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Coding and Interleaving Proposal for O-FACCH/F and 
O-FACCH/H

1 Introduction

It has been agreed that 8PSK modulation should be used for the FACCH channels associated with 8PSK half rate and full rate speech. The remaining issues to decide upon are coding and interleaving. Regarding the interleaving it has been decided that for the full rate fast associated control channel, diagonal interleaving over 8 bursts shall be used and for the half rate fast associated control channel, diagonal interleaving over 6 bursts shall be used. Furthermore, the interleaving of the control channel has to match the interleaving of the corresponding speech channel since these channels will be mixed on the same bursts.

At the TSG GERAN Adhoc #3 in Orlando it was decided to use symbol interleaving as an working assumption. All coding proposals in this document therefore use symbol interleaving.

2 Proposal

In this section the new 8PSK FACCH proposal is shown in detail. The performance is compared with the coding polynomial from [5] and with AMR4.75 performance.

2.1 Interleaving

The full rate 8PSK speech channel will use diagonal symbolinterleaving over 8 half bursts [2]. This interleaving is similar to the GMSK full rate speech/FACCH interleaving, except that for the 8PSK channel symbols are interleaved instead of bits, i.e., the 8PSK symbols are interleaved according to TCH/AFS, TCH/FS, and TCH/EFS. This implies that O-FACCH/F has to be interleaved in the same manner. The same applies for the half rate channels, i.e., O-FACCH/H has to be done as in FACCH/H but over symbols instead of bits.

· Full rate O-FACCH interleaver:

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

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

· Half rate O-FACCH interleaver:

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

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

Interleaving is applied to symbols, not bits for both cases. 

2.2 Coding

Several different convolutional codes have been proposed to be used for O-FACCH/F and O-FACCH/H. 

In [4] Ericsson compared two polynomials, P2 and P3 below (there called Gold and G05.03 respectively). Nokia compared all three polynomials P1, P2 and P3 in [5]. P1 and P3 are constructed with polynomials already in the standard. All codes have memory, m=6.

· P105.03=(1+D2+D3+D5+D6  1+D2+D3+D5+D6  1+D+D4+D6 1+D+D4+D6 1+D+D2+D3+D4+D6  1+D+D2+D3+D6).

· 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).

· P305.03=(1+D2+D3+D5+D6  1+D+D4+D6  1+D+D2+D3+D4+D6  1+D+D2+D3+D6  1+D2+D3+D5+D6  1+D+D2+D3+D4+D6).

In Tables 1 and 2 the required C/I to reach 1% FER are shown for the three codes for O-FACCH/F and O-FACCH/H. There is no significant performance difference between P2 and P3, but P1 is 0.1 to 0.3 dB worse. Therefore we propose to use P3. The code P3 has optimum free distance (dfree=30) for a rate r=1/6, memory m=6 convolutional code. 

O-FACCH/F
C/I at 1% BLER

P105.03
7.7 dB

P2
7.6 dB

P305.03
7.6 dB

Table 1. Performance comparison between the three m=6 convolutional codes for 
O-FACCH/F, symbolinterleaving.

O-FACCH/H
C/I at 1% BLER

P105.03
8.9 dB

P2
8.7 dB

P305.03
8.6 dB

Table 2. Performance comparison between the three m=6 convolutional codes for 
O-FACCH/H, symbolinterleaving.

2.3 Puncturing

Twelve bits are punctured from the encoded blocks to fit the blocks into the eight and six bursts respectively. The puncturing is done such that bits ic(21+k*114) for k=0,1,..,11 are not transmitted from the encoded block ic(0), ic(1),…, ic(1379).

3 Performance

The 8PSK modulated FACCH channels have been simulated and the performance is compared with the corresponding speech channel.

Simulations are also done for the GMSK modulated control channels for reference and to be able to compare the relative performance between control channels and speech channels. All simulation are done on the TU3 channel with co-channel interference with ideal frequency hopping. There are no implementation impairments added in the receiver. The speech channel simulations are done on a simulator different from the one used for control channels. However, the performance difference is at most 1-2 dB with the speech channel simulator being the better one. Thus, the tendencies in the simulations can be compared but not the absolute numbers.

Table 3 summarizes the required performance to reach 1% frame error rate for the control channel FACCH associated with 8PSK modulated speech channels. Table 4 summarizes the reference values for the GMSK modulated channels. Tables 5 and 6 summarizes the frame error rate of the fast associated control channel at the C/I required for speech to reach 1% frame error rate.

C/I required to reach 1% BLER
O-FACCH

(P3)
Speech, AMR4.75

Full rate, 8PSK
7.6 dB
No result

Half rate, 8PSK
8.6 dB
8.0 dB

Table 3. Required C/I to reach 1% frame error rate for FACCH and speech channel for 8PSK modulated channels.

C/I required to reach 1% BLER
FACCH
Speech, AMR4.75

Full rate, GMSK
8.1 dB
2.5 dB

Half rate, GMSK
9.2 dB
7.4 dB

Table 4. Required C/I to reach 1% frame error rate for FACCH and speech channel for GMSK modulated channels.

In Table 3, the required performance to reach 1% frame error rate is shown for the new proposed fast associated control channel. It is clear from the table that the FACCH performance is comparable with the speech channel performance for the 8PSK modulated FACCH channels. 

For GMSK full rate the required C/I for FACCH is 5.6 dB above the required C/I for speech and for 8PSK and for GMSK half rate the required C/I for FACCH lies 1.8 dB over the required C/I for speech. For 8PSK half rate the required C/I for FACCH is 0.6 dB above the required C/I for speech. These results imply that O-FACCH/H will work in all areas where 8PSK speech is supported.

In Tables 5 and 6 the frame error rate of the fast associated control channel at the C/I required for speech to reach 1% frame error rate is given for 8PSK and GMSK modulated speech respectively. From Table 5 it is clear that the frame error rate of the control channel is very low at the C/I required for speech to reach 1% frame error rate. This also implies that the control channel will work in all areas where 8PSK speech is supported. The corresponding numbers for GMSK associated control channels are given in Table 6 for reference.

Frame error rate at C/I required for speech to reach BLER=1% 
O-FACCH

Half rate, 8PSK
2%

Table 5. Frame error rate of the 8PSK fast associated control channel O-FACCH at the C/I required for speech to reach 1% frame error rate.

Frame error rate at C/I required for speech to reach BLER=1%
FACCH

Full rate, GMSK
45%

Half rate, GMSK
4%

Table 6. Frame error rate of the GMSK fast associated control channel FACCH at the C/I required for speech to reach 1% frame error rate.

The simulation results are shown in Appendix A.

4 Summary

It has been shown that the convolutional code P3 performs best compared to P1 and P2.

We therefore propose that the memory m=6 convolutional code P3 constructed with polynomials from 05.03 shall be used for coding of O-FACCH/F and O-FACCH/H. 

Following interleaving of 8PSK speech we propose that O-FACCH/F is interleaved according to TCH/FS but with the interleaving done over symbols instead of bits and that O-FACCH/H is interleaved according to TCH/HS but with the interleaving done over symbols instead of bits. Simulation results are included in the document to show the feasability of the 8PSK modulated fast associated control channels.
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Appendix A

Performance results of O-FACCH, 8PSK speech, FACCH and GMSK speech.

5.1 Full rate channels
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Figure 3. Performance of the fast associated control channel O-FACCH/F.
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Figure 4. Performance of the fast associated control channel FACCH/F.

5.2 Half rate channels
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Figure 5. Performance of the fast associated control channel O-FACCH/H.
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Figure 6. Performance of the fast associated control channel FACCH/H.
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