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Preliminary Performance 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 preliminary results concerning the performance (FER, Residual BER) and the subjective quality (evaluated with an informal MOS test procedure). It is based on the agreement reached in last 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 inband bits 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 previously applied.

3 Link Level Results

8PSK half-rate bearers are compared with TCH/AFS and TCH/AHS. To limit the number of figures, all codec modes are not represented.

The simulations were done with the following parameters :

· 80000 bursts (40000 frames for half-rate channel mode, 20000 frames 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.

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

The three following figures give Class 1A FER for AMR12.2, AMR7.4 and AMR4.75 modes.
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The following figures give Residual BER 1B for AMR12.2, AMR7.4 and AMR4.75 modes.
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The simulation results show that for high rate vocoders (AMR7.95 until AMR5.9), 8PSK HR mode performs better than GMSK HR mode. For example, for AMR7.4 codec mode, the gain is around 2 dB, in term of FER (at 1%) and RBER 1B (at 0,1%) as well. For low codec rates (AMR5.15, 4.75), GMSK HR performs a little better (0.4 dB for AMR4.75, at 1% FER and 0,1% RBER 1B). 

The degradation of 8PSK HR compared to current TCH/AFS is around 4-5 dB depending on the mode.

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
2 male, 2 female

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 (Original)
4.37
0.13

EFR 10 dB   
3.93
0.15

MNRU 30 dB   
4.14
0.13

MNRU 24 dB   
3.56
0.14

MNRU 18 dB  
2.33
0.11

MNRU 12 dB   
1.38
0.11

MNRU 6 dB    
1.03
0.07

AMR12.2 Clean  
3.96
0.15

AMR10.2 Clean  
3.83
0.15

AMR7.95  Clean  
3.68
0.14

AMR7.4 Clean  
3.56
0.14

AMR6.7 Clean  
3.63
0.14

AMR5.9 Clean  
3.45
0.12

AMR5.15 Clean  
3.13
0.16

AMR4.75 Clean  
2.83
0.17

AMR12.2 GMSK FR 16 dB
3.98
0.17

AMR12.2 GMSK FR 13 dB
3.97
0.15

AMR10.2 GMSK FR 13 dB
3.84
0.17

AMR10.2 GMSK FR 10 dB
3.73
0.18

AMR7.95 GMSK FR 10 dB  
3.69
0.18

AMR7.95 GMSK FR 7 dB
3.60
0.19

AMR7.4 GMSK FR 7 dB 
3.54
0.20

AMR6.7 GMSK FR 7 dB 
3.67
0.19

AMR5.9 GMSK FR 4 dB
3.08
0.16

AMR5.15 GMSK FR 4 dB
3.03
0.15

AMR4.75 GMSK FR 4 dB
3.05
0.15

AMR4.75 GMSK FR 1 dB 
1.99
0.18

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
2.90
0.14

AMR5.15 GMSK HR 13 dB
2.92
0.17

AMR5.15 GMSK HR 10 dB
2.53
0.13

AMR4.75 GMSK HR 10 dB
2.52
0.16

AMR4.75 GMSK HR 7 dB
2.18
0.14

AMR12.2 8PSK HR 16 dB
3.84
0.14

AMR10.2 8PSK HR 16 dB
3.83
0.15

AMR10.2 8PSK HR 13 dB
3.49
0.15

AMR7.95 8PSK HR 13 dB
3.74
0.17

AMR7.4 8PSK HR 13 dB
3.65
0.19

AMR7.95 8PSK HR 10 dB
2.82
0.13

AMR7.4 8PSK HR 10 dB
2.74
0.16

AMR6.7 8PSK HR 10 dB
2.75
0.19

AMR5.9 8PSK HR 10 dB
2.78
0.17

AMR6.7 8PSK HR 7 dB
2.11
0.07

AMR5.9 8PSK HR 7 dB
2.04
0.09

AMR5.15 8PSK HR 7 dB
2.07
0.12

AMR4.75 8PSK HR 7 dB
2.12
0.11

AMR4.75 8PSK HR 4 dB
1.33
0.12
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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 preliminary study that :

· 8PSK Half Rate bearers perform better than GMSK HR ones for high rate codec modes,

· there is a little degradation comparing lower rate codecs (AMR5.15, 4.75)

· 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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		EFR 10 dB		3.9271		0.1515		4.0786		3.7756

