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Channel Coding for AMR signaling
on O-TCH/AHS

1. Introduction

The addition of the new 8PSK modulated half rate speech traffic channels (O-TCH/AHS) requires a new coding scheme to be defined for the following AMR signaling frames:

· ONSET

· SID_UPDATE

· SID_UPDATE_INH

· SID_FIRST_P1

· SID_FIRST_P2

· RATSCCH_MARKER

· RATSCCH_DATA.

This document briefly describes the information conveyed by these signaling frames and then describes and compares two alternatives for the new channel coding:

· new channel coding, and 

· simple re-use of the GMSK channel coding with repetition.

2. General information

Three pieces of information are carried by the AMR signaling frames:

· two bits of AMR signalling (mode command/mode request and mode indication) encoded into 16 bits;

· an identification marker of 212 bits, constructed by repeating a 9-bit or 11-bit sequence (only the RATSCCH_MARKER uses the 11-bit sequence);

· 35 bits of comfort noise, protected by a 14 bits CRC, and encoded by a convolutional encoder (r=1/4, k=5)

Table 1 describes the different AMR signaling frames that are used on half rate channels.

	AMR signaling frame
	Purpose
	Inband data
	Identification Marker
	DATA

	SID_FIRST_P1
	indicates end of speech, start of DTX (1st part)
	16
	9 * 24 - 4
	0

	SID_FIRST_P2
	indicates end of speech, start of DTX (2nd part)
	16
	9 * 24 - 4
	0

	SID_FIRST_INH
	inhibits the second part of a SID_FIRST_P1 frame if a speech onset occurs
	16
	9 * 24 - 4
	0

	ONSET
	tells the codec mode of the first speech frame after DTX
	16 * 8 - 14
	0
	0

	SID_UPDATE
	conveys comfort noise parameters during DTX
	16 + 16
	9 * 24 - 4
	(35 + 14) * 4

	SID_UPDATE_INH
	inhibits the second part of a SID_UPDATE frame if a speech onset occurs
	16
	9 * 24 - 4
	0

	RATSCCH_MARKER
	identifies RATSCCH frames
	16
	11 * 20 - 8
	0

	RATSCCH_DATA
	conveys the actual RATSCCH message
	16
	0
	(35 + 14) * 4


Table 1. AMR signalling for HR speech frame
3. Requirements for 8PSK AMR signalLing frames

The channel coding of the AMR signaling frames should fulfill the following requirements:

· sufficient link level performance when compared to the speech (the performance of TCH/AFS is a good reference)

· avoid blind detection of the modulation on O-TCH/AHS, i.e. everything should be 8PSK modulated.

· the same symbol interleaver/de-interleaver for speech and AMR signaling frames must be used (as it is already the case on TCH/AHS).

4. Channel Coding

The amount of data bits carried by the new 8PSK modulated AMR signaling frames, does not change. As a matter of fact the inband bits and the comfort noise are still the same. However when using the 8PSK modulation, the amount of available bits is naturally increased threefold. The channel coding has therefore to be increased. There are two straightforward solultions that are described below:

4.1 First Solution

The first solution consists in designing a new channel coding: 

1) the rate of the convolutional encoder for the comfort noise is decreased from 1/4 to 1/12, its constraint length increased to 7 (as done for the speech), and only the existing polynomials are used (G4,G5,G6,G7).
2) the 9 bits sequence of the identification marker is repeated 71 times instead of 24

3) the 2 inband bits are encoded into 48 bits instead of 16

Table 2 below summarizes the new channel coding:

	Information
	data bits
	TCH/AHS
	O-TCH/AHS

	
	
	coded bits
	type
	coded bits
	type

	Inband signaling
	2
	16
	Code Word
	48
	Code Word

	Identification Marker
	9
	212
	Repetition
( x 24)
	636
	Repetition
( x 71)

	Comfort Noise
	35 + 14 (CRC bits)
	212
	CC 
(K=5, 1/4)
	636
	CC
(K=7, 1/12)


Table 2. New coding on O-TCH/AHS
4.2 Second Solution

The figure below depicts the second solution:
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Figure 1. Solution Two
Transmitter : The channel coding that was standardized for the AMR signaling frames on TCH/AHS is reused until the interleaving step [1]. Each coded bit c(k) is then repeated three times in order to be converted into one symbol [2]. The resulting coded symbols C(k) are then interleaved as the coded bits of the TCH/AHS (i.e. symbols are interleaved instead of bits). Interleaved symbols are finally mapped onto 8PSK bursts for transmission over the air interface.

