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1. Introduction

User data is not the only information flow, which has to be carried through circuit switched traffic channels over the air interface. Signaling messages must also be conveyed. They allow the network and the mobile station to discuss the management of several important issues such as resources, handovers… When traffic is ongoing, the signaling is done through Associated Control Channel (ACCH). 

GERAN will introduce new 8PSK Speech Bearers of which the ACCH are still to be agreed upon. The purpose of this document is to focus on the issues which are yet to be solved concerning the mapping and the channel coding of the ACCH for the 8PSK Quarter Rate Speech Bearers.

2. SLOW aSSOCIATED CONTROL CHANNEL

Two contributions on SACCH signalling for QR channels have already been proposed in [1] [2]. Both of them proposed to use 8PSK modulation and to reduce the coding rate of the existing SACCH in order to preserve a rate of one SACCH block every 480 ms. However document [1] introduced an incremental redundancy mechanism to improve the link level performance of the SACCH in adverse conditions. The following sections analyze the incremental redundancy mechanism and its feedback channel.

2.1 Mapping


Figure 1
 presents the SACCH/TQ mapping for each subchannel. This mapping allows the multiplexing of quarter rate and half rate channels on the same physical subchannel :

· TCH/Q(0,2) + FACCH/Q(0,2) + SACCH/TQ(0,2) + TCH/H(1) + FACCH/H(1) + SACCH/TH(1)
· TCH/Q(1,3) + FACCH/Q(1,3) + SACCH/TQ(1,3) + TCH/H(0) + FACCH/H(0) + SACCH/TH(0)
· TCH/Q(0,1,2,3) + FACCH/Q(0,1,2,3) + SACCH/TQ(0,1,2,3) 
It is therefore suggested to adopt this mapping in the stage 2 description of GERAN.
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Figure 1. SACCH/TQ Mapping
2.2 Feedback channel

2.2.1 Content

For the incremental redundancy mechanism, the information that need to be sent is :

· Retransmission Request : the MS (BTS) asks the BTS (MS) to retransmit the previous block,

· Retransmission Indication : The MS (BTS) indicates to the BTS (MS) whether the current block is a retransmission or not.

Note that if we considered an error free feedback channel, the retransmission indication would not be required. As a matter of fact if a retransmission request was sent in the previous block, the next SACCH block would automatically contain the retransmitted information. In the following it will be shown through link level simulations that in normal QR channel condition, the feedback channel can be considered as error free.

2.2.2  Link level performance

It has been proposed in [1] to use the stealing flag of the 8PSK bursts for the feedback channel, providing 6 bits per burst. Table 1 presents the codewords used for the feedback channel. 

Data
Codewords
Messages

0
000000 000000
Retransmission Request

1
111111 111111
No Retransmission Request

Table 1. Stealing bit combination for SACCH feedback channel
Link level simulations are presented in Figure 2. At 1% BLER, the feedback channel is 14dB better than SACCH/TQ mapped on 2 bursts [1]. So the feedback channel is therefore reliable enough to be considered as error free and consequently no Retransmission Indication need to be sent.

[image: image1.png]BLER

5E-02

2E02

1E-02

5E-03

2E-03

1E-03

5E-04

2E-04

SACCH/TQ - TU3 900 MHz

0dB 5dB 10 dB

ClIco

15dB

———— Feedback nFH
|<2--¢<>1 FeedBack iFH




Figure 2. Feedback channel performance with co-channel interference

The feedback channel appears to be very reliable and its performance should not be a concern.

2.3 Incremental Redundancy

In the proposal [2], it has been questionned whether it is better to: 

· try to recover the information through the incremental redundancy mechanism increasing the SACCH rate from 480 ms to 960 ms, 

· try to send a new SACCH message assuming that this time it will be successfully decoded.

