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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. 

As far as FACCH is concerned, the DL Repeated FACCH feature is in the process of being introduced in the specifications.

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.
The proposal described in this contribution has already been presented in previous meetings, and it was shown [2] that the gain of Spread SACCH was of about 4dB while the degradation of voice quality was hardly audible. Details of the feature are now proposed.
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. This Spread SACCH can be activated for AMR codec modes 4.75, 5.15 and 5.9.
When Spread SACCH is used, the receiver uses 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 takes then roughly 360 ms to receive the second SACCH (360 – 4.615 = 355.385 ms). 

[image: image9.bmp]Fig 1: Spread SACCH sent over 18 speech frames
The number of bits to be stolen in each speech burst to carry the full Spread SACCH over 72 bursts would be:

456 / 72 = 6.33 bits per burst.

However, in order to have simple and regular puncturing patterns, the following tuning is done: it is proposed to steal only 6 bits per speech burst, thus sending 6 x 72 = 432 bits of the SACCH instead of 456.

24 bits of the SACCH are thus left out, chosen among the bits of least importance.
Spread SACCH shall not be sent over FACCH and RATSCCH frames. When a FACCH or RATSCCH steals a speech frame, the bits of the Spread SACCH that should have been sent in this period will be missing in the receiver. The receiver shall replace the missing bits with ‘0’ for soft combining operation. 

2.2
Gain of the Spread SACCH
As shown in Annex A, approximately 4dB gain is provided with this technique, when the receiver uses soft combining between the normal SACCH and the Spread SACCH, in the levels of C/I where AMR lower codecs are used (around C/I=4dB).

This gain is sufficient 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 – must been found in each radio frame of AMR 4.75, 5.15 and 5.9. The target bits are the class 1b bits, and care must be 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 6 optimal bits for AMR 4.75:

	
	
	6 bits per burst

	Burst 0
	1st half burst
	28,14,42

	
	2nd half burst
	81,95,109

	Burst 1
	1st half burst
	49,26,12

	
	2nd half burst
	114,79,93

	Burst 2
	1st half burst
	47,33,10

	
	2nd half burst
	98,63,112

	Burst 3
	1st half burst
	45,31,17

	
	2nd half burst
	82,96,110


Table 1: 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.

A similar study will be performed to find the index of the 6 optimal bits to be stolen for AMR 5.15 and 5.9 bursts. 
The optimal puncturing patterns for 5.15 and 5.9 are likely to be different from the puncturing pattern for 4.75 codec mode.

Simulations presented in Annex A show that the perceptual degradation in terms of pMos is very small for AMR 4.75: 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.
For 5.15 and 5.9 codec modes, the same perceptual degradation is expected.

2.5
DTX case

In case of DTX, Spread SACCH shall not be used. However it is necessary to send a secondary SACCH also during DTX period. 
The proposal is to send the secondary SACCH in the place of the second SID_UPDATE following the first burst of a normal SACCH, as shown in the figure below. But it shall not be sent after the last – 4th – burst of a normal SACCH, for synchronization purposes between the normal SACCH and the Secondary SACCH: in case the second SID_UPDATE falls after the last burst of a normal SACCH, no secondary SACCH shall be sent during this SACCH period.
When a SID_UPDATE is replaced by a Secondary SACCH, the receiver uses the first SID_UPDATE to create the comfort noise, and use the same data for the second SID period where no SID_UPDATE is available.

The Spread SACCH starts again as soon as the ONSET is sent, as if there had been no DTX period.

[image: image2]
Fig 2: Secondary SACCH in case of DTX

If the Spread SACCH stops or starts in the middle of a SACCH period due to a SID_FIRST transmission, the receiver might be missing a part of the Spread SACCH to make a full soft combining operation, but it shall replace any missing bits with ‘0’. This case is illustrated in the first SACCH period of the figure above.
When a secondary SACCH is sent, the receiver shall soft combine the normal SACCH with the secondary SACCH, and may also combine with the part of the Spread SACCH that is available. This case is illustrated in the second SACCH period of the figure above.
Annex B contains several other cases detailing the DTX solution.
2.8
Activation / Signalling of Spread SACCH
Spread SACCH shall be used in DL and UL only when the BSS indicates that it shall be activated. Activation is done through Additional Channel Description IE, introduced for DL Repeated FACCH feature, and some of the spare bits are used to indicate Spread SACCH feature.
This IE is sent in ASSIGNMENT COMMAND, HANDOVER COMMAND, DTM ASSIGNMENT COMMAND and CHANNEL MODE MODIFY messages.
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	Spread SACCH
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	octet 1