Receiver : After reception, the received symbols are de-interleaved as the coded bits of TCH/AHS (i.e. symbols are de-interleaved instead of bits). The coded symbols C(k) are then converted into bits c’(k) [2]. After the combining step, the soft value of the coded bits c(k) can be passed to the same channel decoder as the one that is used for the AMR signaling on TCH/AHS.

5. Comparison

5.1 Advantages & Drawbacks

Table 3 sums up the advantage and drawback of the 2 solutions.

	Coding
	Advantages
	Drawbacks

	Solution 1
	better link level performance ?
	high rate convolutional codes and high rate block codes are required

	Solution 2
	reuse existing channel coding

high rate convolutional codes and high rate block codes are avoided
	worse link level performance ?


Table 3. Advantage and Drawbacks of the different solutions

Obviously, the first solution is more complex than the second one. The next section investigates whether the added complexity is worthwhile or not.

5.2 Link Level Performance

Table 4 compares the link level performance of the lowest AMR mode (4.75), with the one of the comfort noise carried on SID_UPDATE, for both TCH/AFS and O-TCH/AHS (solution 2). The figures, including the inband data and the identification marker, are all given in Annex B. 

	Propagation
Channel
	Traffic Channel
	Speech
4.75kbit/s
	SID_UPDATE

	
	
	
	Comfort Noise
	Inband Bits

	TU3 iFH
	O-TCH/AHS
	6.7 dB
	6.5 dB / - 0.2 dB
	2.3 dB / - 4.4 dB

	
	TCH/AFS
	2.6 dB
	5.6 dB / +3 dB
	1.6 dB / - 1 dB

	TU3 noFH
	O-TCH/AHS
	16.3 dB
	14.8 dB / -1.5 dB
	9.4 dB / - 6.9 dB

	
	TCH/AFS
	13 dB
	14.6 dB / +1.6 dB
	9.1 dB / - 3.9 dB


Table 4. Performance of the SID_UPDATE compared to 
O-TCH/AHS4.75 and TCH/AFS4.75 (C/Ico @ 1% FER)

It appears that whereas on GMSK FR channels, the lowest AMR mode is 3dB better than the comfort noise conveyed on SID_UPDATE, on 8PSK HR the comfort noise becomes 0.2dB better than the lowest AMR mode. Moreover the link level performance of the inband bits is also improved when compared to the lowest AMR mode. While on GMSK FR channels there is only 1dB margin in TU3iFH, the margin is increased to 4.4dB on 8PSK HR channels.

Table 5 compares the link level results of the SID_UPDATE when the solution 1 and 2 are used (see Annex A). Emphasis is laid on the performance of the inband bits and comfort noise. The detection performance of the AMR identification markers are indeed not included because repeating 3n times the sequence, or repeating n times and then 3 times the same sequence should not make any difference.

	
	Solution 2
	Solution 1
	Difference

	Comfort Noise 
	6.5 dB
	6.5 dB (K=5)
	+0 dB

	
	
	5.9 dB (K=7)
	- 0.6 dB

	Inband Data
	2.3 dB
	2.4 dB
	+0.1 dB


Table 5. Comparison of the two coding scheme performance
The simulation results show that solution 1 slightly improves the performance of the comfort noise only. There is no difference concerning the performance of the inband data. Most of the other AMR signaling frame carrying inband data only, with an equivalent channel coding, the same results and the same conclusions can also be expected. Moreover, solution 2 already improves the performance quite much when compared to the GMSK full rate case. The comfort noise limited slight improvement of solution 1 is thus not worth the added complexity.

6. Conclusion

A new coding scheme for the AMR signaling frame is required on O-TCH/AHS. This document proposes to re-use the existing GMSK channel coding with a simple repetition. The resulting coding scheme has several benefits:

· it avoids blind detection of the modulation to be performed on O-TCH/AHS, i.e. everything is 8PSK modulated, and nothing is GMSK modulated.

· high rate convolutional codes and high rate block codes are avoided.

· the same interleaver/de-interleaver can be used for speech and AMR signaling on O-TCH/AHS as it is already the case on TCH/AHS.

· simple and efficient.

The corresponding CR to 45.003 is available in a companion contribution [3].
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Annex A
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Annex B
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