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1.	Introduction

This document describes the subjective test results for GSM AMR by NTT DoCoMo with Japanese speech sentences and music materials and Japanese listeners. The test based on the methodology specified by ARIB CODEC WG, “Subjective Test Plan for Mandatory Speech Codec v.2.4”, but slightly modified at the following points:

G.728 was included in all the experiments except Experiment 3.

Only Experiment 2a (DCR test) was used as Experiment 2. Experiment 2b (ACR test) was deleted.

In Experiment 2, references (MNRUs and Uniform-PCM) with office noise 20 dB SNR were used instead of references under clean condition.

Car noise 10 dB, room (hoth) noise 20 dB, combination street 15 dB and combination room 20 dB were removed from the conditions of Experiment 2 in order to keep the whole size of this experiments appropriate.

MNRU 12, 18, 24 and 30 dBQ were used twice in Experiment 3.

MNRU 42 dBQ was added to Experiment 4 and 5.�	

The test consists of 5 experiments below:

	Experiment 1: Input Level and Tandeming (ACR)�	Experiment 2: Background Noise (DCR)�	Experiment 3: Channel Errors (ACR)�	Experiment 4: Talker Dependency (DCR)�	Experiment 5: Music on Hold (ACR).

Table 1-1 shows codecs and their bitrate which were tested in all 5 experiments.

Table 1-1: Codecs and bitrates

CODEC�Bitrate (kbit/s)��GSM AMR�12.2 ��GSM AMR�7.95��GSM AMR�7.40��GSM AMR�5.90��G.729�8��IS-127 EVRC�8.55 (fixed)��G.726�32��G.728�16��

This document have already been distributed to ARIB ACG members by email.

2.	Requirements

Quality requirements of mandatory speech codec for use in 3G are defined by ARIB in the document “Volume 8 Ver.0.5.2 Codec specification for use in a 3G Mobile System by Codec Working Group”. Detail requirements are as follows:

Error-free channel�	Basic: 		>= G.726 (32 kbit/s)�	Background Noise: >= G.726 (32 kbit/s)

Error channel�	BER 10-3: 	>= G.726 - 0.2 MOS through 1-radio link�			>= G.726 - 0.5 MOS through 2-radio link

Requirements for the other conditions included in the experiments are not defined by ARIB. However, we also applied G.726 at 32 kbit/s to all the other conditions as a reference codec and verified the quality of codec are equivalent to or better than that of G.726 at 32 kbit/s.

3.	General information of all experiments

Japanese speech sentences were provided by NTT DoCoMo and noise and music samples were provided by COMSAT. W-CDMA FDD channel errors which were used in Experiment 3 were provided by ARIB Air-interface WG. Host Lab processing, i.e. coding, decoding, level adjustment,  background noise summation, channel error insertion, etc was performed by Ericsson. All processed files were sent back to NTT DoCoMo and then NTT DoCoMo performed listening test.

Both 1-tailed and 2-tailed t-test are used for pair-wise comparison of the results. We had many discussion on this issue in ARIB ACG but did not reached any conclusion choosing one method between two alternatives. The results of pair-wise comparison for each experiment using both t-test are shown in the following sections.


It should be noted that no noise reduction technique was adopted to all 6 codecs in this test, since we selected to use DCR method for Experiment 2 (Background noise condtion). It should also be noted that no VAD/DTX/CNG nor Variable Rate operation was used in this test.


4.	Channel Error Insertion

Separate Error Insertion Device (EID) programs were produced for EVRC, G.729 and for the AMR modes.

The EVRC EID uses a 16 bit CRC applied to all the EVRC information bits for each 20 ms block. Bit errors were applied to the whole frame (16+171 bits / 20 ms).  Frame errors were detected using ideal detection upon the (16+171) bits per 20 ms.

The G.729 EID uses a 16 bit CRC applied to all G.729 information bits for each 10 ms block. Bit errors were applied to the whole frame (16+80 bits / 10 ms). Frame errors were detected using ideal detection upon the (16+80) bits per 10 ms.

The AMR EID uses an 8 bit service CRC applied to the subjectively most sensitive AMR source coding bits (referred to as the 1A bits in the ETSI-GSM AMR descriptions) for each mode. The sensitivity sorting of the AMR modes was the same as in the ETSI GSM AMR descriptions. Bit errors were applied to the whole frame (8 + n_source_bits / 20 ms) for each mode. AMR frame errors were detected using a non-ideal check of the service CRC  for the (8+ n_1A_bits) for each 20 ms frame. Table 4-1 shows the number of 1A bits for each of the tested AMR  modes.

 Table 4-1: 1A sizes of AMR modes

CODEC�Bitrate (kbit/s)�n_source_bits,

(Number of  source coding bits / 20 ms)�n_1A_bits,

(Number of 1A bits/20 ms)��GSM AMR�12.2 �244�81��GSM AMR�7.95�159�75��GSM AMR�7.40�148�61��GSM AMR�5.90�118�55��

For the G.729 the simulated channels with 10 ms interleaving were used, for all other codecs the simulated channels with 20 ms interleaving were used. 16 kbit/s error patterns were used in all cases.

5.	Test Results

5.1	Experiment 1: Input Level and Tandeming (ACR)

This experiment is designed to test the quality of the codecs under test regarding to the operation with clean speech at different input levels and asynchronous tandeming. Absolute Category Rating method was used to assessment.

Table 5-1 shows factors and conditions for this experiment. Table 5-2 shows the results of this experiment. Figure 5-1 to 5-4 shows MOS for each condition respectively. Figure 5-5 shows MOS-equivalent Q curve. Finally, Table 5-3 shows requirements and  the results of pair-wise comparisons for each conditions. 

