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Performance and MOS Tests Results for 8PSK HR Bearers

1 Introduction

The selection of 8PSK Half Rate coding schemes for voice bearers relies on objective and subjective performance criteria. This paper gives complete results concerning the performance (FER, Residual BER) and the subjective quality (evaluated with an informal MOS test procedure) of the 8 AMR modes for the proposed coding schemes. It is based on the agreement reached in TSG meeting in Boston ([4]).
2 Channel coding description

2.1 Stealing Flags

As specified in [4], two symbols per burst are reserved for stealing flags. These symbols are set around the training sequence.

2.2 Inband Signalling

Two inband bits per block are reserved for link adaptation mechanism. They are encoded with a block code in 12 air interface bits.

2.3 Reordering

Bits coming out the vocoder are reordered according to their subjective importance. Tables are the same as those used for TCH/AFS ([1]). There are no class 2 bits.

2.4 CRC for Class 1A

A 6-bit long CRC is generated from the class 1A bits. All coding schemes use the same polynomial, which is also the one used for TCH/AFS and TCH/AHS :
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The CRC is inserted between the class1A and the class 1B bits.

2.5 Convolutional Encoder

A convolutional code is applied to the whole block (Class 1A, CRC, and Class 1B). The constraint length is chosen equal to 7. It is proposed to reuse the existing polynomials defined in [1]:
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All modes use recursive systematic codes. The following table gives the polynomials of the feedforward and the feedback parts :

Vocoder Mode
Coding Rate
Feedforward polynomials
Feedback polynomial

AMR 12.2 
1/3
G4 G7 G5
G4

AMR 10.2
1/4
G4 G7 G5 G6
G4

AMR 7.95
1/4
G4 G7 G5 G6
G4

AMR 7.4
1/5
G4 G7 G5 G6 G4
G4

AMR 6.7
1/5
G4 G7 G5 G6 G4
G4

AMR 5.9
1/6
G4 G7 G5 G6 G4 G6
G4

AMR 5.15
1/6
G4 G7 G5 G6 G4 G6
G4

AMR 4.75
1/7
G4 G7 G5 G6 G4 G5 G6
G4

2.6 Puncturing Schemes

There are 12 bits reserved for in-band signalling per block, and 6 stealing bits per burst. So there are 
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bits available for speech bits. The number of punctured bits is given in the following table.

Codec Mode
Number of Punctured Bits

AMR 12.2
96

AMR 10.2
192

AMR 7.95
12

AMR 7.4
128

AMR 6.7
58

AMR 5.9
108

AMR 5.15
18

AMR 4.75
77

2.7 Interleaving

As specified in [4], the interleaving table of TCH/AHS is used for symbol interleaving. A pre-mapping (block interleaving of the bits) is applied.

3 Link Level Results

8PSK half-rate bearers are compared with TCH/AFS and TCH/AHS. All codec modes are  represented.

The simulations were done with the following parameters :

· 10000 frames (20000 bursts for half-rate channel mode, 40000 bursts for full-rate mode)

· TU03 ideal FH at 900 MHz

· Co-channel interferer

Simulations are static, meaning that the decoder knows a priori the codec mode and doesn’t need to decode the inband bits.

The receiver is considered as ideal. 

In conformance with [5], the error masks provided by Nortel have been used to generate errors on the 8-PSK HR channel. For TCH/AFS and TCH/AHS, error patterns were generated whose Raw BER performances are aligned with AEG patterns used for WB-AMR channel coding characterization ([8]).

GMSK FR refers to TCH/AFS channels, GMSK HR refers to TCH/AHS channels and 8PSK HR to 
O-TCH/AHS ones.

3.1 FER results

The eight following figures give Class 1A FER for all AMR modes
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These results are summarized in the following tables which detail for stepped values of the C/I ratio the corresponding FER values for 8PSK HR, GMSK FR and GMSK HR respectively.

