.
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9 Conclusions and Recommendations

Simulation results show that the non-systematic codes proposed in this contribution are superior to recursive systematic convolutional codes.  A complete coding, puncturing, interleaving, bit to symbol mapping, and burst mapping scheme has been proposed for all of the 8-PSK half-rate AMR speech codec modes.  The recommendation is to review and reach a consensus regarding the choice of non-systematic codes for 8-PSK AMR half-rate optimized voice bearers vs. recursive systematic convolutional codes.

Appendix A 

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

A.1
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)

TCH/AFS12.2 
244
81
250

TCH/AFS10.2
204
65
210

TCH/AFS7.95 
159
75
165

TCH/AFS7.4 
148
61
154

TCH/AFS6.7 
134
55
140

TCH/AFS5.9 
118
55
124

TCH/AFS5.15 
103
49
109

TCH/AFS4.75
95
39
101

A.2
CRC Computation

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:

TCH/AFS12.2: 



u(k) = d(k)



for k = 0, 1, …, 80



u(k) = p(k-81)


for k = 81, 82, …, 86



u(k) = d(k-6)



for k = 87, 88, …, 249

TCH/AFS10.2:



u(k) = d(k)



for k = 0, 1, ..., 64



u(k) = p(k-65)


for k = 65, 66, ..., 70



u(k) = d(k-6)



for k = 71, 72, ..., 209

TCH/AFS7.95: 



u(k) = d(k)



for k = 0, 1, …, 74



u(k) = p(k-75)


for k = 75, 76, …, 80



u(k) = d(k-6)



for k = 81, 82, …, 164

TCH/AFS7.4: 



u(k) = d(k)



for k = 0, 1, …, 60



u(k) = p(k-61)


for k = 61, 62, …, 66



u(k) = d(k-6)



for k = 67, 68, …, 153

TCH/AFS6.7: 



u(k) = d(k)



for k = 0, 1, …, 54



u(k) = p(k-55)


for k = 55, 56, …, 60



u(k) = d(k-6)



for k = 61, 62, …, 139

TCH/AFS5.9: 



u(k) = d(k)



for k = 0, 1, …, 54



u(k) = p(k-55)


for k = 55, 56, …, 60



u(k) = d(k-6)



for k = 61, 62, …, 123

TCH/AFS5.15: 



u(k) = d(k)



for k = 0, 1, …, 48



u(k) = p(k-49)


for k = 49, 50, …, 54



u(k) = d(k-6)



for k = 55, 56, …, 108

TCH/AFS4.75:



u(k) = d(k)



for k = 0, 1, ..., 38



u(k) = p(k-39)


for k = 39, 40, ..., 44



u(k) = d(k-6)



for k = 45, 46, ..., 100

APPENDIX B

Table B1. Interleaving matrix for the first 344 speech bits

for 8-PSK TCH/AFR/HRC.

b=
0
1
2
3


j=0
k=0
258
129
43


1
172
86
301
215


2
32
290
161
75


3
204
118
333
247


4
64
322
193
107


5
236
150
21
279


6
96
10
225
139


7
268
182
53
311


8
128
42
257
171


9
300
214
85
343


10
160
74
289
203


11
332
246
117
31


12
192
106
321
235


13
20
278
149
63


14
224
138
9
267


15
52
310
181
95


16
256
170
41
299


17
84
342
213
127


18
288
202
73
331


19
116
30
245
159


20
320
234
105
19


21
148
62
277
191


22
8
266
137
51


23
180
94
309
223


24
40
298
169
83


25
212
126
341
255


26
72
330
201
115


27
244
158
29
287


28
104
18
233
147


29
276
190
61
319


30
136
50
265
179


31
308
222
93
7


32
168
82
297
211


33
340
254
125
39


34
200
114
329
243


35
28
286
157
71


36
232
146
17
275


37
60
318
189
103


38
264
178
49
307


39
92
6
221
135


40
296
210
81
339


41
124
38
253
167


42
328
242
113
27


43
156
70
285
199


44
16
274
145
59


45
188
102
317
231


46
48
306
177
91


47
220
134
5
263


48
80
338
209
123


49
252
166
37
295


50
112
26
241
155


51
284
198
69
327


52
144
58
273
187


53
316
230
101
15


54
176
90
305
219


55
4
262
133
47


56
208
122
337
251


57
36
294
165
79


58
240
154
25
283


59
68
326
197
111


60
272
186
57
315


61
100
14
229
143


62
304
218
89
3


63
132
46
261
175


64
336
250
121
35


65
164
78
293
207


66
24
282
153
67


67
196
110
325
239


68
56
314
185
99


69
228
142
13
271


70
88
2
217
131


71
260
174
45
303


72
120
34
249
163


73
292
206
77
335


74
152
66
281
195


75
324
238
109
23


76
184
98
313
227


77
12
270
141
55


78
216
130
1
259


79
44
302
173
87


80
248
162
33
291


81
76
334
205
119


82
280
194
65
323


83
108
22
237
151


84
312
226
97
11


85
140
54
269
183























Table B2. Interleaving matrix for the second 324 speech bits

for 8-PSK TCH/AFR/HRC.











b=
0
1
2
3


j=0
k=0
82
41
123


1
164
246
205
287


2
256
10
297
51


3
92
174
133
215


4
184
266
225
307


5
20
102
61
143


6
112
194
153
235


7
276
30
317
71


8
40
122
81
163


9
204
286
245
327


10
296
50
9
91


11
132
214
173
255


12
224
306
265
19


13
60
142
101
183


14
152
234
193
275


15
316
70
29
111


16
80
162
121
203


17
244
326
285
39


18
8
90
49
131


19
172
254
213
295


20
264
18
305
59


21
100
182
141
223


22
192
274
233
315


23
28
110
69
151


24
120
202
161
243


25
284
38
325
79


26
48
130
89
171


27
212
294
253
7


28
304
58
17
99


29
140
222
181
263


30
232
314
273
27


31
68
150
109
191


32
160
242
201
283


33
324
78
37
119


34
88
170
129
211


35
252
6
293
47


36
16
98
57
139


37
180
262
221
303


38
272
26
313
67


39
108
190
149
231


40
200
282
241
323


41
36
118
77
159


42
128
210
169
251


43
292
46
5
87


44
56
138
97
179


45
220
302
261
15


46
312
66
25
107


47
148
230
189
271


48
240
322
281
35


49
76
158
117
199


50
168
250
209
291


51
4
86
45
127


52
96
178
137
219


53
260
14
301
55


54
24
106
65
147


55
188
270
229
311


56
280
34
321
75


57
116
198
157
239


58
208
290
249
3


59
44
126
85
167


60
136
218
177
259


61
300
54
13
95


62
64
146
105
187


63
228
310
269
23


64
320
74
33
115


65
156
238
197
279


66
248
2
289
43


67
84
166
125
207


68
176
258
217
299


69
12
94
53
135


70
104
186
145
227


71
268
22
309
63


72
32
114
73
155


73
196
278
237
319


74
288
42
1
83


75
124
206
165
247


76
216
298
257
11


77
52
134
93
175


78
144
226
185
267


79
308
62
21
103


80
72
154
113
195


81
236
318
277
31
















































































































































































































































































































































































� This expression is equivalent to writing as C(3k+2) 	= 	u(k) 
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