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Spread SACCH for AMR
1 Introduction

It has been acknowledged in previous GERAN meetings that AMR networks suffer from performance degradation due to robustness imbalance between AMR low modes speech channels and the associated control channels. 
Fields observations [1] have shown that both SACCH and FACCH are responsible for the drop calls increase, due to their insufficient coding robustness and it is therefore essential to find solutions for both control channels. 

This document focuses on a solution to improve SACCH channel coding, as SACCH is responsible for 25% to 45% of the dropped calls, depending on the environments [1].
The proposal described in this contribution has already been presented in document GP-041353 in GERAN#20 and GP-041927 in GERAN#21. Some new simulation results are now available, showing the gain of the Spread SACCH and the corresponding impact on voice quality.
2 Spread SACCH
2.1
General principle
It is proposed to keep the existing SACCH unchanged, and send a second SACCH, containing the same payload as the normal one or only part of it, but sent along voice bursts, stealing a few bits in each speech burst. 
When Spread SACCH is used, the receiver would use soft combining between the normal SACCH and the Spread SACCH. Repeating the SACCH brings diversity gain, and spreading the information increases the robustness even more.
In the scheme illustrated in Fig 1, it is proposed, in order to avoid that the Spread SACCH takes longer to transmit than the normal SACCH, that the Spread SACCH be sent over 18 speech frames, starting right after the burst containing the first part of the Normal SACCH, and sent over the following 18 speech frames, thus ending just before the burst containing the last part of the Normal SACCH. 
It would then take roughly 360 ms to receive the second SACCH (360 – 4.615 = 355.385 ms). 

[image: image7.bmp]Fig 1: Spread SACCH sent over 18 speech frames
Depending on how much of the information carried by the initial SACCH is sent in the Spread SACCH, the number of stolen bits varies:

	Spread SACCH format
	Number of bits to steal per burst in the 18 speech frames (=72 bursts)

	Full SACCH: 456 bits
	6.33 bits

	¾ SACCH: 342 bits
	4.75 bits

	½ SACCH: 228 bits
	3.16 bits


Table 1: number of stolen bits depending on Spread SACCH format over 18 speech frames
Some adjustments can be made to the number of speech frames over which the Spread SACCH shall be sent, and on the number of stolen bits per burst, depending on the target voice quality and the target SACCH gain, as explained below. 
2.2
Gain of the Spread SACCH
It was anticipated that it might not be necessary to duplicate completely the information contained in the normal SACCH in the Spread SACCH. Therefore, some simulations were run to check the gain obtained by the Spread SACCH technique in 3 cases:

· Half of the SACCH repeated (= 1.5 SACCH in total)

· ¾ of the SACCH repeated (=1.75 SACCH in total)

· SACCH repeated completely (= 2 SACCH in total)

Simulations were run in TU3 iFH conditions.

It is assumed that the receiver uses soft combining between the normal SACCH and the Spread SACCH.
The simulation results are showed in the following figure:
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Fig 2: Spread SACCH gain
Considering the levels of C/I where AMR lower codec 4.75 is used (around C/I=4dB), the following gains can be obtained.
	SACCH format
	Gain of Spread SACCH

	Normal SACCH

+ ½ Spread SACCH
	2dB

	Normal SACCH

+ ¾ Spread SACCH
	3dB

	Normal SACCH

+ full Spread SACCH
	4dB


Table 2: Spread SACCH gain depending on Spread SACCH format
The results show that the transmission of the full Spread SACCH provides a large gain of 4dB, which might be more than needed in most networks. Therefore the choice of an intermediate Spread SACCH format could be more adapted to alleviate the problem of SACCH reception when radio conditions are very poor.
2.3
Impact on speech quality
In order to degrade as little as possible the voice quality, the less sensitive bits – in terms of perceived voice quality – have been found in each radio frame of AMR 4.75. The target bits were the class 1b bits, and care was taken not to impact the 8 bits of the speech frame used to carry in-band data in AMR (CMC/CMR and CMI).
The table below shows the index of these optimal bits:

	 
	 
	2 bits per burst
	3 bits per burst
	4 bits per burst
	6 bits per burst

	Burst 0
	1st half burst
	28
	28
	28,14
	28,14,42

	
	2nd half burst
	81
	81,95
	81,95
	81,95,109

	Burst 1
	1st half burst
	49
	49
	49,26
	49,26,12

	
	2nd half burst
	114
	114,79
	114,79
	114,79,93

	Burst 2
	1st half burst
	47
	47,33
	47,33
	47,33,10

	
	2nd half burst
	98
	98
	98,63
	98,63,112

	Burst 3
	1st half burst
	45
	45,31
	45,31
	45,31,17

	
	2nd half burst
	82
	82
	82,96
	82,96,110


Table 3: Index of stolen bits on the radio bursts
Indexes for the 1st half bursts are between 0 and 57.