FER for 8PSK-HR

Mode\ C/I[dB]
1
4
7
10
13
16

12.2
7.69e-01
5.41e-01
2.52e-01
7.17e-02
1.08e-02
8.00e-04

10.2
6.23e-01
3.41e-01
1.15e-01
2.20e-02
1.60e-03
2.00e-04

7.95
6.73e-01
3.95e-01
1.47e-01
2.90e-02
2.90e-03
0.00e+00

7.4 
5.66e-01
2.80e-01
8.27e-02
1.24e-02
1.00e-03
1.00e-04

6.7 
5.02e-01
2.21e-01
5.68e-02
6.80e-03
5.00e-04
1.00e-04

5.9 
4.43e-01
1.75e-01
3.98e-02
4.90e-03
2.00e-04
0.00e+00

5.15
4.01e-01
1.49e-01
3.01e-02
2.50e-03
3.00e-04
0.00e+00

4.75
3.28e-01
1.05e-01
1.89e-02
2.40e-03
1.00e-04
0.00e+00

FER for GMSK-FR

Mode\ C/I[dB]
1
4
7
10
13
16

12.2
5.33e-01
1.99e-01
4.15e-02
2.80e-03
2.50e-04
0.00e+00

10.2
4.17e-01
1.18e-01
2.11e-02
1.20e-03
0.00e+00
0.00e+00

7.95
2.15e-01
3.15e-02
3.15e-03
1.00e-04
0.00e+00
0.00e+00

7.4 
2.14e-01
3.29e-02
3.35e-03
0.00e+00
0.00e+00
0.00e+00

6.7 
1.40e-01
1.29e-02
9.00e-04
0.00e+00
0.00e+00
0.00e+00

5.9 
1.10e-01
1.02e-02
0.00e+00
0.00e+00
0.00e+00
0.00e+00

5.15
8.23e-02
7.40e-03
4.50e-04
0.00e+00
0.00e+00
0.00e+00

4.75
5.93e-02
3.10e-03
3.50e-04
0.00e+00
0.00e+00
0.00e+00

FER for GMSK-HR
Mode\ C/I[dB]
1
4
7
10
13
16
19

7.95
7.19e-01
4.52e-01
2.01e-01
6.17e-02
1.22e-02
2.70e-03
2.00e-04

7.4 
6.71e-01
3.93e-01
1.61e-01
4.52e-02
8.90e-03
1.10e-03
3.00e-04

6.7 
5.74e-01
2.92e-01
9.71e-02
2.18e-02
3.60e-03
6.00e-04
0.00e+00

5.9 
4.99e-01
2.23e-01
6.96e-02
1.19e-02
1.90e-03
2.00e-04
0.00e+00

5.15
3.82e-01
1.45e-01
3.26e-02
5.10e-03
8.00e-04
0.00e+00
0.00e+00

4.75
3.09e-01
1.05e-01
2.08e-02
1.80e-03
4.00e-04
0.00e+00
0.00e+00

3.2 RBER results for class B bits

The following figures give Residual BER 1B for all AMR modes.
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These results are summarized in the following tables which detail for stepped values of the C/I ratio the corresponding RBER 1B values for 8PSK HR, GMSK FR and GMSK HR respectively.

RBER 1B for 8PSK-HR
Mode\ C/I[dB]
1
4
7
10
13
16
19
22
25

12.2
8.21e-02
9.13e-02
5.60e-02
2.36e-02
6.78e-03
9.97e-04
1.44e-04
2.45e-05
1.23e-06

10.2
1.45e-01
1.15e-01
5.82e-02
1.87e-02
3.32e-03
2.21e-04
1.22e-05
0.00e+00
0.00e+00

7.95
3.08e-02
1.76e-02
6.83e-03
1.69e-03
2.06e-04
0.00e+00
0.00e+00
0.00e+00
0.00e+00

7.4 
3.80e-02
1.91e-02
6.33e-03
1.32e-03
1.05e-04
1.03e-05
0.00e+00
0.00e+00
0.00e+00

6.7 
4.76e-02
2.27e-02
7.63e-03
1.44e-03
9.75e-05
1.27e-06
0.00e+00
0.00e+00
0.00e+00

