	3GPP TSG GERAN Meeting no 3

Boston, Massachusetts, U.S.A.

15th-19th January 2001

Source: Nokia
	TSGG#03(01)0246

Agenda Item 7.1.5.4



ACCH enhancements for 
Full Rate AMR speech traffic channels

1. Introduction

Originally, SACCH, which is used for non-urgent procedures, mainly for the transmission of the radio measurement data needed for handover decisions, and FACCH (or main DCCH), which is involved in delay sensitive mechanisms such as handover, were designed for the GSM speech traffic channels TCH/FR and later TCH/EFR. When AMR speech codecs were introduced [1], the same Associated Control CHannels were re-used.  

The different AMR speech codecs aims to adapt the coding scheme to the link level quality, i.e. in bad environment a low speech codec with a low coding rate will be used whereas in good environment a higher speech codec can be used with a higher coding rate. AMR indeed allows worse channel condition compared to traditional TCH/FR and TCH/EFR. Unfortunately the channel coding of the ACCHs was kept as such. So when AMR allows worse condition, the block error rate of the ACCHs increases, more retransmissions are then needed and, consequently the transmission delay increases, reducing the overall system performance. 

Moreover, for Fast Power Control, it has been proposed in [2] to puncture some bits on SACCH in order to convey FPC signalling. It will degrade the performance of the SACCH and certainly limit the use of the lower AMR modes.

This document proposes a solution, which can improve the SACCH and FACCH performance whenever needed, for instance when lower AMR modes are used on full rate channels, or when fast power control is used on speech channels [2].

2. SACCH and FACCH performance

This section shows the performance of the current SACCH and FACCH in full rate channel compared to the GSM AMR speech channels.

The block error rate of the associated control channels at the C/I required for speech to reach 1% frame error rate are given for GMSK modulated AMR speech codec 4.75, 7.4 and 12.2 respectively in Table 1. Complete link level performance is given in Annex A. It appears that the block error rate of the control channels can increase to high values when the lower AMR modes are used.  For TCH/AFS4.75, which reaches 1% FER at 2.6 dB, SACCH/TF and FACCH/F have respectively 45.4% and 49% BLER. A high number of retransmission is then required.

	Speech Channel
	TCH/AFS4.75
	TCH/AFS7.4
	TCH/AFS12.2

	C/Ico (dB) @ 1% FER
	2.6 dB
	4.9 dB
	8.1 dB

	SACCH/TF BLER
	45.4 %
	22.3 %
	5.2 %

	FACCH/F BLER
	49 %
	18.5 %
	2.1 %


Table 1. SACCH/TF and FACCH/F Block Error Rate at the C/I required
 for different AMR speech codec to reach 1% frame error rate
It has to be noted that SACCH/TF performance does not include the degradation due to FPC puncturing as proposed in [2].

3. SACCH/F

One solution to improve the performance of the signalling is to increase the channel coding. However, increasing the coding requires the transmission of more coded bits. Among the timeslots of the 26-multiframe shown on Figure 1, one is called the "idle slot", which is not used to transmit or receive. It allows the MS to perform pre-synchronization. 

Whenever pre-synchronisation is not required, for instance once the mobile has finished reading the SCH bursts of all its neighbours, the idle slot could be used to convey additional signalling. 
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Figure 1. 26-multiframe in Full Rate channel
It is proposed to use this idle slot to convey a "parallel" SACCH in order to improve the link level performance of SACCH (Figure 2). A "parallel" SACCH burst is a simple copy of the previous SACCH burst. Soft combining between SACCH and the "parallel" SACCH can then be performed in the receiver.
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Figure 2. Enhanced SACCH for Full Rate channel
In the downlink, either:

· the BTS always sends a parallel SACCH on the idle slot and  the MS uses this parallel SACCH in addition to the existing SACCH whenever no pre-synchronisation is needed, or,

· the network indicates that the MS may compromise pre-synchronization operations if the SACCH performance need to be improved and then uses the "parallel" SACCH when needed, or,

· the BTS could always send a parallel SACCH on the idle slot and the MS is allowed to compromise neighbour cell synchronisation procedures after each lost SACCH data block.

Symmetrically in the uplink, either:

· the MS could send the parallel SACCH on the idle slot whenever no pre-synchronization is required. The BTS would then use this complement information when a signal is received, i.e. the mobile has managed to send it, or,

· the BTS commands to the MS the transmission via idle slot of the SACCH when one or few SACCH messages have already been lost. This solution does not rely on the AMR mode used but directly on the performance of the SACCH. However this implies a specific signalling for the command.

