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8PSK HR Voice Bearer performance

1 Background

An 8-PSK HR optimized AMR voice bearer may have some interesting features compared to the already standardized TCH/AHS GMSK HR bearer. One is the possibility to use all eight AMR modes thus making the clean channel speech quality of the HR bearer equal to that of the FR (TCH/AFS) bearer and possibly simplify tandem free connection between half rate and full rate. 

Another interesting property of an 8-PSK HR bearer would be increased channel robustness compared to GMSK HR. Such improvements in robustness has already been reported in several earlier contributions [1], [2]. There is also a requirement document [3] which reflects the desire to have an 8-PSK HR bearer with increased robustness to improve system capacity. 

In this contribution a comparison is made between the performance of the TCH/AFS, TCH/AHS and an 8-PSK HR bearer. The comparison is based both on channel coding statistics and also a formal listening test. 

2 8-PSK HR channel coding

Channel coding schemes for all eight AMR modes have been designed for 8-PSK HR. The coding scheme follows the “guidelines” in [8] which means that it is based on existing polynomials and TCH/AFS class allocation. 

During the design, the performance has been assessed by statistical measures like FER and RBER as well as informal expert listening in a similar way as when the channel coding for TCH/AFS and TCH/AHS was developed. 

The total number of available bits on the 8-PSK HR air interface is 696 bits per 20 ms speech frame. No extra overhead, i.e. no compressed IP/UDP/RTP header or RLC/MAC header is assumed for the 8-PSK HR bearer. 

2.1 Interleaving

The same type of diagonal interleaving as for TCH/AHS has been used for 8-PSK HR.

2.2 Stealing bits

Eight of the least sensitive bits in the 8-PSK mapping have been set aside per burst for stealing bits. This means that for each 20 ms speech frame 16 of the available 696 bits are not used for the speech payload. Note that this is not necessarily a proposal from Ericsson, it is only to have a reasonable assumption of the number of speech payload bits.   

2.3 Inband coding

The same link adaption and inband channel as for TCH/AFS and TCH/AHS is assumed. The protection of the inband channel is however different compared to TCH/AFS and TCH/AHS. Two information bits are sent every frame thus allowing a mode set of maximum four modes. Mode indication and mode command/request alternates allowing modes changes every 40 ms.

The two information bits are encoded with a block code to a total of 27 air interface bits. These bits are mapped on the most sensitive bits of the 8-PSK symbols.

2.4 CRC encoding

All schemes uses the same polynomial, g(D) = D6 + D5 + D3 + D2 + D + 1, to generate the 6 CRC parity for the class 1A bits. This is the same polynomial as used in TCH/AFS and TCH/AHS.

The same allocation of bits into classes as in TCH/AFS is used. Table 1 shows this allocation.

AMR mode
Total number of bits
Number of class 1A bits
Number of class 1B bits
Number of class 2 bits

MR475
95
39
56
0

MR515
103
49
54
0

MR59
118
55
63
0

MR67
134
55
79
0

MR74
148
61
87
0

MR795
159
75
84
0

MR102
204
65
139
0

MR122
244
81
163
0

Table 1.  8-PSK HR class allocation

2.5 Convolutional encoding

The following four polynomial from the GSM 05.03 [4] specification are used for the convolutional encoding.

G4 = D6 + D5 + D3 + D2 + 1

G5 = D6 + D4 + D + 1

G6 = D6 + D4 + D3 + D2 + D + 1

G7 = D6 + D3 + D2 + D + 1

The channel coding schemes for all 8-PSK HR modes uses a RSC, recursive systematic code. Table 2 shows an overview of how the 653 (=696-16-27) bit code words are generated.

AMR mode
Feed forward polynomials
Feedback polynomial
Code rate for class 1A and CRC
Average code rate for class 1B
Number of bits punctured

MR475
G4 G4 G5 G5 G6 G6 G7
G6
3/19
3/17
96

MR515
G4 G4 G5 G6 G6 G7
G6
3/18
3/16
37

MR59
G4 G4 G5 G6 G6 G7
G6
3/16
3/14
127

MR67
G4 G4 G5 G6 G7
G6
6/28
6/26
77

MR74
G4 G4 G5 G6 G7
G6
4/17
4/16
147

MR795
G4 G5 G6 G7
G6
9/36
9/32
31

MR102
G4 G5 G6 G7
G6
4/13
4/11
211

MR122
G4 G5 G6
G5
5/14
5/11
115

Table 2. 8-PSK HR Channel Coding

The puncturing is designed to give an even protection of the class 1A bits while the protection within class 1B is not equal to reflect the individual error sensitivity of the class 1B bits. The property of the 8-PSK symbol mapping with one bit more sensitive than the other two is exploited when the coded bits are mapped to symbols similar to the TDMA-HR channel coding for AMR under development in TIA TR45.3.5.
3 Statistical Results

The curves in figure 1 - 8 show the frame erasure rate (FER) for GMSK FR (TCH/AFS), GMSK HR (TCH/AHS) and 8-PSK HR. All simulations are TU3, ideal frequency hopping, and no receiver impairments. The length of the simulations is 10000 speech frames. For AMR the ideal mode switching threshold is below 1% FER which means that FER comparisons are not so relevant for higher FER with the exception of the most robust mode in a mode set, normally the MR475 mode.
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Figure 1. FER MR122
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Figure 2. FER MR102
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Figure 3. FER MR795
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Figure 4. FER MR74
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Figure 5. FER MR67
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Figure 6. FER MR59
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Figure 7. FER MR515
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Figure 8. FER MR475

4 Listening test

In addition to the simulations described in section 3 a formal listening test has been done. The ETSI fixed point c-code [5] was used to simulate the AMR speech coder. The test was done at static C/I conditions (TU3, ideal frequency hopping). The AMR adaption was turned off but the decoded inband bits was used by the channel decoder to select decoding mode, i.e. an error in the decoded inband bits may result in an erased frame. To limit the listening test to a feasible size not all modes where tested for all C/I points.

