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Control Channels for QR speech

1. Introduction

To enhance capacity of the network, QR speech with 8PSK modulation is proposed to be introduced in GERAN. To facilitate this speech mode, new control channels have to be defined. In this document, we will give a possible construction of the SACCH and FACCH control channels for quarter rate speech.

We propose that 8PSK modulation is used for the FACCH and SACCH channels associated with the quarter rate speech channel. The messages are encoded with a Fire code and a rate r=1/3, memory m=4 convolutional code. The SACCH messages are block interleaved over 2 bursts and the FACCH messages are diagonal interleaved over 3 bursts (two half bursts and one full burst).

The SACCH channel for quarter rate channels have previously been treated in [1] and [2], in this document also the FACCH is treated.

2. Requirements

Both the SACCH and FACCH messages consists of 184 bits, which for full rated half rate channels are block encoded with a Fire-code generating 40 parity bits and then encoded with a rate r=1/2 convolutional code with memory m=4. After encoding, the messages consist of 456 bits.

For a quarter rate speech channel, during a 480 ms reporting period, there are two bursts available for SACCH for each speech channel, see Figure 1. The reporting period should be kept to enable measurement reports to reach the basestation with the same periodicity as today. 

For the FACCH channel it is crucial that the encoded and interleaved message steals as few speech frames as possible. With GMSK modulation and an encoded message length of 456 bits, at least four speech frames are stolen for the FACCH message on a quarter rate channel. By reducing the encoded message length to only two bursts and using the interleaving proposed in Figure 2, only two speech frames are stolen per message. To minimize the impact on speech, the latter solution is recommended.

3. Construction of SACCH/QR and SACCH/QR

To fit a SACCH message into two bursts, either the modulation can be changed or the coding be reduced. With 8PSK modulation, there are 684 bits available over 2 bursts per SACCH message and with GMSK modulation there are 228 bits available per message. The message can be block interleaved over 2 bursts, see Figure 1.


Figure 1. Interleaving for QR SACCH over 2 bursts.

With 8PSK modulation also for the FACCH messages, the message can be diagonaled interleaved over one half burst, one full burst, and one half burst, and thereby only stealing 2 speech frames for the quarter rate channel, see Figure 2. This interleaving resembles the FACCH HR interleaving.


Figure 2. Interleaving of QR FACCH over 3 bursts.

Using 8PSK modulation there are 684 bits available over 2 full bursts. The GSM channel coding can then be used for the SACCH and FACCH messages, with the difference that a rate r=1/3 convolutional code can be used instead of the rate r=1/2 convolutional code. The message will then fit exactly into the two bursts, see Figure 3.


Figure 3. Coding for SACCH/FACCH using 8PSK modulation.

Using GMSK modulation there are 228 bits available over 2 full bursts. The GSM encoded message can be punctured to fit into the two bursts, see Figure 4.


Figure 4. Coding for SACCH/FACCH using GMSK modulation.

In the next section, the performance of the control channels using GMSK and 8PSK modulation respectively are compared.

4. Simulation results

We here present simulation results for the quarter rate SACCH and FACCH channels. All simulations are done with co-channel interference, TU3 channel with ideal frequency hopping. The speech simulations and the control channel simulations are performed in different simulators so the absolute numbers should not be compared. However, we can for example compare the difference in performance between speech and control channel for full rate, half rate, and quarter rate since the impact of the simulators is equal in these comparisons. All frame error rate curves referenced in the tables are shown in Annex A.

In Table 1, we compare the performance of the control channels using different modulation. It is seen in the table that the 8PSK modulated channels reaches the 1% frame error rate at a lower signal to interference level than the GMSK modulated channels. Therefore, it is recommended that the 8PSK modulation is chosen for both SACCH and FACCH with the coding and interleaving schemes described in Section 3.


SACCH, GMSK
SACCH, 8PSK
FACCH, GMSK
FACCH, 8PSK

Required performance at FER=1% [dB]
22.3
17.2
22.9
15.7

Table 1. Required performance to reach FER=1% for the control channels using GMSK and 8PSK modulation, respectively.

In Table 2, we compare the required performance to reach frame error rate 1% for the control channels and the AMR4.75 speech codec. The full rate and half rate control channels are the usual GMSK modulated control channels and the control channels for quarter rate is the 8PSK modulated control channels with coding and interleaving proposed in Section 3. The numbers in the table clearly shows that with the new 8PSK modulated control channels interleaved over 2 bursts does not degrade the performance compared to the speech channel. Comparing the difference in required C/I between speech and control channel, it is clear that this difference is less for the quarter rate channel (0.5 dB for SACCH, -1 dB for FACCH) than for the full rate (7.8 dB for SACCH and 6.0 dB for FACCH) and half rate (2.9 dB for SACCH and 2.1 dB for FACCH) channels. This implies that the control channels are more limited in performance compared to the speech channel for the full rate channel than for the quarter rate channel and that the control channel will not limit the performance of the connection in the quarter rate case.

Required performance at FER=1% [dB]
AMR4.75
SACCH
FACCH

Full rate
2.5
10.3
8.5

Half rate
7.4
10.3
9.5

Quarter rate
16.7
17.2
15.7

Table 2. Comparisons of the required performance to reach FER=1% for the control channels and the speech coder AMR4.75 for full rate, half rate, and quarter rate. The quarter rate control channels are the new proposed control channels using 8PSK modulation. The AMR QR result is taken from [1].

In Table 3, we compare the frame error rate of the control channels at the required C/I for the speech channel to reach FER=1% for full rate, half rate, and quarter rate channels. It is clear that the frame error rate of the control channels at the C/I required for the speech channel to reach FER=1% is much lower for the quarter rate channel than for the full rate and half rate channels. This implies that the 8PSK modulated control channel interleaved over two blocks for quarter rate performs very well compared to the performance of the full rate control channels.

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

Full rate
>80%
>40%

Half rate
6%
5%

Quarter rate
2%
0.4%

Table 3. Frame error rate of the control channels at the C/I required for the speech channel to reach FER=1% for full rate, half rate, and quarter rate, respectively. 

By increasing the memory of the convolutional code to m=6 for the control channel, the performance can be further enhanced. Initial studies show a gain of approximately 0.4 dB for SACCH at FER=1%. 

5. Summary

We recommend that both the SACCH and FACCH channels use 8PSK modulation for the quarter rate speech channel. The messages are encoded to 684 bits which fits into 2 full bursts. The control channels performe satisfactory, the reporting period of the measurement reports is kept, and the FACCH steals only two speech frames with this solution.
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Annex A Simulation results

In this section, all simulation results are given in terms of bit error rate and frame error rate performance curves. 
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Figure 1. Performance of QR SACCH, 8PSK, interleaved over 2 bursts.
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Figure 2. Performance of QR SACCH, GMSK, interleaved over 2 bursts.
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Figure 3. Performance of QR FACCH, 8PSK, interleaved over 2 bursts.
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Figure 4. Performance of QR FACCH, GMSK, interleaved over 2 bursts.
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Figure 5. Performance of AMR4.75/FS and AMR4.75/HS, GMSK modulation.
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Figure 6. Performance of FR/HR FACCH, GMSK modulation.
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Figure 7. Performance of FR/HR SACCH, GMSK modulation.
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