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Testing of AMR-NB on 8-PSK half-rate channels
1 Introduction

This document gives the results from the subjective listening tests performed for AMR-NB codec on 8-PSK half-rate channels. Testing is conducted as a paired comparison test against the baseline code provided by Ericsson. General outlines of the designed channel codec are also represented. Test is performed according to the Tdoc GP-010971. 

Additionally objective FER/RBER figures are presented for all the modes. Results are represented for all the codec modes on 8-PSK channel using the error patterns generated for subjective testing [4] (by Nortel Networks). The length of the simulation was 10000 frames in order to utilise all the data in the error pattern files. Graphical presentation of the objective results includes also results for the baseline codec.

2 Description of the channel codec

2.1 Subjective importance ordering

Subjective importance ordering specified for AMR-NB codec in GSMK channels is used [1].

2.2 Stealing Flags

Two symbols around the training sequence are reserved to signal pre-emption.

2.3 Inband signalling

Twelve bits were reserved for inband signalling. No inband were actually sent and the bits were filled with zeros in the tested codec.

2.4 Class 1a and CRC 

The number of class 1a bits is exactly the same than is specified for AMR-NB codec in GSMK FS channel [1]. Six bits CRC was used in all modes for error detection. The number of bits and the CRC polynomial are the same as specified for AMR-NB codec in GMSK channels [1].

2.5 Convolutional polynomials

Punctured systematic recursive codes were used for all modes with the coding rates from 1/3 ….1/7. Coding rates used convolutional polynomials and the number of punctured bits is given in the following table.

	Mode
	Source Bits
	Convolutional
Code Rate
	Convolutional Polynomials
	Recursive
Polynomial
	Convolutional
Coded Bits
	Punctured Bits

	12.20
	244
	1/3
	G4,G5,G7
	G7
	768
	96

	10.20
	204
	1/4
	G4,G5,G6,G7
	G7
	864
	192

	7.95
	159
	1/4
	G4,G5,G6,G7
	G7
	684
	12

	7.40
	148
	1/5
	G4,G4,G5,G6,G7
	G7
	800
	128

	6.70
	134
	1/5
	G4,G4,G5,G6,G7
	G7
	730
	58

	5.90
	118
	1/6
	G4,G4,G5,G6,G6,G7
	G7
	780
	108

	5.15
	103
	1/6
	G4,G4,G5,G6,G6,G7
	G7
	690
	18

	4.75
	95
	1/7
	G4,G4,G5,G5,G6,G6,G7
	G7
	749
	77


2.6 Symbol mapping & Interleaving

Symbol mapping and interleaving is performed as in the baseline codec.

3 Listening test description

The subjective testing was carried out as a paired comparison experiment using 24 listeners. Four talkers and 6 sentence pairs per talker were used. The listeners were divided into 6 groups of four listeners where each listener heard one sentence pair per talker. Table below shows which conditions were used for each of the AMR modes. The conditions were selected according to the Tdoc GP-010971. For each tested condition, the proposed channel coding was compared against the baseline coding. All the conditions were tested using all four talkers. Every condition was also repeated two times with the order of compared sentence pairs reversed.

