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Channel Coding for 8PSK
Associated Control Channels

1. Introduction

Several proposals for the channel coding of the associated control channels of 8PSK speech traffic channels were made in [1] [2] [3] [6] [7]. They all suggest re-using the existing polynomials [5] in order to define new convolutional codes with a constraint length of 7. However there exists a slight difference in the choice of the polynomials to repeat for the 1/6 rate.

Besides, although it was agreed to use a symbol interleaver for the FR and HR channels, there is no agreement concerning the use of a pre-mapping. While [6] suggests using a bit interleaver + a pre-mapping in order to compensate for the diversity loss, [7] favours the use of a symbol interleaver only. 

This contribution presents the link level performance of these different options in order to select the best possible choice for the channel coding of the new 8PSK associated control channels.

2. convolutional codes

Two different convolutional codes are needed for the channel coding of 8PSK associated control channels:

· Rate 1/3 for O-SACCH/TQ and O-FACCH/Q

· Rate 1/6 for O-FACCH/F and O-FACCH/H (puncturing as in [2])

A 1/3 rate convolutional code is already defined in [5] and should be reused (generator matrix G4 G7 G5). 

There is not any 1/6 rate convolutional code standardized yet (with a constraint length of 7). The following polynomials are then proposed:

· P1 = G4 G4 G5 G5 G6 G7 [2]

· P3 = G4 G5 G6 G7 G4 G6 [3]

3. Interleaving

The interleaving of the FACCH should match the interleaving of the speech since bits from both are mixed on the same bursts. Symbol interleavers were proposed in [4] for the channel coding of AMR Wide Band 8PSK speech traffic channels.

Symbol interleavers alone may perform poorer than bit interleavers since 3 consecutive coded bits are mapped onto the same symbol. A pre-mapping is therefore introduced to compensate for the diversity loss.

3.1 O-FACCH/F

O-FACCH/F is diagonally interleaved over 8 bursts as depicted below:
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Figure 1. O-FACCH/F (speech frame 2 is stolen)

3.1.1 Pre-Mapping

In order to avoid two consecutive coded bits to be mapped on the same symbol, a pre-mapping is used. The pre-mapping is a simple block interleaver: an (interleaver depth)*(segment length) matrix, which is filled in by row and read out by column.

The parameters are: 

· Segment length = 36

· Interleaver depth = 38

3.1.2 Symbol Interleaver

The interleaving is then done as specified for the TCH/FS [5]. The difference is that the interleaving is done by symbols instead of single bits, reusing the existing interleaving tables:

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*((49*k) mod 57) + ((k mod 8) div 4)

3.2 O-FACCH/H

O-FACCH/H is diagonally interleaved over 6 bursts as depicted below: 
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Figure 2. O-FACCH/H (speech frames 2 & 3 are blanked)
3.2.1 Pre-Mapping

As for the full rate, a pre-mapping is used to avoid two consecutive coded bits to be mapped on the same symbol (see 3.1.1 above).

3.2.2 Symbol Interleaver

The interleaving is then done as specified for the FACCH/H [5]. The difference is that the interleaving is done by symbols instead of single bits, reusing the existing interleaving tables:

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

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

                  
     B = B0 + 4n + (k mod 8) – 4*((k mod 8) div 6)

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

3.3 O-FACCH/Q

O-FACCH/Q is diagonally interleaved over 3 bursts as depicted in Figure 3. As for the FR and HR channels, a symbol interleaver with pre-mapping is the preferred solution. As a matter of fact it allows a common interleaver to be used for FACCH and all the AMR codec modes. Besides when optimising the interleaving for speech (including the mapping of the coded bits into symbols), it is easier and less complex to optimise different pre-mappings on top of a common symbol interleaver than having different bit interleavers to optimise separately. 
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Figure 3. O-FACCH/Q (speech frames 2 & 3 are blanked)
3.3.1 Pre-Mapping

As for the full rate and the half rate, a pre-mapping is used to avoid two consecutive coded bits to be mapped on the same symbol. The pre-mapping is a simple block interleaver: an (interleaver depth)*(segment length) matrix, which is filled in by row and read out by column.

The parameters are: 

· Segment length = 36

· Interleaver depth = 19

3.3.2 Symbol Interleaver

The interleaving is then performed by symbols according to:

i(B,j) = c(n,k) for k = 0,1,...,227

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

                  
     B = B0 + 2n + (k mod 4) – 2*((k mod 4) div 3)

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

3.4 O-SACCH/Q

O-SACCH/Q is block interleaved over 2 bursts. The straightforward solution for the SACCH is to use a bit interleaver.

The proposed bit interleaver of which performance are given in [3], is:

i(B,j) = c(n,k) for k = 0,1,...,683

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

     B = B0 + 2n + (k mod 2)

                  

      j  = 2*((163*k) mod 171) + ((k mod 4) div 2)

4. link level performance

The different polynomials and the different interleaving schemes were simulated. The following table sums up the results (fully available in Annex A).

Interleaver
Polynomials
O-FACCH



FR
HR
QR

Symbol Interleaving
with pre-mapping
P1
7.8 dB
9 dB
16.1 dB


P3
8.1 dB
9.3 dB


Symbol Interleaving
P1
8.1 dB
9.6 dB
16.6 dB


P3
8.2 dB
9.4 dB


Table 1. Link Level Performance of O-FACCH
Required C/Ico to reach 1% of BLER
The results show that:

· The pre-mapping compensates for the diversity loss efficiently.  For instance, using P1 on HR channel, the loss is reduced by 0.6dB to become null.

· Symbol interleaving with pre-mapping using P1 always perform better than when P3 is used. Indeed there is 0.3dB difference for both FR and HR channel

5. Conclusion

Several proposals for the channel coding of the associated control channels of 8PSK speech traffic channels had been made. This document presents a comparison of these. 

The interleaving of the FACCH should match the interleaving of the speech since bits from both are mixed on the same bursts. A symbol interleaver should therefore be used for O-FACCH on FR, HR and QR channels. In order to compensate for the diversity loss (three consecutive coded bits mapped on the same symbol), a pre-mapping is used.

Having regard to the performance results, it clearly appears that the combination of P1 + pre-mapping provides the best results for O-FACCH/F and O-FACCH/H.

A companion contribution [8] proposes a CR to 45.003 for the inclusion of the channels described in this document
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Annex A - Link Level Performance
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