5.9 
4.02e-02
2.05e-02
5.74e-03
9.59e-04
8.89e-05
4.76e-06
0.00e+00
0.00e+00
0.00e+00

5.15
2.19e-02
8.81e-03
2.28e-03
2.77e-04
0.00e+00
0.00e+00
0.00e+00
0.00e+00
0.00e+00

4.75
2.63e-02
1.01e-02
2.29e-03
1.23e-04
2.14e-05
0.00e+00
0.00e+00
0.00e+00
0.00e+00

RBER 1B for GMSK-FR
Mode\ C/I[dB]
1
4
7
10
13
16

12.2
1.23e-01
7.68e-02
3.28e-02
7.27e-03
1.45e-03
1.55e-04

10.2
4.00e-02
1.51e-02
3.23e-03
2.38e-04
1.40e-05
0.00e+00

7.95
4.28e-02
1.07e-02
1.72e-03
5.00e-05
0.00e+00
0.00e+00

7.4 
2.04e-02
4.46e-03
5.63e-04
2.76e-05
0.00e+00
0.00e+00

6.7 
3.51e-02
7.28e-03
8.19e-04
2.15e-05
0.00e+00
0.00e+00

5.9 
1.34e-02
2.00e-03
1.71e-04
0.00e+00
0.00e+00
0.00e+00

5.15
1.32e-02
1.50e-03
8.06e-05
0.00e+00
0.00e+00
0.00e+00

4.75
7.99e-03
5.62e-04
1.61e-05
0.00e+00
0.00e+00
0.00e+00

RBER 1B for GMSK-HR

Mode\ C/I[dB]
1
4
7
10
13
16
19

7.95
5.26e-02
3.66e-02
2.08e-02
9.59e-03
3.59e-03
1.06e-03
2.98e-04

7.4 
4.21e-02
2.59e-02
1.33e-02
4.52e-03
1.24e-03
2.11e-04
1.19e-05

6.7 
4.06e-02
2.33e-02
1.06e-02
3.63e-03
1.04e-03
1.74e-04
1.09e-05

5.9 
2.74e-02
1.43e-02
4.99e-03
1.16e-03
2.83e-04
1.49e-05
8.51e-06

5.15
3.43e-02
1.70e-02
5.80e-03
1.14e-03
1.67e-04
9.52e-06
0.00e+00

4.75
2.02e-02
7.33e-03
1.91e-03
3.78e-04
1.59e-05
0.00e+00
0.00e+00

3.3 Link Level Results Summary

Previous results are summarized by the following tables, which give C/I values (in dB) required at FER = 1% and RBER 1B = 0.1% respectively, for each of the 8 AMR modes with the proposed 
O-TCH/AHS coding scheme, compared to TCH/AHS and TCH/AFS.

C/I values in dB at FER = 1%


12.2
10.2
7.95
7.4
6.7
5.9
5.15
4.75

TCH/AHS
-
-
13.4
12.8
11.3
10.3
8.9
7.9

O-TCH/AHS
13.1
10.9
11.4
10.2
9.4
9
8.3
7.9

TCH/AFS
8.5
7.6
5.4
5.4
4.2
4
3.6
2.8

C/I values in dB at RBER 1B = 0.1%


12.2
10.2
7.95
7.4
6.7
5.9
5.15
4.75

TCH/AHS
-
-
16.1
13.4
13.1
10.3
10.2
8.2

O-TCH/AHS
16
14.3
10.7
10.3
10.4
9.9
8.2
8.5

TCH/AFS
13.2
8.4
7.4
6
6.4
4.7
4.3
3.4

Listening Tests

To have a complete idea of 8PSK HR performance, an informal listening test has been done. As proposed in [5], AMR vocoders used with GMSK modulation (TCH/AFS and TCH/AHS) have been included as references. All the simulations for degraded speech, except MNRU conditions, have been run with co-channel interference, TU3 ideal frequency hopping channel. The codec adaptation was turned off and inband bits were not decoded. The following table describes the test procedure:

Type of test
ACR, compliant with ITU P800 methodology

Speech codec
AMR, ETSI fixed point C code ([3])

Codec Modes
All. Combinations of modes and C/I are given in table below.