Table 2 shows the improvement when using the idle timeslots to convey parallel SACCH bursts. Curves are presented in Annex A. At 4.9 dB, only 2 idle bursts are needed to reach 6.4 % BLER, whereas at 2.6 dB, SACCH using 4 idle bursts reach 6.3 % of BLER. These results are comparable to the TCH/AFS12.2 case (see Table 1).

	Speech Channel
	TCH/AFS4.75
	TCH/AFS7.4

	C/Ico (dB) @ 1% FER
	2.6 dB
	4.9 dB

	SACCH/TF BLER
	45.4 %
	22.3 %

	SACCH/TF + 1 idle burst  BLER
	33.1 %
	13.1 %

	SACCH/TF + 2 idle bursts  BLER
	21.5 %
	6.4 %

	SACCH/TF + 3 idle bursts  BLER
	12.4 %
	2.7 %

	SACCH/TF + 4 idle bursts  BLER
	6.3 %
	0.9 %


Table 2. SACCH/TF Block Error Rate using 1 to 4 idle bursts per message 
at the C/I required for different AMR speech codec to reach 1% frame error rate
4. FACCH/F

As the SACCH, FACCH may limit the performance of full rate channels when the lowest AMR modes are used. Here again, the only solution is to increase its coding whenever needed. To do that, two consecutive FACCH could be sent (Figure 3), The 2nd one conveying the same information as the 1st one. Either a new coding or not can be used for the second FACCH. Consecutive speech frames are preferred from a speech quality viewpoint [3], and from a delay viewpoint as well. 40ms of speech are then stolen instead of 20ms. But in any case it is clear that frame stealing for FACCH is relatively rare phenomenon and its effect on overall speech quality is not very important.

When copies of FACCH are sent, the receiver can always try to decode what it receives on a 20ms basis. When one FACCH is transmitted, it tries to decode it. If it fails and the following frame is stolen for FACCH, it can then retry to decode using soft combining. Before soft combining, it could be possible to first decode the second message separately still.
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Figure 3. Enhanced FACCH in Full Rate channel
So whenever needed, e.g. whenever the lowest AMR modes are used and handover message is sent, two consecutive FACCHs can be transmitted.

Table 3 shows the improvement when 2 FACCH are sent consecutively Curves are presented in Annex A. At 4.9 dB and 2.6 dB, the BLER is respectively 4.2 % and 0.3 %. These results are comparable to the TCH/AFS12.2 case (see Table 1).

	Speech Channel
	TCH/AFS4.75
	TCH/AFS7.4

	C/Ico (dB) @ 1% FER
	2.6 dB
	4.9 dB

	FACCH/F BLER
	49 %
	18.5 %

	FACCH/F  (2 consecutive frames)
	4.2 %
	0.3 %


Table 3. FACCH/F Block Error Rate using 1 to 4 idle bursts per message 
at the C/I required for different AMR speech codec to reach 1% frame error rate.
5. Conclusion

The most robust AMR codec modes have more efficient channel coding compared to SACCH and FACCH. Therefore, more frame errors occur on SACCH and FACCH than on the AMR TCH channel. For these codec modes, the block error rate of the ACCHs might increases to levels that require quite a few retransmissions. 

Moreoever it is proposed to introduce a fast power control mechanism, which reduces the performance of the SACCH further [2].

In this contribution, a solution is proposed to enhance the performance of the associated control channels when the lowest AMR modes are used or whenever FPC is activated. By using the idle slot, the BLER of the SACCH can drop from 50% to a few percents only. By sending two consecutive FACCH, the BLER can also drop from 50% to a few percents only. In this respect, it is proposed to consider this scheme for the June package of GERAN.

6. references

[1] Digital cellular telecommunications system (Phase 2+), Channel coding (GSM 05.03 version 8.5.0 Release 1999).

[2] 3GPP TSG GERAN Adhoc #3, TDoc GAHW-000169, Fast Power Control for Speech in GERAN, Ericsson, 11-15 December 2000, Orlando, Florida, U.S.A. 

[3] ETSI SMG2#35, Tdoc 2-00-747, Associated Control Channels for GERAN Radio Access Bearers, Nokia, 3-7 April 2000, Schaumburg, Illinois, U.S.A.

ANNEX A: Link Level Performance
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Figure 4. Performance of SACCH/TF when using between 1 to 4 idle timeslots compared to TCH/AFS4.75 
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Figure 5. Performance of enhanced FACCH/F with compared to current FACCH/F and TCH/AFS4.75
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