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Introduction


This document considers error detection or error correction scheme for GSM AMR which was approved by TSG-SA as a mandatory speech codec for IMT-2000. The main purpose of this document is to propose that it is enough to use EED (Equal Error Detection) or UED  (Unequal Error Detection) for satisfying speech quality requirements by showing the subjective test results of GSM AMR over W-CDMA RAN. In addition, this document shows that it is unnecessary to use EEP (Equal Error Protection) or UEP (Unequal Error Protection) for improving channel quality. 


Error Detection


Documents TSGS4#2(99)027 and TSGS4#2(99)030 reviewed in the last TSG-S4 meeting shows subjective test results of GSM AMR by using English and Japanese speech samples respectively. In Experiment 3, effect of channel error was evaluated by using W-CDMA error pattern provided by ARIB Air-Interface WG. BER of these error patterns is 10-3 that is assumed as a target BER in IMT-2000. GSM AMR evaluated in that experiment was applied 8-bit service CRC. Detail description of this CRC coding is described in the section 4.6 of TSGS4#2(99)027 or the section 4 of TSGS4#2(99)030.


Table 1 shows the summary of the results. In all error cases, the quality of GSM AMR at 12.2 kbit/s is equivalent to or better than that of G.729 under error free condition. The results of GSM AMR at 7.95 and 7.40 kbit/s are almost the same. In 1 radio link case, the quality of GSM AMR at 7.95 and 7.40 kbit/s are equivalent to or better than that of G.726 under error free condition except 1 condition. In 2 radio link case, their quality are met the requirements defined by ARIB. GSM AMR 5.90 kbit/s met the requirements in 1 link case. Consequently, GSM AMR with UED could meet or exceed the requirements under W-CDMA error condition. 


On the other hand, EED should also be considered. The advantage of using EED is that it utilizes Layer-1 CRC for detecting frame erasure, thus source dedicated error detection scheme is not needed.


Further consideration regarding comparison between speech quality using EED and UED is needed.


Table 1: Summary of subjective performance of AMR under W-CDMA BER 1e-3 channel


Language�
Japanese (Lab:NTT DoCoMo)�
English (Lab:COMSAT)�
�
Bitrate mode�
12.2�
7.95�
7.40�
5.90�
12.2�
7.95�
7.40�
5.90�
�
BER1e-3, 3km/h, 1link�
G.726�
G.726�
G.726-0.2�
G.726-0.2�
G.726�
G.726�
G.726�
G.726-0.2�
�
BER1e-3, 120km/h, 1link�
G.726�
G.726�
G.726�
G.726-0.2�
G.726�
G.726�
G.726�
G.726-0.2�
�
BER1e-3, 3km/h, 2link�
G.726�
G.726-0.5�
G.726-0.5�
x�
G.726�
G.726-0.5�
G.726-0.5�
x�
�
BER1e-3, 120km/h, 1link�
G.726�
G.726-0.5�
G.726-0.5�
x�
G.726�
G.726-0.5�
G.726-0.5�
x�
�
“x” means that the quality is less than that of G.726 -0.5 MOS.








Error Correction


To improve error resiliency, error correction schemes might be considered. However, DoCoMo believes that any error correction for speech dedicated channel is unnecessary because of following reasons.


Quality requirements under error condition can be satisfied by using error detection as described in the previous section.


Error correction requires additional complexity in both encoder and decoder side.


Increasing bit rate is equivalent to increasing transmission power in case of CDMA RAN.





For third reason, increasing bit rate, for example, from 12.6 kbit/s, which consists of  GSM AMR at 12.2 kbit/s and 8 bit source dedicated CRC, to 16 kbit/s, which means adding 3.4 kbit/s redundancy to 12.2kbit/s and CRC, corresponds to transmitting 0.5 dB excess power at 12.6 kbit/s. 


Fig. 1 shows frame erasure rate in case of using UEP at Eb/N0 of 9.55 dB and using UED at Eb/N0 of 9.05 dB. As a reference, using UED at Eb/N0 of 9.05 dB is included in this figure. Eb/N0 of 9.05 dB corresponds to BER of 10-3, which is assumed target BER of IMT-2000. Speech coding bitrate is 12.2 kbit/s and 8 bit service CRC is applied to all 3 cases. Frame erasure is calculated by ideal detection. Detail of UED and UEP scheme is shown in Table 1.


The result shows that increasing transmission power is better than error correction while capacity impact of two scheme is the same.


Table 1: Parameters for UED and UEP


�
UED�
UEP�
�
Speech bits�
244�
�
Protected bits�
81�
�
CRC�
8�
�
Convolutional code�
None�
r=1/2, m=9�
�
Puncturing pattern�
None�
11


10�
�
Total bitrate�
12.6 kbit/s�
15.5 kbit/s�
�



�


Figure 1: Frame erasure rate of UED and UEP applied to GSM AMR 12.2kbit/s





Conclusion


From the codec point of view, this document proposes to apply EED or UED to the channel coding for 3G mandatory speech codec, GSM AMR in order to satisfy speech quality requirements for IMT-2000. This means that it is not unnecessary to consider any EEP or UEP scheme for 3G mandatory speech codec.


It should be noted that performance of GSM AMR over TD-CDMA channel is not considered in this document but should be taken into account.
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