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Enhanced ACCH for AMR
1 Introduction

As discussed in GERAN#19, and explained in [1], [2], [3], AMR networks suffer today from some performance degradation due to robustness imbalance between AMR low modes speech channels and the associated control channels. Therefore, the performance of AMR is less than expected, as many drop calls and failed handovers are observed.
Both SACCH and FACCH suffer from insufficient coding robustness. It is thus proposed to improve their channel coding, in a way that takes into account as much as possible legacy receivers.

2 Spread SACCH
It is proposed to keep the existing SACCH unchanged, and send a second SACCH, containing exactly the same payload as the normal one, but sent along voice bursts, stealing a few bits in each speech half burst. Repeating the SACCH brings diversity gain, and spreading the information increases the robustness even more. The figure below shows the general idea:

[image: image9.bmp]
Fig 1: general principle of the Spread SACCH
The receiver would decode the Normal SACCH, and if the decoding fails, it could use soft combining between the Normal SACCH and the Spread SACCH.
The SACCH consists of 456 coded bits. There are several possibilities of spreading these 456bits over the speech bursts, but in any case, care should be taken not to steal the 8 bits of the speech frame used to carry in-band data in AMR (CMC/CMR and CMI).

This technique is independent from the AMR mode: it could be used for 4.75 only or also for higher modes if necessary.

2.1
Scheme A: Spread SACCH sent over 24 speech frames 

The first possibility is to uniformly spread the 456 bits on each of the 24 speech frames contained in the 480ms time period (=192 half speech bursts), starting right after the burst containing the first part of the Normal SACCH. It would mean that 456/192 = 2.375 bits should be sent in each speech half burst, i.e. 2 or 3 bits can be stolen among the 57 bits of each half burst. In this case, roughly 480 ms (480 – 4.615 = 475.385 ms) would be needed to receive the second SACCH, whereas the normal SACCH is received in roughly 360 ms (3*120 + 4.615 = 364.615 ms).

[image: image2]
Fig 2: Spread SACCH sent over 24 speech frames 
The exact position of the 2 or 3 punctured bits in each half speech burst is still open.
An alternative to the Scheme A could be to anticipate the transmission of the Spread SACCH of one 26-multiframe, so that it could end at the same time as the normal SACCH. However, this solution supposes that the SACCH is available early enough and has consequences on the intern sequencing of L1 and L2.

2.2
Scheme B: Spread SACCH sent over 18 speech frames
In order to avoid that the Spread SACCH takes longer to transmit than the normal SACCH, it can be imagined to send the Spread SACCH over 18 half speech bursts, starting right after the burst containing the first part of the Normal SACCH, and sent over the following 18 speech frames (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). The 456 bits being spread over 18 speech frames (= 144 half speech bursts), it means that each half speech frame would contain 456/144 = 3.167 bits of the new SACCH.

[image: image3]
Fig 3: Spread SACCH sent over 18 speech frames
2.3
Scheme C: Spread SACCH sent over 19 speech frames
In order to simplify the puncturing scheme, it could also be envisaged to steal 3 bits per half speech burst, which means that 456/3 = 152 half bursts are needed, and that corresponds to 19 speech frames. It would then take 360 + 4*4.615 = 378.46ms to send to Spread SACCH: 

[image: image4]
Fig 4: Spread SACCH sent over 19 speech frames
In order to synchronise the end of the transmission of both SACCH, it can also be proposed to anticipate the transmission of the Spread SACCH of 4 TDMA frames. 
2.4
Gain of the Spread SACCH and adjustment of the solution
The gain of the Spread SACCH can be estimated to roughly 5dB:

· 3dB due to diversity

· 2dB due to spreading: the information is better spread, thus more resistant to fading.

As a gain of 5dB is probably more than needed, the Spread SACCH solution could be tuned by puncturing this Spread SACCH: instead of repeating entirely the normal SACCH in the Spread SACCH, the 456 bits could be punctured at a 1/3 rate or even 1/2.
The voice quality would be less impacted. The gain would be around 1.5-2dB, which could be sufficient to alleviate the problem of SACCH reception when radio conditions are very poor.

On the other hand, if more robustness in the coding of the SACCH is desired, a further improvement could be to send the Spread SACCH with a different coding than the normal SACCH (for instance a coding similar to what is proposed for FACCH in §3).