References
Direct

MNRU, Q = 30, 24,18, 12, 6 dB

EFR C/I = 10 dB

Input Level
Nominal, -26 dBOVL

Input Characteristics
A-Law (for AMR only)

Send Filtering
TX Modified IRS (exclusive of SRAEN filter)

Receive Filtering
RX Modified IRS (exclusive of SRAEN filter)

Listening System
Headphone, 79 dB SPL

Randomizations
6 different orders, as detailed in [5]

Speech Material
Clean speech

Sentence pairs (8s each)

French language

Number of talkers
4 male, 4 female

Number of sentences
96*2 (96 samples of 2 sentences)

Number of listeners
24 naive listeners (6 groups of 4)

Presentation order
As specified in annex C of [5]

Total number of conditions
48 (see table below)

Number of votes per condition
96

Codec Mode
C/I 16 dB 
C/I 13 dB
C/I 10 dB
C/I 7 dB
C/I 4 dB
C/I 1 dB

GMSK FR 12.2
X
X





GMSK FR 10.2

X
X




GMSK FR 7.95


X
X



GMSK FR 7.4



X



GMSK FR 6.7



X



GMSK FR 5.9




X


GMSK FR 5.15




X


GMSK FR 4.75




X
X

GMSK HR 7.95
X






GMSK HR 7.4







GMSK HR 6.7

X





GMSK HR 5.9

X





GMSK HR 5.15

X
X




GMSK HR 4.75


X
X



8PSK HR 12.2
X






8PSK HR 10.2
X
X





8PSK HR 7.95

X
X




8PSK HR 7.4

X
X




8PSK HR 6.7


X
X



8PSK HR 5.9


X
X



8PSK HR 5.15



X



8PSK HR 4.75



X
X


Description of the conditions for AMR degraded speech

The following table gives the results of the subjective tests :

