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Channel Coding for 8PSK
Associated Control Channels

1. Introduction

A proposal for the channel coding of the associated control channels of 8PSK speech traffic channels was made in [1]. The purpose of this document is to study the link level performance of several polynomials and interleaving alternatives in order to select the best possible choice.

2. Interleaving

In [1] the proposed interleaving uses an ordering parameter of 49, while in [2] it is proposed to uses an ordering parameter of 163. 

2.1 O-FACCH/F

O-FACCH/F is diagonally interleaved over 8 bursts (see Figure 1). The two possible interleavers are therefore:

· i(B,j) = c(n,k) for 
k = 0,1,...,1367

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

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

                  
j  = 2*((163*k) mod 171) + ((k mod 8) div 4)

· i(B,j) = c(n,k) for 
k = 0,1,...,1367

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

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

                  
j  = 2*((49*k) mod 171) + ((k mod 8) div 4)
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Figure 1. O-FACCH/F (speech frame 2 is stolen)
2.2 O-FACCH/H

O-FACCH/H is diagonally interleaved over 6 bursts (see Figure 2). The two possible interleavers are therefore:

· i(B,j) = c(n,k) for 
k = 0,1,...,1367

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

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

                  
j  = 2*((163*k) mod 171) + ((k mod 8) div 4)

· i(B,j) = c(n,k) for 
k = 0,1,...,1367

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

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

                  
j  = 2*((49*k) mod 171) + ((k mod 8) div 4)
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Figure 2. O-FACCH/H (speech frames 2 & 3 are blanked)
2.3 O-FACCH/Q

O-FACCH/Q is diagonally interleaved over 3 bursts (see Figure 2). The two possible interleavers are therefore:

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

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

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

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

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

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

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

                  
j  = 2*((49*k) mod 171) + ((k mod 4) div 2)
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Figure 3. O-FACCH/Q (speech frames 2 & 3 are blanked)
2.4 O-SACCH/Q

O-SACCH/Q is block interleaved over 2 bursts. The two possible interleavers are therefore:

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

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

                  
B = B0 + 4n + (k mod 2)

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

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

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

                  
B = B0 + 4n + (k mod 2)

                  
j  = 2*((49*k) mod 171) + ((k mod 4) div 2)

3. 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

A 1/3 rate convolutional code is already defined in [3] 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

· P2 = 
1+D+D2+D3+D5+D6 

1+D+D2+D5+D6

1+D+D3+D6 

1+D2+D3+D4+D5+D6 

1+D2+D3+D4+D6 

1+D2+D3+D4+D6 [1]

· P3 = G4 G5 G6 G7 G4 G6 

Note that P2 and P3 both have optimum free distance. Consequently they are optimal in a white gaussian noise channel. However they may not be optimal anymore for more realistic channels (fading multipath). Besides P2 do not reuse existing polynomials

4. link level performance

The different polynomials and the different interleaving schemes were simulated. The following tables sum up the results (available in Annex A).

4.1 O-FACCH/F

For the channel coding of O-FACCH/F it appears that P1 performs better than P2 and P3. . The difference between the two different ordering parameters is not important (0.2dB).

	Ordering Parameter
	Convolutional Code (set of polynomials)

	
	P1
	P2
	P3

	163
	7.7 dB
	7.8 dB
	7.9 dB

	49
	7.5 dB
	7.9 dB
	8.0 dB


Table 1. C/Ico requirement for 1% FER on O-FACCH/F 
4.2 O-FACCH/H

For the channel coding of O-FACCH/F it appears that both P1 and P2 perform better than P3. However since P2 does not include existing polynomials, P1 is preferred. The difference between the two different ordering parameters is negligible (0.1dB).

	Ordering Param.
	Convolutional Code (set of polynomials)

	
	P1
	P2
	P3

	163
	8.9 dB
	9.0 dB
	9.1 dB

	49
	9.0 dB
	8.9 dB
	9.1 dB


Table 2. C/Ico requirement for 1% FER on O-FACCH/H 
4.3 O-FACCH/Q

The difference between the two different ordering parameters is negligible (0.1dB).

	Ordering Parameter
	C/Ico @ 1% BLER

	163
	16.2 dB

	49
	16.3 dB


Table 3. C/Ico requirement for 1% FER on O-FACCH/Q
4.4 O-SACCH/TQ

The difference between the two different ordering parameters is negligible (0.1dB).

	Ordering Parameter
	C/Ico @ 1% BLER

	163
	18.3 dB

	49
	18.4 dB


Table 4. C/Ico requirement for 1% FER on O-SACCH/TQ
5. Conclusion

This contribution has evaluated different polynomials and different interleaving for the channel coding of the 8PSK associated control channels.

From the link level results, it appears that FACCH/F and FACCH/H should use P1 (G4 G4 G5 G5 G6 G7) rather than P2 and P3 for optimal results.

Concerning the interleaving of the 8PSK associated control channels, two different ordering parameters were studied. The difference between both is negligible. Therefore there is no preference from a link level point of view. However from a complexity point of view, the interleaver should be as close as possible to the one, which is going to be designed for speech. 

6. references

[1] 3GPP TSG GERAN #2, TDoc GP-000602, Control Channels for 8PSK Speech, Ericsson, 6-10 November 2000, Norrtälje, Sweden
[2] ETSI SMG2#36, Tdoc 2-001104, FACCH for 8PSK voice bearers, Nokia, 22-26 May 2000, Biarritz, France
[3] Digital cellular telecommunications system (Phase 2+), Channel coding (GSM 05.03 version 8.5.0 Release 1999).
Annex A - Link Level Performance
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