		MNRU 30 dB		4.14		0.1337		4.2737		4.0063

		MNRU 24 dB		3.5625		0.1386		3.7011		3.4239

		MNRU 18 dB		2.3333		0.1073		2.4406		2.226

		MNRU 12 dB		1.3854		0.1061		1.4915		1.2793

		MNRU 6 dB		1.0312		0.035		1.0662		0.9962

		AMR12.2 Clean		3.9583		0.1534		4.1117		3.8049

		AMR10.2 Clean		3.8229		0.1508		3.9737		3.6721

		AMR7.95 Clean		3.6771		0.1437		3.8208		3.5334

		AMR7.4 Clean		3.5625		0.1446		3.7071		3.4179

		AMR6.7 Clean		3.6354		0.1396		3.775		3.4958

		AMR5.9 Clean		3.4479		0.1156		3.5635		3.3323

		AMR5.15 Clean		3.125		0.1623		3.2873		2.9627

		AMR4.75 Clean		2.8333		0.1684		3.0017		2.6649

		AMR12.2 GMSK FR 16 dB		4		0.1742		4.1742		3.8258

		AMR12.2 GMSK FR 13 dB		3.9688		0.1521		4.1209		3.8167

		AMR10.2 GMSK FR 13 dB		3.8438		0.1701		4.0139		3.6737

		AMR10.2 GMSK FR 10 dB		3.7292		0.1753		3.9045		3.5539

		AMR7.95 GMSK FR 10 dB		3.6875		0.182		3.8695		3.5055

		AMR7.95 GMSK FR 7 dB		3.6042		0.1892		3.7934		3.415

		AMR7.4 GMSK FR 7 dB		3.5312		0.1989		3.7301		3.3323

		AMR6.7 GMSK FR 7 dB		3.6667		0.1851		3.8518		3.4816

		AMR5.9 GMSK FR 4 dB		3.0833		0.1633		3.2466		2.92

		AMR5.15 GMSK FR 4 dB		3.0312		0.1548		3.186		2.8764

		AMR4.75 GMSK FR 4 dB		3.0521		0.1518		3.2039		2.9003

		AMR4.75 GMSK FR 1 dB		1.9896		0.1777		2.1673		1.8119

		AMR7.95 GMSK HR 16 dB		3.6458		0.1535		3.7993		3.4923

		AMR6.7 GMSK HR 13 dB		3.1458		0.1329		3.2787		3.0129

		AMR5.9 GMSK HR 13 dB		2.9062		0.1394		3.0456		2.7668

		AMR5.15 GMSK HR 13 dB		2.9167		0.1659		3.0826		2.7508

		AMR5.15 GMSK HR 10 dB		2.5312		0.1264		2.6576		2.4048

		AMR4.75 GMSK HR 10 dB		2.5217		0.1617		2.6834		2.36

		AMR4.75 GMSK HR 7 dB		2.1771		0.1422		2.3193		2.0349

		AMR12.2 8PSK HR 16 dB		3.8438		0.1372		3.981		3.7066

		AMR10.2 8PSK HR 16 dB		3.8333		0.1527		3.986		3.6806

		AMR10.2 8PSK HR 13 dB		3.4896		0.148		3.6376		3.3416

		AMR7.95 8PSK HR 13 dB		3.7396		0.1747		3.9143		3.5649

		AMR7.4 8PSK HR 13 dB		3.6458		0.1903		3.8361		3.4555

		AMR7.95 8PSK HR 10 dB		2.8229		0.1298		2.9527		2.6931

		AMR7.4 8PSK HR 10 dB		2.7396		0.1622		2.9018		2.5774

		AMR6.7 8PSK HR 10 dB		2.75		0.1903		2.9403		2.5597

		AMR5.9 8PSK HR 10 dB		2.7812		0.1672		2.9484		2.614

		AMR6.7 8PSK HR 7 dB		2.1146		0.0703		2.1849		2.0443

		AMR5.9 8PSK HR 7 dB		2.0417		0.0914		2.1331		1.9503

		AMR5.15 8PSK HR 7 dB		2.0729		0.124		2.1969		1.9489

		AMR4.75 8PSK HR 7 dB		2.125		0.1096		2.2346		2.0154

		AMR4.75 8PSK HR 4 dB		1.3333		0.1163		1.4496		1.217
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