Indexes for the 2nd half bursts are between 58 and 115.

Some pMos simulations have been run using PESQ tool - 'Perceptual Evaluation of Speech Quality'- to show the impact of the Spread SACCH on speech quality, due to the puncturing of these optimal bits in each burst.
The simulation conditions are 900MHz, TU3 iFH, run on 130000 speech bursts with AMR 4.75 codec.

[image: image3.emf]Stealing of speech bits for Spread SACCH insertion 
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Fig 3: pMos score of TCH/AFS 4.75 punctured for Spread SACCH
Considering the AMR 4.75 operating zone around C/I=4dB, the following pMos degradation can be noted compared to the reference TCH/AFS 4.75:

	Puncturing scheme
	pMos score
	Degradation compared to TCH/AFS 4.75

	Reference TCH/AFS 4.75
	2.98
	-

	2 bits punctured per radio burst
	2.98
	-0.00

	3 bits punctured per radio burst
	2.88
	-0.10

	4 bits punctured per radio burst
	2.84
	-0.14

	6 bits punctured per radio burst
	2.76
	-0.22


Table 4: pMos degradation depending on Spread SACCH format
The worst case shows a degradation of 0.22 pMos, which is hardly audible, considering that the user will already be in a zone where the voice quality is not very good.
Degradations of 0.10 or 0.14 obtained with the other puncturing schemes would be completely unnoticed by the end user.

2.4
Optimizing the trade-off SACCH gain / voice quality
Considering the results of §2.2 and 2.3, it seems that some good compromises can be found between the SACCH gain and the voice quality.

The figure below shows the pMos as a function of the SACCH BLER at an operating point of C/I = 4dB. A given SACCH BLER corresponds to a given Spread SACCH format.

[image: image4.emf]PMOS vs SACCH BLER at C/I = 4dB

2,7

2,75

2,8

2,85

2,9

2,95

3

1 10 100

SACCH BLER (%)

PMOS


Fig 4: pMos as a function of SACCH BLER at C/I=4dB
The format of the Spread SACCH can thus be optimized depending on the target pMos and the target SACCH BLER on a given network.

2.5
DTX case

In case of DTX, Spread SACCH should not be used. However it would be beneficial to send a secondary SACCH also during DTX period. 
A solution could be to send the secondary SACCH in the four bursts following a full SID_UPDATE, just after the first burst of a normal SACCH, as shown in the figure below.
With this technique, normal SACCH and secondary SACCH would have the same periodicity.


[image: image5]Fig 5: Secondary SACCH in case of DTX

2.7
Backward compatibility

This proposal of Spread SACCH ensures backward compatibility with legacy receivers. Of course, only new receivers will be able to decode the secondary Spread SACCH, but legacy receivers will continue receiving the normal SACCH, since it is left unchanged. The impact on legacy receivers is that the error rate will be slightly degraded on the voice bursts, since a few bits are punctured to send the Spread SACCH.
2.8
Use of Spread SACCH
The use of Spread SACCH could be either linked to one or several codec modes (systematic with AMR 4.75 mode for instance), or signaled explicitly in dedicated messages.

3 Conclusion
This paper presents a solution to solve the issue of performance imbalance between AMR low modes speech channels and SACCH.
Sending a secondary SACCH along voice bursts by stealing a few bits in each burst allows reaching gains from 2dB to 4dB, depending on the format of the Spread SACCH: either full, ¾ or ½ Spread SACCH. The corresponding impact on the voice quality is a degradation of 0.22 to 0.10 in pMos, which is hardly audible for the user. This solution can be tuned in each network to offer the best trade-off between SACCH gain and voice quality.
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