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Control Channels for 8PSK Speech

1 Introduction

Control channel design for 8PSK quarter rate speech channel has been treated in previous documents [1,2]. At the last TSG GERAN Adhoc there was a agreement reached on the modulation and interleaving for SACCH and FACCH associated to the 8PSK speech channels [3]. 

In this document we propose coding for the 8PSK modulated control channels, i.e., for O-SACCH/Q, O-FACCH/Q, O-FACCH/H, and O-FACCH/F. 

We propose that messages for O-FACCH/Q and O-SACCH/Q are encoded with a Fire code and a rate r=1/3, m=6 convolutional code and that messages for O-FACCH/H and O-FACCH/F are encoded with a Fire code and a rate r=1/6, m=6 convolutional code. Furthermore, we propose that the interleaving of O-SACCH/Q is block interleaving over two bursts, for O-FACCH/Q diagonal interleaving three bursts, for O-FACCH/H diagonal interleaving over six bursts, and for O-FACCH/F diagonal interleaving over 8 bursts according to [3].

2 Proposal

For the 8PSK associated control channels interleaving and modulation is already agreed upon [3]. The coding however has not been discussed in detail. The payload of FACCH and SACCH messages consists of 184 bits. In GSM a Fire code which adds 40 parity bits is used together with a convolutional code. We propose that the same Fire code is used for the new 8PSK modulated control channels.

2.1 Full rate channels

The full rate 8PSK FACCH can contain 1392 bits including stealing bits which are used to distinguish speech from FACCH. In [4] it is shown that 2 symbols per burst is sufficient for stealing bits, i.e., 24 bits are used for stealing codewords per control message. This leaves 1368 bits for the control message. We propose the coding given in Figure 1. The Fire code adds 40 bits and the convolutional code is the rate r=1/6 memory m=6 code given by
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Figure 1. Coding proposal for 8PSK modulated O-FACCH/F and O-FACCH/H.

After encoding 12 bits are punctured to fit the message into the 1368 bits left for control information.

O-FACCH/F is interleaved diagonally over 8 half bursts.The detailed interleaving algorithm is given in Annex A.

SACCH/F uses GMSK modulation and is coded and interleaved according to SACCH/F for GSM.

2.2 Half rate channels

The half rate 8PSK associated control channels can contain 1392 bits including stealing bits. As for the full rate 8PSK channel 24 bits are used for stealing flags. We propose the same coding for 8PSK full rate control channels for the 8PSK half rate channel. O-FACCH/H is interleaved over 6 bursts, two full bursts and four half bursts. The detailed interleaving algorithm is given in Annex A.

SACCH/H uses GMSK modulation and is coded and interleaved according to SACCH/H for GSM.

2.3 Quarter rate channels

The half rate 8PSK associated control channels can contain 696 bits including stealing bits. In [4] it is shown that 2 symbols per burst is sufficient for stealing bits, i.e., 12 bits are used for stealing codewords per control message. This leaves 684 bits for the control message. We propose the coding given in Figure 2. The Fire code adds 40 bits and the convolutional code is the rate r=1/3 memory m=6 code given by
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Figure 2. Coding proposal for 8PSK modulated O-FACCH/Q and O-SACCH/Q.

After encoding 6 bits are punctured to fit the message into the 684 bits left for control information.

 EQ O-FACCH/Q is interleaved diagonally over three bursts, two half bursts and one full bursts and O-SACCH/Q is interleaved over 2 full bursts.The detailed interleaving algorithm is given in Annex A.

3 Performance

All 8PSK control channels are simulated and their performance is compared with corresponding speech channels. 

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 simulations 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 1 summarizes the required performance to reach 1% frame error rate for the control channels associated with 8PSK modulated speech channels. Table 2 summarizes the reference values for the GMSK modulated channels. Tables 3 and 4 summarizes the frame error rate of the associated control channel at the C/I required for speech to reach 1% frame error rate.

C/I required to reach 1% FER
O-FACCH
SACCH/O-SACCH
Speech, AMR4.75

Full rate, 8PSK
7.3 dB
10.3 dB (GMSK)
No result

Half rate, 8PSK
8.3 dB
10.3 dB (GMSK)
8.0 dB

Quarter rate, 8PSK
14.9 dB
16.4 dB (8PSK)
17 dB [3]

Table 1. Required C/I to reach 1% frame error rate for FACCH and SACCH associated with 8PSK speech, and for the 8PSK modulated speech channels.

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

Full rate, GMSK
8.5 dB
10.3 dB
2.5 dB

Half rate, GMSK
9.6 dB
10.3 dB 
7.4 dB

Table 2. Required C/I to reach 1% frame error rate for FACCH, SACCH, and speech channel for GMSK modulated channels.

