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Stealing Bit Proposal for 8PSK Speech

1 Introduction

For the new 8PSK modulated speech channels, there have so far been no investigations presented on the number of stealing bits that are needed for these channels. The number of strealing bits is also closely connected to the associated control channels for 8PSK. To be able to decide on coding for the 8PSK speech channels and their associated control channels the number of stealing bits have to be decided first.

We propose that 2 symbols per burst are used for stealing flags to distinguish between speech and FACCH. The performance of this proposal is investigated in the document and found to be satisfactory.

2 Requirements

The stealing bits are in GSM speech used to distinguish between speech bursts and control bursts. The associated control channels are FACCH and SACCH. The burstmapping of the SACCH channel is known so the stealing bits are used to distinguish FACCH from speech. For 8PSK speech, the assumption so far is that two stealing bit words is sufficient and they are used to separate FACCH from speech.

The performance of the stealing bit codewords should not limit the performance of neither the speech channel nor the control channel. This means that the performance of the stealing bits should be better than both control channel performance and speech channel performance.

The speech mode which operates at the lowest C/I levels should be used as a benchmark for stealing bit performance. Hence, we compare the stealing bit performance with the AMR4.75 speech codec performance and the FACCH performance. 

We have chosen to compare C/I requirements for the different channels at 1% frame error rate. 

3 Proposal

In the design investigated in this document we have assumed that 2 symbols per burst are used for stealing flags. The performance of this construction for 8PSK channels is compared with the stealing bit performance of GSM.

As in GSM, the all-zero codeword is used for speech and the all-one codeword is used for control channels. Depending on the rate of the channel the number of stealing bits varies and hence the length of the stealing flag codewords. Stealing bits have to be read according to the speech frame interleaving, since for each (possible) speech frame the stealing flag codeword has to be determined to decide whether it is speech or control information that is received.

3.1 Full rate 8PSK

For full rate 8PSK channels, the stealing bits are read over 8 half bursts since both speech and FACCH are interleaved diagonally over 8 half bursts [1]. This means that the stealing flags for 8PSK full rate are 24 bits long. 

3.2 Half rate 8PSK

For half rate 8PSK channels, the stealing bits are read over 4 half bursts for speech and the FACCH is interleaved over 6 bursts (4 half bursts and 2 full bursts) [1]. But since the stealing flag codeword has the be determined for every speech frame the stealing flag bits have to be read over 4 half bursts all the time. This means that the stealing flags for 8PSK half rate are 12 bits long.

3.3 Quarter rate 8PSK

For quarter rate 8PSK channels the stealing bits are interleaved over 2 half bursts and one full bursts [1]. But since speech blocks are interleaved over 2 half bursts the stealing flag has to be read over 2 half bursts for FACCH as well. This means that the stealing flags for 8PSK quarter rate are 6 bits long.

3.4 Simulation assumptions

Simulations are done for both GMSK and 8PSK stealing bit performance. The GMSK simulations are included for reference to be able to compare the relative performance between stealing flags and speech channel. 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 and stealing flags. 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.

4 Performance

The block error rate of the stealing codewords, together with speech channel and FACCH channel performance has been simulated to see that the stealing bit proposal with 2 symbols per burst does not limit the performance of the speech or control channel. The corresponding simulations for GMSK channels are also shown for comparisons.

In Table 1, the requirements for the different channels to reach 1% frame error rate are given for a summary. The simulation results are shown in the sections below.

It is clearly seen in Table 1 that the required C/I for the stealing flags to reach 1% frame error rate is well below the required C/I for the speech channel to reach 1% frame error rate. Thus, the stealing flag performance will not limit the speech channel (or control channel) performance if the proposed stealing flag codewods are used.

C/I required to reach 1% FER
Stealing flag
speech, AMR4.75

Full rate
8PSK
-0.5 dB
No result


GMSK
-1.1 dB
2.5 dB

Half rate
8PSK
3.7 dB
8.0 dB


GMSK
3.1 dB
7.4 dB

Quarter rate
8PSK
12.6 dB
17 dB [3]

Table 1. Summary of C/I requirement to reach 1% frame error rate.

4.1 Full rate

For 8PSK full rate speech, there is no speech codec defined yet and we do not have any speech channel results to compare with. However, 1% block error rate is for the stealing codeword is reached below 0 dB. It is not likely that the wideband speech codec will operate below 0 dB, hence, the stealing bit performance for 8PSK full rate with 24 stealing bits per codeword should be sufficient.
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Figure 1. Performance of stealing flag and FACCH for 8PSK full rate.

For the GMSK full rate channel, 1% block error rate for the stealing flag is reached at –1.1 dB, which is 3.6 dB below the AMR/FS4.75 GMSK 1% frame error rate requirement.
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Figure 2. Performance of stealing flag, FACCH, and speech for GMSK full rate.

4.2 Half rate

For the 8PSK half rate channel, 1% block error rate for the stealing flag is reached at 3.7 dB, which is 4.3 dB below the AMR/HS4.75 8PSK 1% frame error rate requirement [2].
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Figure 3. Performance of stealing flag, FACCH, and speech for 8PSK half rate.

For the GMSK half rate channel, 1% block error rate for the stealing flag is reached at 3.1 dB, which is 4.3 dB below the AMR/HS4.75 GMSK 1% frame error rate requirement.
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Figure 4. Performance of stealing flag, FACCH, and speech for GMSK half rate.

4.3 Quarter rate

For the 8PSK quarter rate channel, 1% block error rate for the stealing flag is reached at 12.6 dB, which is 4.4 dB below the AMR/QS4.75 1% frame error rate requirement [3].
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Figure 5. Performance of stealing flag, FACCH, and speech for 8PSK quarter rate.

5 Conclusions

We have investigated the performance of stealing flags for the 8PSK speech channels. Two stealing symbols per burst are used for stealing flags and the length of the stealing flag codeword is dependent on if it is full rate, half rate, or quarter rate, respectively. The performance is compared with the speech channel and FACCH channel performance. The result is that the stealing flag performance does not limit the speech or control channel performance in any case. The performance for stealing bits, speech channels, and control channels for GMSK is also given for reference.

It is clearly seen from the simulation results that the stealing bit proposal does not degrade the performance in relation to the speech channel compared to the GMSK case for the full rate and half rate channels. The 1% block error rate is reached for the stealing flag at a level 3.6 – 4.3 dB below when the corresponding speech channel reaches 1% frame error rate for GMSK and at a level 4.3 – 4.4 dB below for 8PSK. 

The simulation results show that 2 stealing symbols per burst is sufficient to distinguish between speech and FACCH on the 8PSK channels. The codeword length is 24 bits for full rate, 12 bits for half rate, and 6 bits for quarter rate 8PSK speech. The all-zero codeword is used for speech and the all-one codeword is used for FACCH and SACCH. We propose that these stealing codewords are used for the 8PSK speech and associated control channels.
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