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Introduction


This document describes the relation between speech quality and the channel distortion introduced by unequal error protection (UEP) schemes compared to equal error protection (EEP) schemes. In the comparison made, the gain in reduced overall interference by using UEP is not under discussion. The investigation concentrates on the error ratios of the different classes in the UEP schemes. The operating point in the simulations was chosen to be in the range 0.5 to 2.0 % class A FER.


� REF _Ref461272111 \h ��Table 1� shows the AMR codec modes considered in this paper, their bit rates and the number of class A, B and C bits.


 Codec mode�
Bitrate (kbit/s)�
Class A bits�
Class B bits�
Class C bits�
�
MR122�
12.2�
81�
103�
60�
�
MR102�
10.2�
65�
99�
40�
�
MR74�
7.4�
61�
87�
0�
�
MR475�
4.75�
39�
56�
0�
�
Table � SEQ Table \* ARABIC �1� AMR Codec modes and class definitions


Abbreviations


The abbreviations used in this contribution are given below.





A-BER	Bit error rate of class A bits


B-BER	Bit error rate of class B bits


C-BER	Bit error rate of class C bits


CRC 	Cyclic redundancy check 


CHC	CHannel Coding


UEP  	Unequal Error Protection; means that A-BER<B-BER<C-BER


EEP	Equal Error Protection; means that A-BER, B-BER, C-BER are approximately equal.


A-FER 	Frame Error Rate detected by a 12-bit application CRC calculated over the class A bits


UED	Unequal Error Detection


EED	Equal Error Detection


PSQM	Perceptual Speech Quality Measure  (according to P.861)





Objectives


The objective of the study was to find the subjectively motivated UEP operation points for the AMR codec. These operation points correspond to bit error rates in class B and class C which does not degrade the performance to the extent of actually reducing the perceived quality. Precise thresholds for acceptable perceived degradation are difficult to derive. The measure used here is that if expert listeners easily can tell the difference between the original file and the file subjected to additional errors this is considered to be a too high degradation.


The subjective tests are supported by objective measurements using PSQM (P.861) and simple segmental SNR measures. PSQM and SEG-SNR are used to find the objective degradation ranking of the UEP schemes. The studies are performed with channels where the original operating point is in the range of 0.5% to 2.0% class A FER. In this study, results for four of the AMR-modes are presented; namely the 12.2, 10.2, 7.4 and 4.75 kbit/s modes. Subjective results are briefly summarized for the 12.2 kbit/s mode.


Simulation setup


The error files used were net bit channel files from simulations of the WCDMA uplink using a speed of 93 km/h, spreading factor 128,and a rate 1/3 CHC. Rate matching up to 640 gross bits and a power control step of 1 dB were used. Similar results are expected for other spreading factors as well as for the downlink.


UEP was simulated by adding bit errors to classes B and C to existing (EEP) source level channel files to achieve the desired bit error levels in the classes to achieve the desired bit error levels. The resulting source level error channel was then applied to the coded bit stream. The degraded bitstream was then presented to the speech decoder and error concealment functions (ECU). Note, by keeping the class A errors the same in all the simulations for one operating point it is possible to make useful comparisons of the resulting speech files. The speech decoder Error Concealment Unit is triggered at exactly the same time instants for all UEP simulations at the same operating point.


Source and listening conditions


The language used was English. Listening sessions were performed by expert listeners using binaural output to high quality headphones. Prior to listening the files were filtered using a P.48 IRS receive filter.


Results


Codec Mode 12.2 kbit/s


The used channel files gives the following statistics for MR122:


BER_A %�
FER_A %�
�
0.0068�
0.13�
�
0.0455�
0.40�
�
0.148�
1.57�
�
0.629�
5.0�
�
1.702�
11.9�
�
			Table � SEQ Table \* ARABIC �2�: A_BER versus A_FER for MR122





PSQM values for the various simulated UEP-schemes of MR122 


�


Figure � SEQ Figure \* ARABIC �1� MR122 PSQM Distortion values vs FER





Segmental SNR results relative to the reference case A:


Segmental SNR at an assumed operating point of approximately 1.6 % A_FER, was measured with respect to the reference case A.  Case A has the following BER ratios BERB = 1.5*BERA and BERC = 1.5*BERA. This is the closest case to the ideal EEP with the used CHC scheme.


Simulated scheme and ratios


(A:B:C)�
B 


(1:1.5:10)�
C 


(1:3.1:10)�
D 


(1:1.5:20)�
E 


(1:1.5:40)�
F


 (1:4.1:50)�
�
SEG-SNR (dB)�
18.10�
15.78�
12.88�
9.09�
7.48�
�
Table � SEQ Table \* ARABIC �3� SEG-SNR MR122 at 1.6 % A_FER


Expert listening AB-test results for MR122 at 1.6 % A_FER.