Figure 3: Additional Channel Description information element

With the following coding:
Spread SACCH (Octet 1 bits 2 and 3)

The Spread SACCH field indicates whether the Spread SACCH shall be activated. It is coded as follows:

Bits
3 2

0 0
Spread SACCH shall not be activated

0 1
Spread SACCH shall be activated in DL and UL for AMR codec mode 4.75
1 0
Spread SACCH shall be activated in DL and UL for AMR codec modes 4.75, 5.15 and 5.9
1 1
Reserved for future use
When a certain codec is used in DL or UL, the format of the Spread SACCH shall be activated synchronously (either no Spread SACCH, or Spread SACCH with the correct puncturing pattern), as per indication in Additional Channel Description IE. There shall be no delay between the activation of a codec mode, and the activation of its associated Spread SACCH format.
If there is a change of codec mode in the middle of a SACCH period from a mode using Spread SACCH to a mode not using Spread SACCH or vice-versa, the receiver might be missing a part of the Spread SACCH to make a full soft combining operation, but it shall replace any missing bits with ‘0’.
MS shall indicate its support of the feature in a new field in Classmark 3:

< Spread SACCH Capability: bit >

Spread SACCH Capability (1 bit field) 
This field indicates whether the mobile station supports Spread SACCH or not. It is coded as follows:


0
The mobile station does not support Spread SACCH. 

1
The mobile station supports Spread SACCH.

2.9 Impacts on 3GPP Specs

The following specifications are impacted by the introduction of Spread SACCH feature:

· 3GPP TS 44.018
Modification to the Additional Channel Description IE for activation of the feature by the BSS.
· 3GPP TS 24.008
Addition of a new field in Classmark 3.
· 3GPP TS 45.003
Description of the specific channel coding for Spread SACCH (puncturing and mapping) and Secondary SACCH for DTX (mapping).
· 3GPP TS 45.005 
Performance requirements to be defined for UL and DL. 
· 3GPP TS 26.093 Annex A 
To provide principles of Secondary SACCH when in DTX.
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 a gain of 4dB when applying soft combining in the receiver, with a very little impact on voice quality, as the degradation of 0.22 in pMos is hardly audible for the user.

If TSG GERAN supports the proposal, Nortel will provide CRs to the specifications at GERAN#25.
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ANNEX A: simulation results (from GP-050296)
A1 – Spread SACCH gain

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 A1: Spread SACCH gain

A2 – Impact of Spread SACCH on voice quality
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.
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Fig A2: 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 A1: pMos degradation depending on Spread SACCH format
ANNEX B: DTX Cases

The figures below illustrate how Secondary SACCH shall be sent during DTX period.

Legends used in the following figures:


[image: image5]

[image: image6]
Fig B1: DTX case: last position where the Secondary SACCH can be sent, just before the last burst of the normal SACCH. 

[image: image7]
Fig B2: DTX case: Secondary SACCH cannot be sent in the first SACCH period, as the second SID_UPDATE frames falls after the last burst of the normal SACCH. Secondary SACCH is sent during the second SACCH period.



























3





2





1





0

















0





3





2





1





0








0





3





2








1





0





i





3





2





1





0





Normal speech frame





Speech frame, with a few bits punctured to send Spread SACCH





Idle 





Normal SACCH





120ms


x4 = 480ms








3

















2





1





0





Secondary SACCH during DTX





SID_UPDATE





ONSET





SID_FIRST























0










































































3





2





1





0





Speech frame





Secondary SACCH during DTX





SID_UPDATE
































ONSET





SID_FIRST





Speech frame





Speech frame, with Spread SACCH





Idle 





Normal SACCH





Speech frame, with Spread SACCH





Idle 





Normal SACCH









1

[image: image1][image: image8.bmp]