In Table 1, the required performance to reach 1% frame error rate is shown for the new proposed control channels associated with 8PSK speech and in Table 2 the corresponding numbers for GMSK modulated channels are shown.

For GMSK full rate the required C/I for FACCH is 6 dB above the required C/I for speech and for GMSK half rate the required C/I for FACCH lies 2.2 dB over the required C/I for speech. For 8PSK half rate and quarter rate the corresponding numbers are 0.3 dB and –2.1 dB respectively. For the SACCH channel the correponding numbers are 7.8 dB and 2.9 dB for GMSK and 2.3 dB and –0.6 dB respectively, which implies that the 8PSK associated control channels will work in all areas where 8PSK speech is supported.

In Tables 3 and 4 the frame error rate of the associated control channels at the C/I required for speech to reach 1% frame error rate are given for 8PSK and GMSK modulated speech respectively. From Table 3 it is clear that the frame error rate of the control channels is very low at the C/I required for speech to reach 1% frame error rate. This also implies that the control channels will work in all areas where 8PSK speech is supported. The corresponding numbers for GMSK associated control channels are given in Table 4 for reference.

Frame error rate at C/I required for speech to reach FER=1% 
O-FACCH
sacch/o-SACCH

Half rate, 8PSK
1.5%
4.5% (GMSK)

Quarter rate, 8PSK
0.7%
<1% (8PSK)

Table 3. Frame error rate of the 8PSK associated control channels at the C/I required for speech to reach 1% frame error rate.

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

Full rate, GMSK
50%
50%

Half rate, GMSK
5%
6.5%

Table 4. Frame error rate of the GMSK associated control channels at the C/I required for speech to reach 1% frame error rate.

The simulation results are shown in the sections below.

3.1 Full rate channels

[image: image3.wmf]
Figure 2. Performance of control channels associated with 8PSK full rate speech.

[image: image4.wmf]
Figure 3. Performance of GMSK full rate speech and control channels associated with GMSK full rate speech.

3.2 Half rate channels

[image: image5.wmf]
Figure 4. Performance of 8PSK half rate speech and control channels associated with 8PSK half rate speech.
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Figure 5. Performance of GMSK half rate speech and control channels associated with GMSK half rate speech.

3.3 Quarter rate channels

[image: image7.wmf]
Figure 6. Performance of 8PSK quarter rate speech and control channels associated with 8PSK quarter rate speech.

4 Conclusions

Simulation results presented in this document show that the performance of the 8PSK modulated FACCH and SACCH has satisfactory performance for quarter rate speech. Furthermore, simulation results show that 8PSK modulated FACCH and GMSK modulated SACCH has satisfactory performance for full rate and half rate 8PSK speech.

We propose coding for the control channels associated with 8PSK speech channels. For O-FACCH/Q and O-SACCH/Q we propose that the control messages are encoded with a Fire code and a rate r=1/3, m=6 convolutional code and that messages for O-FACCH/H and O-FACCH/F the control messages are encoded with a Fire code and a rate r=1/6, m=6 convolutional code. Furthermore, we propose that the interleaving of O-SACCH/Q is block interleaving over two bursts, for O-FACCH/Q diagonal interleaving over three bursts, for O-FACCH/H diagonal interleaving over six bursts, and for O-FACCH/F diagonal interleaving over 8 bursts according to [3]. Coding, interleaving, and modulation as for SACCH/H and SACCH/F is used for SACCH associated with 8PSK full rate and half rate speech according to [3].
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Annex A
Interleaving algorithms

In this appendix the proposed interleaving algorithms for O-FACCH/F, O-FACCH/H, O-FACCH/Q, and O-SACCH/Q are given.

· O-FACCH/F

The 1368 encoded bits are interleaved according to the following algorithm:

i(B,j) = c(n,k) for k=0,1,2,…,1367


n = 0,1,…,N,N+1,…


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


J = 2((49k) mod 171) + ((k mod 8) div 4)

· O-FACCH/H

The 1368 encoded bits are interleaved according to the following algorithm:

i(B,j) = c(n,k) for k=0,1,2,…,1367


n = 0,1,…,N,N+1,…


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


J = 2((49k) mod 171) + ((k mod 8) div 4)

· O-FACCH/Q

The 684 encoded bits are interleaved according to the following algorithm:

i(B,j) = c(n,k) for k=0,1,2,…, 683


n = 0,1,…,N,N+1,…


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


J = 2((49k) mod 171) + ((k mod 4) div 2)

· O-SACCH/Q

The 684 encoded bits are interleaved according to the following algorithm:

i(B,j) = c(n,k) for k=0,1,2,…, 683


n = 0,1,…,N,N+1,…


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


J = 2((49k) mod 171) + ((k mod 4) div 2)
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