Figure 3 shows that the probability to loose at least two consecutive SACCH  messages, mapped on two bursts, is rather low. Indeed at 5% FER for SACCH where C/I level is about 15 dB, only 0,4 % of the SACCH block will be missed a second time or more. In typical channel conditions for the QR channels, when one SACCH is lost, it is more efficient to retransmit a new SACCH message than trying to recover the lost one.
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Figure 3. Frame Erasure Rate vs. Co-channel Interference 
for SACCH and quarter rate speech bearers
3. Fast Associated Control Channel

In document [4], a proposal for FACCH on quarter rate channel is presented. It is mapped over 4 consecutive bursts with the GSMK modulation. Therefore, 100 ms speech frame is affected. This section studies the possibility to decrease the coding rate of the FACCH.

3.1 Comparison between TCH/AFSx and FACCH/F

Figure 4 and Figure 5 presents the performance of the FACCH/F and the full rate AMR speech bearers. This comparison shows that FACCH/F has approximately the same performance in FER as the AMR12.2 speech bearer on TU3 channel with or without frequency hopping. Moreover, according to GSM 05.05 specification [5], requirement for FACCH/F and TCH/AFS12.2 are similar for the sensitivity as well as for the co-channel interference.
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Figure 4. FER of TCH/AFSx and FACCH/F on TU3 with FH
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Figure 5. FER of TCH/AFSx and FACCH/F on TU3 without FH

3.2 Comparison between FACCH/Q and E-TCH/AQSx

Five different FACCH/Q coding schemes were simulated (see Table 2). All the FACCH coding schemes used a 40-bit FIRE code. FACCH coding schemes with 8PSK modulation use the polynomials G4 to G7. Simulations did not include impairments.


Modulation
Coding Rate
Interleaving
Mapping
Speech frames affected

FACCH/Q-4B
GMSK
1/2
Rectangular
4 bursts
100 ms

FACCH/Q-3B
GMSK
2/3
Rectangular
3 bursts
80 ms

FACCH/Q-2B
GMSK
1/1
Rectangular
2 bursts
60 ms

E-FACCH/Q-4B
8PSK
1/6
Diagonal
5 bursts
80 ms

E-FACCH/Q-2B
8PSK
1/3
Diagonal
3 bursts
40 ms

Table 2. Coding schemes of the 3 FACCH/Q studied.

The Figure 6 and Figure 7 show the link level performance of FACCH/Q and E-TCH/AQSx with co-channel interference on TU3 with and without frequency hopping. Table 3 sums up the results at 1% FER. Note that E-FACCH/Q-1B is foreseen as not robust enough and consequently was not simulated.

Channel
TU3 iFH
TU3 nFH

FACCH/Q-4B
10.5 dB
16.5 dB

FACCH/Q-3B
17 dB
19.5 dB

FACCH/Q-2B
24.2 dB
23.6 dB

E-FACCH/Q-4B
9.7 dB
17.7 dB

E-FACCH/Q-2B
16.4 dB
22.6 dB

E-TCH/AQS12.2
28.5 dB
19.5 dB

E-TCH/AQS7.4
20 dB
24.5 dB

E-TCH/AQS4.75
17 dB
18.5 dB

Table 3. Co-channel interference level at 1% FER

For both GMSK and 8PSK, it appears that while the reliability of a 4 bursts based FACCH is may be not needed, a three or even two bursts based FACCH can be considered.

Concerning the modulation, E-FACCH/Q-2B performs better than FACCH/Q-2B whether frequency hopping is applied or not. Besides E-FACCH/Q-2B blanks two speech frames only, while FACCH/Q-2B affects 3 speech frames. It is therefore proposed to adopt E-FACCH/Q-2B for quarter rate channels.
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Figure 6. FACCH performance for QR channel on TU3 with FH
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Figure 7. FACCH performance for QR channel on TU3 without FH

4. Conclusion

This document reviewed the IR mechanism proposed for SACCH/TQ in [1]. It appeared as reliable and efficient. However in the typical channel conditions of QR channels, simulations shown that it woud be seldom used. Consequently the IR mechanism for SACCH does not seem to be needed at this point. Yet later on, in some other conditions,it could be introduced if SACCH does not perform well enough.

Concerning FACCH for quarter rate channels, a comparison with speech showed that FACCH should be 8PSK modulated and blank two speech frames only.
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