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Performance Analysis for 8-PSK Half Rate and Quarter Rate Voice Bearers

Note : a first version of this document has been presented to "TSG GERAN AdHoc on Release 4 and beyond" #2 under the number GAHW-000028.
1. Introduction

Narrow Band AMR vocoders are foreseen to be introduced in GERAN. This document evaluates the link level performance of the 8-PSK half-rate and quarter-rate voice bear​ers, for co-channel and adjacent channel interferers, and a set of codec/channel modes combinations.

2. Link Level Performance for Half Rate and Quarter Rate modes

2.1. Assumptions and Parameters

In this paper, we focus on four cases :

- AMR12.2 vocoder, half-rate mode

- AMR 7.4 vocoder, half-rate mode

- AMR 7.4 vocoder, quarter-rate mode

- AMR 5.9 vocoder, quarter-rate mode

2.1.1. Frame structure and bit reordering

Bits coming out of the vocoder are divided in two classes, class 1A, and class 1B, as in current AMR/GMSK full rate schemes. There are no class 2 bits. Bits are reordered related to their subjective importance as specified in [1]. 

2.1.2. CRC

A 6-bit CRC is calculated for error detection on Class1A bits. The generator polynomial is 

g(D) = 1+D+D2+D3+D5+D6
The CRC is inserted between the class1A and the class 1B bits. 

2.1.2. Convolutional Code

The speech bits (classes 1A and 1B) are then convolutionaly coded. The constraint length is K=7 for half-rate modes and K=5 for quarter-rate modes. It is proposed to reuse the existing polynomials defined in [1] :

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

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 quarter rate modes, generator polynomials G0..G3 are used, while G4...G7 are used for half rate modes. When necessary, some polynomials are repeated for low rate codes.

2.1.3. In-band signalisation

Two in-band bits corresponding to the vocoder used are coded separately in 12 bits for half-rate mode, and 8 bits for quarter-rate mode. These bits tell the decoder which decoding scheme it is to be used. In the simulations, when the decoded in-band bits are false, the whole frame is false and a frame erasure occurs. 

2.1.4. Stealing flags

As stated in [7], 6 stealing bits are inserted in each burst : the two 8-PSK symbols around the Training Sequence are thus reserved for stealing flags. There are 6 stealing bits per block in quarter rate mode and 12 in half rate mode. 

2.1.4. Puncturing

The number of punctured bits is calculated given the preceding assumptions. Unequal Error Protection schemes are used.

2.1.5. Interleaving

In order to keep the delay reasonable, the interleaving is done diagonally over four bursts in half-rate mode and over two bursts in quarter-rate mode.

The four schemes associated with the four cases are summarised in the table below :

Table 1:  Brief description of the coding schemes

AMR Mode
12.2 kbits/s
7.4 kbits/s
7.4 kbits/s
5.9 kbits/s

Channel Mode
Half Rate
Half Rate
Quarter Rate
Quarter Rate

Speech Frame 

Structure
Class 1A bits : 81

Class 1B bits : 163
Class 1A bits : 61

Class 1B bits : 87
Class 1A bits : 61

Class 1B bits : 87
Class 1A bits : 55

Class 1B bits : 63

CRC for class 1A bits
6
6
6
6

Convolu​tional Code
R = 1/3, K=7
R = 1/5, K=7
R = 1/3, K = 5
R = 1/3, K = 5

Puncturing
96 bits
128 bits
140 bits
50 bits

In-band Bits
12
12
8
8

Interleaving
diagonal over 4 bursts
diagonal over 4 bursts
diagonal over 2 bursts
diagonal over 2 bursts

Stealing Bits (per block)
12
12
6
6

2.2. Results

In all the following, HR stands for Half Rate mode, and QR for Quarter Rate mode. The channel profiles simulated are the following :

- TU03 with ideal frequency hopping,

- TU50 with ideal frequency hopping,

The carrier frequency is 900 MHz. Co-channel and first adjacent interferers cases are simulated. The number of blocks simulated is such that 106 speech bits were transmitted in each case.

The figures shown below give FER and Residual BER for class 1B. 

Some reference curves with GMSK full-rate and half-rate modes (TCH/AFS and TCH/ AHS) are also plotted.

2.2.1. Co-channel Interference
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2.2.2. First Adjacent Channel Interference
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3. Conclusion

This document  provides a range of performance results under various channel profiles, in both co-channel and adjacent channel interference conditions. The interest of 8PSK half-rate mode is illustrated: using  the same vocoder  (AMR7.4), 8PSK half-rate mode outperforms GMSK half-rate mode in the given scenarios. Namely, it provides better per​formance in co-channel cases while yielding slightly poorer results in adjacent channel cases. Quarter Rate mode has also been studied for AMR7.4 and AMR5.9 codecs and it has been shown that its usage should be reserved for good C/I conditions.

Further coding scheme optimisation has to be done according to subjective tests.
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