2.6
Impact on speech quality
Some simulations have been run to study the impact of the Spread SACCH on speech quality, due to the puncturing of a few bits in each burst.

The simulation conditions are 900MHz, TU3 iFH, run on 2860 speech bursts with AMR 4.75 codec. Only class 1b have been stolen, in order to minimize the degradation of voice quality. Thus FER performances are unchanged before and after the puncturing. The curves correspond to Residual BER 1b with 1, 2 or 3 bits per half dummy burst punctured on 75% of the speech frames (assuming Spread SACCH is sent over 18 frames, see Scheme B).
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Fig 5: Stealing of speech bits for Spread SACCH - impact on rBer1b performances
A delta of about 2dB on rBER 1b can be expected when 3 bits per half burst are stolen. A pMOS study would be needed in order to have a better idea of the perceived voice degradation.
2.7
DTX case

In case of DTX, Spread SACCH cannot 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: image6]Fig 6: Secondary SACCH in case of DTX

2.8
AMR HR channels
The proposals presented above are applicable to HR case also, but around 6 bits per half speech burst would need to be punctured. However, HR channels do not suffer from the same problem, as they are not more robust than ACCH channels. There is no particular imbalance between speech and signalling channels in the case of HR.
2.9
Backward compatibility

This proposal of Spread SACCH ensures full 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.
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 Enhanced FACCH
A solution to improve the robustness of the FACCH is also proposed here.

It was suggested in [3] to repeat the FACCH twice, with exactly the same payload. This solution seems to be the most straightforward, but is not compatible with legacy receivers that will receive twice the same FACCH. 

An alternative would be to send the second FACCH with a slightly different coding, either using different polynomials or a different interleaving scheme. With this method, legacy receivers would not be able to decode the second FACCH, and would simply discard the frame.
Here is an example of coding that can be used for FACCH: it would result in a first frame identical to the normal FACCH, and a second frame, the Incremental FACCH “iFACCH”, the combination of the 2 being protected by a ¼ convolutional encoder, as explained below.
It is proposed to code the 184 information bits with 40 bits CRC and then a ¼ rate convolutional code using the following polynomials:

G0 = 1 + D3 + D4
G1 = 1 + D + D3 + D4
G2 = 1 + D2 + D4
G3 = 1 + D + D2 + D3 + D4

[image: image7]
Fig 7: Coding principle of iFACCH

As per 3GPP TS 45.003, the normal FACCH coding uses these polynomials G0 and G1 in the convolutional encoder with ½ rate. Thus the output of the first 2 polynomials G0 and G1 of the ¼ convolutional encoder provide exactly the same bits as the normal FACCH coding. These bits would be sent in the four bursts normally used by the FACCH.

The rest of the bits, output from G2 and G3, would be sent on the incremental FACCH.

The receiver would decode 

· only the normal FACCH using ½ convolutional decoder, 

· and if the decoding fails, normal FACCH + iFACCH together, using ¼ convolutional decoder.


[image: image8]
Fig 8: Incremental FACCH 
This solution is compatible with legacy receivers: they will decode the normal FACCH as usual, and will disregard the iFACCH as they will not be able to decode them. The new receiver will decode the iFACCH together with the normal FACCH. Like for Spread SACCH, the use of this enhanced FACCH could be either linked to one or several codec modes (systematic with AMR 4.75 mode for instance), or signaled explicitly in dedicated messages.

This type of coding is more efficient than a simple repetition of the normal FACCH and is compatible with legacy receivers.
4 Conclusion
This paper presents some solutions in order to solve the issue of performance imbalance between AMR low modes speech channels and the associated control channels. Both solutions for SACCH and FACCH ensure backward compatibility with legacy receivers.
· SACCH enhancement: 

Spread SACCH: send a second SACCH, containing exactly the same payload as the normal one, but sent along voice bursts, stealing a few bits in each speech half burst. Optimisations of this solution are possible on the time needed to send the Spread SACCH (24, 18 or 19 frames). It can also be beneficial to puncture the Spread SACCH in order to achieve exactly the gain necessary.

· FACCH enhancement:

Incremental FACCH: it is proposed to send a secondary FACCH, in the frame following the normal FACCH, using a different coding (polynomials or interleaving scheme).
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