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Realisation and channel coding of 
new AMR bearers

1. Introduction

Based on existing NB-AMR codecs, GERAN R00 will introduce one new 8PSK half rate optimised voice bearer and may introduce one new 8PSK quarter rate optimised voice bearer. The purpose of this paper is to discuss the realisation and channel coding of those new bearers. Note that this paper does not cover the WB-AMR case.

For the new half rate and quarter rate optimised voice bearers over Iu-ps, the following combination of protocol mode is used:

· header stripping within PDCP

· transparent RLC

· dedicated MAC

· dedicated physical subchannel on the physical layer

In this paper no difference is made between A/Iu-cs and Iu_ps interfaces. The study is valid in both cases.

2. Speech Coder

The speech coder delivers to the channel encoder a sequence of blocks of data. One block of data corresponds to one speech frame (20ms) and the block length is different in each channel codec modes. 

The channel codec modes used for both HR and QR optimised voice bearers are identical to the one used for the full rate AMR speech channel (TCH/AFS) - see Table 1.

3. Channel coding

3.1 Subjective Ordering

The bits delivered by the speech encoder are rearranged according to subjective importance before channel coding. The bit ordering mechanism used for TCH/AFS is re-used for both HR and QR optimised voice bearers as described in the table below:

AMR Codec Mode
Number of speech bits delivered per block
Number of class 1 bits per block
Number of class 1a bits per block
Number of class 1b bits per block

12.2
244
244
81
163

10.2
204
204
65
139

7.95
159
159
75
84

7.4
148
148
61
87

6.7
134
134
55
79

5.9
118
118
55
63

5.15
103
103
49
54

4.75
95
95
39
56

Table 1. Bit ordering
3.2 Cyclic Code

A 6-bit CRC is used for error-detection. These 6 parity bits are generated by the cyclic generator polynomial g(D) = D6 + D5 + D3 + D2 + D1 + 1 from the class 1a bits as defined in  [1].

AMR Codec mode
Speech encoded bits
CRC protected bits
Number of bits after first encoding step

12.2
244
81
250

10.2
204
65
210

7.95
159
75
165

7.4
148
61
154

6.7
134
55
140

5.9
118
55
124

5.15
103
49
109

4.75
95
39
101

Table 2. Cyclic Code

3.3 Convolutional encoder

3.3.1 Constraint Length

In GSM specification [1] a constraint length of 7 is used for ECSD, EGPRS and some AMR modes, while a constraint length of 5 is used for most of the GMSK modulated full rate channels. 

For the new optimised voice bearers it is proposed to use a constraint length of 7.

3.3.2 Polynomials

It is suggested to use the existing polynomials defined in GSM specification [1]:

· G4 = 1 + D2 + D3 + D5 + D6
· G5 = 1 + D + D4 + D6
· G6 = 1 + D + D2 + D3 + D4 + D6
· G7= 1 + D + D2 + D3 + D6
In order to achieve low coding rates, the polynomials should be repeated.

3.3.3 Puncturing schemes

New puncturing schemes have to be designed for GERAN R00 optimised voice bearers. The optimisation of the puncturing schemes will be based on listening tests.

3.4 Interleaving

The following diagonal interleaving schemes are proposed for the new HR and QR optimised voice bearers:


0
2
4
6
…
frame number

…
1
1
2
2
3
3
4
4
5
5
…


0
0
1
1
2
2
3
3
4
4


Figure 1. Four bursts interleaving for HR 8PSK AMR
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Figure 2. Two bursts interleaving for QR 8PSK AMR
4. Associated Control Channels

For the optimised speech bearers, there are two associated control channels: FACCH and SACCH. Their mapping is channel rate dependent.

4.1 FACCH

It has been shown in [2] that FACCH should be GMSK modulated and therefore each FACCH block should replace four consecutive data bursts by four GMSK bursts.

4.1.1 Half Rate Optimised Voice Bearers

The mapping described below allows the FACCH to be mapped onto four consecutive GMSK bursts while the impact on the speech frames around is minimised. It does not have any delay impact, and the complexity increase it requires is negligible. The proposal consists in blanking two speech frames and changing the interleaving of two speech frames in order to fit one FACCH block as depicted below:
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Step 1. Two speech frames are blanked (number 2 and 3)
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Step 2. Change the interleaving of two speech frames (number 1 and 4)
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Step 3. Transmit FACCH over four full consecutive GMSK bursts.

4.1.2 Quarter Rate Optimised Voice Bearers

Because of the reduced interleaving depth used on quarter rate channels, the same optimised interleaving as for HR channels cannot be applied. The mapping is thus depicted as follows where four bursts are simply stolen:
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Figure 3. Burst stealing FACCH on a QR Speech TCH
Five speech frames are corrupted (number 2, 3, 4, 5 and 6)

4.2 Inband signalling

When FACCH transmission is based on bursts stealing, the FACCH is mapped over four full GMSK bursts which allows the identification to be based on the different phase rotation properties between 8PSK and GMSK modulations (3*(/8 and (/2, respectively). Therefrom the two symbols HL & HU of 8PSK bursts can be used for inband signalling such as fast power control.
4.3 SACCH

4.3.1 Half Rate Optimised Voice Bearers

It is proposed to reuse existing SACCH solution for half rate channels as described in [1].

4.3.2 Quarter Rate Optimised Voice Bearers

Document [3] has presented a way to transmit SACCH on quarter rate channels based on the incremental redundancy mechanism. The SACCH cycle is kept to 480ms in the typical channel conditions required by quarter rate channels. In more adverse channel conditions, the rate is then increased to 960ms. Besides link level performance has shown that 8PSK modulated SACCH/TQ performs better than the GMSK modulated one.

5. conclusion

In this document some suggestions are made in order to keep the complexity of the channel coding at a reasonable level by reusing what has already been standardised:
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