AB-tests were performed where one of the files was the reference case A (1:1.5:1.5), below in the table the preference for A is presented. With the limited number of listeners, the confidence intervals are high, and the values should be taken as indications only.


Simulated scheme and ratios


(A:B:C)�
B 


(1:1.5:10)�
C 


(1:3.1:10)�
D 


(1:1.5:20)�
E 


(1:1.5:40)�
F 


(1:4.1:50)�
�
AB –test result, 


(preference for A)�
60.5 %�
76.4%�
76.1%�
78.5 %�
100%�
�
Table � SEQ Table \* ARABIC �4� AB-test results for MR122


Conclusion and Discussion for MR122


Listening and objective measurements indicates that MR122 will support an UEP scheme with the maximum UEP ratios of about 1:2:10 (A, B, C) at the operating point 1.6 % A_FER (BERC<10x BERA and BERB < 2x BERA). If higher BER rates are used for either B or C at this operating point the degradation will be too high.


The degradation that appears in the more unequal schemes (e.g D, E, F) degrades the quality by introducing error that reduces the crispiness of the decoded speech.


If a lower A_FER operating point is chosen for MR122 (e.g. 0.4 % ), it can be seen from the PSQM plot (� REF _Ref461272893 \h ��Figure 1�) that a stronger UEP scheme may be employed. The recommended UEP scheme should however be designed to cope with the most severe case, i.e. the higher A_FER operating points should be the design points of the UEP scheme.


Codec Mode MR102 


The used channel files gives the following statistics for MR102:


BER_A %�
FER_A %�
�
0.0069�
0.10�
�
0.0446�
0.33�
�
0.131�
1.27�
�
0.588�
4.33�
�
1.58�
10.67�
�
			Table � SEQ Table \* ARABIC �5�: A_BER versus A_FER for MR102





PSQM values for the various simulated UEP-schemes of MR102


�


			Figure � SEQ Figure \* ARABIC �2� MR102 PSQM Distortion values vs FER


Segmental SNR results relative to the reference case A:


Segmental SNR was measured at an assumed operating point of approximately 1.3 % A_FER, with respect to the reference case A. (A=1:1.5:1.5). 


Simulated scheme and ratios


(A:B:C)�
B 


(1:1.5:10)�
C 


(1:3.1:10)�
D 


(1:1.5:20)�
E 


(1:1.5:40)�
F


 (1:4.1:50)�
�
SEG-SNR (dB)�
21.02�
18.25�
15.39�
10.31�
8.01�
�
Conclusion and discussion for MR102


The objective PSQM and SNR values indicates that UEP-case B or C may be used at the operating point of 1.3% A_FER.


Codec Mode MR74


General


The MR74 does not have a C class. Only class B errors are varied in theses simulations. The used channel files gives the following statistics for MR74:


BER_A %�
FER_A %�
�
0.0073 �
0.10�
�
0.045�
0.33�
�
0.128�
1.23�
�
0.577�
4.20�
�
1.534 �
10.1�
�
			Table � SEQ Table \* ARABIC �6�: A_BER versus A_FER for MR74





PSQM values for the various simulated UEP-schemes of MR74


�


Figure � SEQ Figure \* ARABIC �3� MR74 PSQM Distortion values vs FER 





Codec Mode MR475


The used channel files gives the following statistics for MR475:





BER_A %�
FER_A %�
�
0.010�
0.10�
�
0.037�
0.30�
�
0.105�
0.97�
�
0.47�
3.23�
�
1.33�
7.7�
�
			Table � SEQ Table \* ARABIC �7�: A_BER versus A_FER for MR475





PSQM values for the various simulated UEP-schemes of MR475


�


Figure � SEQ Figure \* ARABIC �4� MR475 PSQM Distortion values vs FER





Conclusions


The UEP simulations presented in this document stress the importance of proper UEP design taking into account the likely operating points as well as the worst case.


The recommendation for the 12.2 kbit/s mode is that the FER for class A should be less than 1% for highest quality operation. A FER less than 0.7% is preferred from a quality point of view. The BER ratios for a high quality UEP scheme was shown subjectively and objectively to be in the order of 1 : 2 : 10 for classes A, B and C.


The results for the lower rate AMR modes are in line with this general rule. If, however, the operational point provides lower class A FER (e.g. 0.4%), somewhat higher class B, and C error rate can be accepted.
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