	Condition
	Tested codec [kbit/s]
	Test Condition

	1. 
	12.20
	8-PSK HR – 16 dB

	2. 
	10.20
	8-PSK HR – 16 dB

	3. 
	12.20
	8-PSK HR – 13 dB

	4. 
	10.20
	8-PSK HR – 13 dB

	5. 
	7.95
	8-PSK HR – 13 dB

	6. 
	7.40
	8-PSK HR – 13 dB

	7. 
	10.20
	8-PSK HR – 10 dB

	8. 
	7.95
	8-PSK HR – 10 dB

	9. 
	7.40
	8-PSK HR – 10 dB

	10. 
	6.70
	8-PSK HR – 10 dB

	11. 
	5.90
	8-PSK HR – 10 dB

	12. 
	7.95
	8-PSK HR – 07 dB

	13. 
	7.40
	8-PSK HR – 07 dB

	14. 
	6.70
	8-PSK HR – 07 dB

	15. 
	5.90
	8-PSK HR – 07 dB

	16. 
	5.15
	8-PSK HR – 07 dB

	17. 
	4.75
	8-PSK HR – 07 dB

	18. 
	6.70
	8-PSK HR – 04 dB

	19. 
	5.90
	8-PSK HR – 04 dB

	20. 
	5.15
	8-PSK HR – 04 dB

	21. 
	4.75
	8-PSK HR – 04 dB


4 Listening test results

The following figure summarises the test results. Dashed lines are lower and upper 95% confidence levels. Positive scores means preference for the tested codec, negative scores preference for the baseline codec. The scores between two dashed lines are considered to be statistically equal.
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5 Summary of the objective results

Annex A gives the graphical comparison of the objective results against the baseline codec.

5.1 Frame error rates (FER)

	Mode
	C/I [dB]

	
	1
	4
	7
	10
	13
	16

	12.20
	0.84212
	0.56394
	0.25577
	0.06689
	0.00940
	0.00070

	10.20
	0.77352
	0.46945
	0.18668
	0.04140
	0.00460
	0.00030

	7.95
	0.67803
	0.36306
	0.11479
	0.01940
	0.00240
	0.00030

	7.40
	0.60274
	0.29297
	0.07889
	0.01290
	0.00060
	0.00020

	6.70
	0.53095
	0.23138
	0.05619
	0.00660
	0.00050
	0.00020

	5.90
	0.47785
	0.18608
	0.04210
	0.00440
	0.00030
	0.00000

	5.15
	0.41426
	0.14309
	0.02860
	0.00250
	0.00020
	0.00000

	4.75
	0.35287
	0.11089
	0.02000
	0.00180
	0.00010
	0.00000


5.2 Residual bit error rates (in class 1b)

	Mode
	C/I [dB]

	
	1
	4
	7
	10
	13
	16

	12.20
	0.13229
	0.08209
	0.04274
	0.01539
	0.00367
	0.00040

	10.20
	0.08930
	0.04739
	0.01887
	0.00520
	0.00085
	0.00005

	7.95
	0.04421
	0.01857
	0.00629
	0.00152
	0.00014
	0.00002

	7.40
	0.05465
	0.02504
	0.00882
	0.00171
	0.00018
	0.00001

	6.70
	0.04954
	0.02109
	0.00631
	0.00140
	0.00003
	0.00001

	5.90
	0.03435
	0.01478
	0.00403
	0.00064
	0.00002
	0.00000

	5.15
	0.02569
	0.00981
	0.00266
	0.00025
	0.00000
	0.00000

	4.75
	0.02862
	0.01043
	0.00233
	0.00026
	0.00000
	0.00000


6 Conclusion

Test results show good results for proposed AMR-NB channel coding for 8-PSK half-rate channel. The performance of the codec in 8-PSK channel is usually slightly better than the baseline codec. In nine cases out of 21 tested conditions, the proposed method is statistically better than the baseline. In ten conditions, it is statistically equal. There is only single condition where the baseline codec was statistically better.

The proposed method is especially strong with the highest bit-rates (12.2 and 10.2) in high C/I-ratios and in the very bad channel conditions (C/I=4dB).
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Annex A: Objective results
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Figure 1: Objective results of mode 12.2 kbit/s of proposed codec and baseline reference
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Figure 2: Objective results of mode 10.2 kbit/s of proposed codec and baseline reference
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Figure 3: Objective results of mode 7.95 kbit/s of proposed codec and baseline reference
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Figure 4: Objective results of mode 7.4 kbit/s of proposed codec and baseline reference
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Figure 5: Objective results of mode 6.7 kbit/s of proposed codec and baseline reference
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Figure 6: Objective results of mode 5.9 kbit/s of proposed codec and baseline reference

[image: image8.wmf]1.0E-3

1.0E-2

1.0E-1

1.0E+0

1

4

7

10

13

16

C/I [dB]

FER/RBER

Nokia FER

Nokia RBER

Baseline FER

Baseline RBER


Figure 7: Objective results of mode 5.15 kbit/s of proposed codec and baseline reference
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Figure 8: Objective results of mode 4.75 kbit/s of proposed codec and baseline reference
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