The same radio channel simulator that was used for the statistical results in section 3 was used to create the speech samples for the listening test. Some additional data about the test:

· ACR test according to ITU P.800 methodology ("MOS-test")

· 30 non-expert listeners

· 6 randomization groups with presentation order and source sample randomization

· Monaural listening in headphones 79 dB SPL

· Hooth noise 25 dBA in listening room

· High quality recorded Swedish speech source material -26 dBOV

· 2 male and 2 female talkers per condition 

· 8 seconds long sentence pair per talker and condition

· Source material mod-IRS send filtered

· Processed material mod-IRS receive filtered

· Same 32 s fading channel realization used for all GSM/EDGE degraded channel conditions

· Original, G.726 32 kb/s ADPCM, GSM-EFR, TDMA-EFR  and 5 MNRU references

· Total 48 conditions

Table 3 shows the results for all conditions. The curve in figure 9 shows the MOS score for GMSK-FR, GMSK HR and 8-PSK HR with "ideal adaption" where the mode with the highest score is picked for each condition. 

Condition
MOS
CI 95%

Original
4,17
0,14

G.726
3,69
0,16

GSM EFR 10 dB C/I
3,61
0,16

IS-641 17 dB C/I 7 Hz
2,89
0,17

IS-641 17 dB C/I 77 Hz
3,36
0,17

MNRU 6 dB
1,25
0,08

MNRU 12 dB
1,97
0,12

MNRU 18 dB
3,13
0,15

MNRU 24 dB
3,79
0,16

MNRU 30 dB
4,11
0,15

MR122 Clean
3,98
0,14

MR102 Clean
3,83
0,15

MR795 Clean
3,68
0,15

MR74 Clean
3,70
0,15

MR67 Clean
3,64
0,15

MR59 Clean
3,56
0,16

MR515 Clean
3,31
0,15

MR475 Clean
2,95
0,14

MR122 GMSK-FR 16 dB
3,95
0,14

MR122 GMSK-FR 13 dB
3,87
0,15

MR102 GMSK-FR 13 dB
3,86
0,14

MR102 GMSK-FR 10 dB
3,79
0,13

MR795 GMSK-FR 10 dB
3,55
0,15

MR795 GMSK-FR 7 dB
3,77
0,15

MR74 GMSK-FR 7 dB
3,78
0,14

MR59 GMSK-FR 4 dB
3,26
0,18

MR515 GMSK-FR 4 dB
3,02
0,16

MR475 GMSK-FR 1 dB
2,32
0,15

MR795 GMSK-HR 16 dB
3,82
0,15

MR59 GMSK-HR 13 dB
3,40
0,16

MR59 GMSK-HR 10 dB
3,17
0,16

MR475 GMSK-HR 10 dB
2,95
0,15

MR475 GMSK-HR 7 dB
2,68
0,14

MR475 GMSK-HR 4 dB
1,64
0,12

MR122 8-PSK-HR 16 dB
3,98
0,16

MR102 8-PSK-HR 16 dB
3,80
0,15

MR102 8-PSK-HR 13 dB
3,73
0,13

MR795 8-PSK-HR 13 dB
3,62
0,15

MR67 8-PSK-HR 13 dB
3,67
0,14

MR795 8-PSK-HR 10 dB
3,24
0,16

MR67 8-PSK-HR 10 dB
3,34
0,14

MR59 8-PSK-HR 10 dB
3,43
0,16

MR67 8-PSK-HR 9 dB
3,26
0,15

MR59 8-PSK-HR 9 dB
3,28
0,16

MR475 8-PSK-HR 9 dB
3,03
0,14

MR515 8-PSK-HR 7 dB
2,79
0,14

MR475 8-PSK-HR 7 dB
2,59
0,14

MR475 8-PSK-HR 4 dB
1,49
0,11

Table 3. MOS scores
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The resulting MOS curves for GMSK FR and GMSK HR are similar to the GSM 06.75 characterization test [6] although it is important to note that results from different listening tests can not be directly compared with each other. In this case the radio simulator for GMSK is not the same as the ETSI AMR radio simulator that was used in the GSM AMR characterization which means that a direct comparison of the degraded channel conditions can not be done.

Condition
MOS
GMSK FR
GMSK HR
8-PSK HR

GSM EFR 10 dB C/I
3,61
5.5 dB
14.5 dB
11.5 dB

TDMA-EFR 17 dB C/N 7 Hz
2,89
2.5 dB
8 dB
7.5 dB

TDMA EFR 17 dB C/N 77 Hz
3,36
4.5 dB
13 dB
9.5 dB

Table 4.  Reference conditions

Table 4 shows the scores of the GSM-EFR and TDMA references and the C/I level for the corresponding quality for the AMR cases. The GSM-EFR reference was simulated with the same radio simulator as the AMR cases. The TDMA reference was simulated using software distributed in TR 45.3.5 during the TDMA-EFR standardization.

5 Summary

The listening test results confirms what can be seen in the FER curves: 8-PSK HR gives a speech quality improvements for medium to high C/I but it does not improve the robustness at low C/I compared to TCH/AHS. The target requirement in [3] of a 3-4 dB delta from TCH/AFS is not met. At the suggested point, MR74 1% FER, the FER curves show a 5.5 dB delta and approximately the same difference can be seen in the listening test results.
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