Condition
MOS
Confidence Interval 95 %

Direct
4.03
0.13

EFR 10 dB   
3.36
0.15

MNRU 30 dB   
4.04
0.13

MNRU 24 dB   
3.56
0.14

MNRU 18 dB  
2.34
0.12

MNRU 12 dB   
1.41
0.11

MNRU 6 dB    
1.03
0.03

AMR12.2 Clean  
3.99
0.14

AMR10.2 Clean  
3.83
0.16

AMR7.95  Clean  
3.81
0.18

AMR7.4 Clean  
3.72
0.17

AMR6.7 Clean  
3.5
0.19

AMR5.9 Clean  
3.46
0.17

AMR5.15 Clean  
3.33
0.17

AMR4.75 Clean  
3.09
0.17

AMR12.2 GMSK FR 16 dB
3.96
0.16

AMR12.2 GMSK FR 13 dB
3.74
0.19

AMR10.2 GMSK FR 13 dB
3.78
0.19

AMR10.2 GMSK FR 10 dB
3.69
0.19

AMR7.95 GMSK FR 10 dB  
3.72
0.18

AMR7.95 GMSK FR 7 dB
3.82
0.19

AMR7.4 GMSK FR 7 dB 
3.71
0.18

AMR6.7 GMSK FR 7 dB 
3.52
0.19

AMR5.9 GMSK FR 4 dB
2.96
0.15

AMR5.15 GMSK FR 4 dB
3.05
0.18

AMR4.75 GMSK FR 4 dB
3.11
0.17

AMR4.75 GMSK FR 1 dB 
1.98
0.19

AMR7.95 GMSK HR 16 dB
3.65
0.15

AMR6.7 GMSK HR 13 dB
3.15
0.13

AMR5.9 GMSK HR 13 dB
2.95
0.16

AMR5.15 GMSK HR 13 dB
2.89
0.17

AMR5.15 GMSK HR 10 dB
2.75
0.18

AMR4.75 GMSK HR 10 dB
2.74
0.15

AMR4.75 GMSK HR 7 dB
2.35
0.17

AMR12.2 8PSK HR 16 dB
3.99
0.18

AMR10.2 8PSK HR 16 dB
3.98
0.17

AMR10.2 8PSK HR 13 dB
3.88
0.17

AMR7.95 8PSK HR 13 dB
3.67
0.18

AMR7.4 8PSK HR 13 dB
3.72
0.19

AMR7.95 8PSK HR 10 dB
3.61
0.2

AMR7.4 8PSK HR 10 dB
3.46
0.18

AMR6.7 8PSK HR 10 dB
3.47
0.19

AMR5.9 8PSK HR 10 dB
3.26
0.17

AMR6.7 8PSK HR 7 dB
2.93
0.14

AMR5.9 8PSK HR 7 dB
2.89
0.17

AMR5.15 8PSK HR 7 dB
2.73
0.1

AMR4.75 8PSK HR 7 dB
2.72
0.11

AMR4.75 8PSK HR 4 dB
1.78
0.16
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Figure 2 shows the MOS scores for GMSK FR, GMSK HR and 8PSK HR AMR conditions. It gives the best result among the codec modes for each C/I value.

The Mean Opinion Scores show that for the same C/I value, 8PSK Half Rate modes are globally preferred to GMSK HR conditions. 

4 Conclusion

The link level performance and the MOS tests results tally one with the other. One can conclude from this study that :

· 8PSK Half Rate bearers perform better than GMSK HR ones for almost all codec modes.

For example, for AMR7.4 codec mode, the gain is around 2.5 dB, in term of FER (at 1%) and 
3 dB in term of RBER 1B (at 0,1%),

· there is a little degradation for lowest rate codec (AMR4.75) : 0.3 dB at 0,1% RBER 1B, less than 0.1 dB at 1% FER.

· the degradation compared to GMSK FR is around 5 dB for FER curves, and is confirmed by subjective evaluation for very low C/I values.
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Figure 2 : AMR MOS scores versus C/I

1.99

3.11

1.78

3.71

2.93

2.35

3.72

3.61

2.75

3.78

3.88

3.15

3.96

3.99

3.65

3.96

3.96

3.61



Chart2

		Direct		Direct		Direct

		EFR 10 dB		EFR 10 dB		EFR 10 dB

		MNRU 30 dB		MNRU 30 dB		MNRU 30 dB

		MNRU 24 dB		MNRU 24 dB		MNRU 24 dB

		MNRU 18 dB		MNRU 18 dB		MNRU 18 dB

		MNRU 12 dB		MNRU 12 dB		MNRU 12 dB

		MNRU 6 dB		MNRU 6 dB		MNRU 6 dB

		AMR12.2 Clean		AMR12.2 Clean		AMR12.2 Clean

		AMR10.2 Clean		AMR10.2 Clean		AMR10.2 Clean

		AMR7.95 Clean		AMR7.95 Clean		AMR7.95 Clean

		AMR7.4 Clean		AMR7.4 Clean		AMR7.4 Clean

		AMR6.7 Clean		AMR6.7 Clean		AMR6.7 Clean

		AMR5.9 Clean		AMR5.9 Clean		AMR5.9 Clean

		AMR5.15 Clean		AMR5.15 Clean		AMR5.15 Clean

		AMR4.75 Clean		AMR4.75 Clean		AMR4.75 Clean

		AMR12.2 GMSK FR 16 dB		AMR12.2 GMSK FR 16 dB		AMR12.2 GMSK FR 16 dB

		AMR12.2 GMSK FR 13 dB		AMR12.2 GMSK FR 13 dB		AMR12.2 GMSK FR 13 dB

		AMR10.2 GMSK FR 13 dB		AMR10.2 GMSK FR 13 dB		AMR10.2 GMSK FR 13 dB

		AMR10.2 GMSK FR 10 dB		AMR10.2 GMSK FR 10 dB		AMR10.2 GMSK FR 10 dB

		AMR7.95 GMSK FR 10 dB		AMR7.95 GMSK FR 10 dB		AMR7.95 GMSK FR 10 dB

		AMR7.95 GMSK FR 7 dB		AMR7.95 GMSK FR 7 dB		AMR7.95 GMSK FR 7 dB

		AMR7.4 GMSK FR 7 dB		AMR7.4 GMSK FR 7 dB		AMR7.4 GMSK FR 7 dB

		AMR6.7 GMSK FR 7 dB		AMR6.7 GMSK FR 7 dB		AMR6.7 GMSK FR 7 dB

		AMR5.9 GMSK FR 4 dB		AMR5.9 GMSK FR 4 dB		AMR5.9 GMSK FR 4 dB

		AMR5.15 GMSK FR 4 dB		AMR5.15 GMSK FR 4 dB		AMR5.15 GMSK FR 4 dB

		AMR4.75 GMSK FR 4 dB		AMR4.75 GMSK FR 4 dB		AMR4.75 GMSK FR 4 dB

		AMR4.75 GMSK FR 1 dB		AMR4.75 GMSK FR 1 dB		AMR4.75 GMSK FR 1 dB

		AMR7.95 GMSK HR 16 dB		AMR7.95 GMSK HR 16 dB		AMR7.95 GMSK HR 16 dB

		AMR6.7 GMSK HR 13 dB		AMR6.7 GMSK HR 13 dB		AMR6.7 GMSK HR 13 dB

		AMR5.9 GMSK HR 13 dB		AMR5.9 GMSK HR 13 dB		AMR5.9 GMSK HR 13 dB

		AMR5.15 GMSK HR 13 dB		AMR5.15 GMSK HR 13 dB		AMR5.15 GMSK HR 13 dB

		AMR5.15 GMSK HR 10 dB		AMR5.15 GMSK HR 10 dB		AMR5.15 GMSK HR 10 dB

		AMR4.75 GMSK HR 10 dB		AMR4.75 GMSK HR 10 dB		AMR4.75 GMSK HR 10 dB

		AMR4.75 GMSK HR 7 dB		AMR4.75 GMSK HR 7 dB		AMR4.75 GMSK HR 7 dB

		AMR12.2 8PSK HR 16 dB		AMR12.2 8PSK HR 16 dB		AMR12.2 8PSK HR 16 dB

		AMR10.2 8PSK HR 16 dB		AMR10.2 8PSK HR 16 dB		AMR10.2 8PSK HR 16 dB

		AMR10.2 8PSK HR 13 dB		AMR10.2 8PSK HR 13 dB		AMR10.2 8PSK HR 13 dB

		AMR7.95 8PSK HR 13 dB		AMR7.95 8PSK HR 13 dB		AMR7.95 8PSK HR 13 dB

		AMR7.4 8PSK HR 13 dB		AMR7.4 8PSK HR 13 dB		AMR7.4 8PSK HR 13 dB

		AMR7.95 8PSK HR 10 dB		AMR7.95 8PSK HR 10 dB		AMR7.95 8PSK HR 10 dB

		AMR7.4 8PSK HR 10 dB		AMR7.4 8PSK HR 10 dB		AMR7.4 8PSK HR 10 dB

		AMR6.7 8PSK HR 10 dB		AMR6.7 8PSK HR 10 dB		AMR6.7 8PSK HR 10 dB

		AMR5.9 8PSK HR 10 dB		AMR5.9 8PSK HR 10 dB		AMR5.9 8PSK HR 10 dB

		AMR6.7 8PSK HR 7 dB		AMR6.7 8PSK HR 7 dB		AMR6.7 8PSK HR 7 dB

		AMR5.9 8PSK HR 7 dB		AMR5.9 8PSK HR 7 dB		AMR5.9 8PSK HR 7 dB

		AMR5.15 8PSK HR 7 dB		AMR5.15 8PSK HR 7 dB		AMR5.15 8PSK HR 7 dB

		AMR4.75 8PSK HR 7 dB		AMR4.75 8PSK HR 7 dB		AMR4.75 8PSK HR 7 dB

		AMR4.75 8PSK HR 4 dB		AMR4.75 8PSK HR 4 dB		AMR4.75 8PSK HR 4 dB



m-ci

m

m+ci

Figure 1 : MOS scores
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Figure 2 : AMR MOS scores versus C/I
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