The results of pair-wise comparison using both 1-tailed and 2-tailed t-test described in Table 5-3 shows that all codecs met the requirements for all conditions in Experiment 1.

In addition, GSM AMR 12.2 kbit/s is equivalent to G.729 or EVRC under nominal input level condition but is significantly better than G.729 and EVRC especially under input level +10 dB and asynchronous tandeming.

�
 Table 5-1: Factors and conditions for Experiment 1

Main Codec Conditions����Codec�6�GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC��Input level�3�Nominal: -26 dB relative to OVL and +/- 10 dB��Tandeming�1�Tandeming in C16, C20, C24, C28, C32 and C36��Input characteristic�1�Modified IRS������Codec references����references�2�G.726: No errors, nominal input level and +/- 10 dB, tandeming in C12, M-IRS

G.728: No errors, nominal input level, no tandeming, M-IRS������Other references����Direct�1�Nominal input level, M-IRS��MNRU�6�Nominal input level, M-IRS, Q=6, 12, 18, 24, 30, 36������Common conditions����Number of talkers�4�2 male and 2 female��Number of speech samples�25�6 sentence pairs per talker + 1(preliminaries) sentence pair of one talker��Language�1�Japanese��Listening level�1�-15 dBPa (79 dB SPL) at ERP��Listeners�48�Native listeners ��Randomizations�6�6 group of 8 listeners��Rating scale�1�ACR��Replications�1�������

�Table 5-2: Test result of Experiment 1

Condition

Code�CODEC�Condition�Input Level�Sample�Vote�Yj�sj�CIj�Qeqv, j��C01�MNRU�6 dBQ�Normal�4�192�1.02�0.14�0.02�-��C02�MNRU�12 dBQ�Normal�4�192�1.32�0.49�0.07�-��C03�MNRU�18 dBQ�Normal�4�192�2.32�0.70�0.10�-��C04�MNRU�24 dBQ�Normal�4�192�3.12�0.79�0.11�-��C05�MNRU�30 dBQ�Normal�4�192�3.50�0.88�0.12�-��C06�MNRU�36 dBQ�Normal�4�192�3.55�0.86�0.12�-��C07�Uniform-PCM�Clean�Normal�4�192�3.65�0.84�0.12�-��C08�G.728�Clean�Normal�4�192�2.98�0.90�0.13�22.52��C09�G.726(32k)�Clean�Normal�4�192�2.81�0.77�0.11�21.35��C10�G.726(32k)�Input Level�+10dB�4�192�2.82�0.79�0.11�21.42��C11�G.726(32k)�Input Level�-10dB�4�192�2.72�0.83�0.12�20.80��C12�G.726(32k)�Tandem�Normal�4�192�2.41�0.78�0.11�19.08��C13�AMR 12.2�Clean�Normal�4�192�3.43�0.79�0.11�28.07��C14�AMR 12.2�Input Level�+10dB�4�192�3.52�0.79�0.11�31.68��C15�AMR 12.2�Input Level�-10dB�4�192�3.31�0.89�0.13�25.81��C16�AMR 12.2�Tandem�Normal�4�192�3.39�0.74�0.10�27.17��C17�AMR 7.95�Clean�Normal�4�192�3.43�0.82�0.12�28.07��C18�AMR 7.95�Input Level�+10dB�4�192�3.29�0.82�0.12�25.53��C19�AMR 7.95�Input Level�-10dB�4�192�3.13�0.77�0.11�23.75��C20�AMR 7.95�Tandem�Normal�4�192�3.21�0.83�0.12�24.56��C21�AMR 7.40�Clean�Normal�4�192�3.33�0.76�0.11�26.11��C22�AMR 7.40�Input Level�+10dB�4�192�3.46�0.76�0.11�28.93��C23�AMR 7.40�Input Level�-10dB�4�192�3.16�0.81�0.11�24.04��C24�AMR 7.40�Tandem�Normal�4�192�3.14�0.86�0.12�23.85��C25�AMR 5.90�Clean�Normal�4�192�3.21�0.80�0.11�24.56��C26�AMR 5.90�Input Level�+10dB�4�192�3.12�0.83�0.12�23.66��C27�AMR 5.90�Input Level�-10dB�4�192�3.09�0.79�0.11�23.40��C28�AMR 5.90�Tandem�Normal�4�192�2.91�0.88�0.12�22.01��C29�G.729�Clean�Normal�4�192�3.38�0.80�0.11�26.97��C30�G.729�Input Level�+10dB�4�192�3.43�0.81�0.11�28.07��C31�G.729�Input Level�-10dB�4�192�3.14�0.84�0.12�23.85��C32�G.729�Tandem�Normal�4�192�3.13�0.92�0.13�23.75��C33�EVRC�Clean�Normal�4�192�3.51�0.79�0.11�31.05��C34�EVRC�Input Level�+10dB�4�192�3.45�0.81�0.11�28.62��C35�EVRC�Input Level�-10dB�4�192�3.17�0.82�0.12�24.14��C36�EVRC�Tandem�Normal�4�192�3.23�0.95�0.13�24.78��	Yj: MOS�	Sj: Standard deviation�	CIj: 95 % confidence interval�	Qeqv, j: Equivalent Q value
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Fig. 5-1: Nominal Input Level
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Fig. 5-2: Input Level +10 dB
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Fig. 5-3: Input Level -10 dB
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Fig. 5-4: Tandem
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Fig. 5-5: MOS - Equivalent Q Curve

	�Table 5-3: Requirements and pair-wise comparison for Experiment 1



Condition:��Clean������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.������������reference����           CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C09�G.726(32k)�2.81�0.77�C13�AMR 12.2�3.43�0.79�-0.62�0.13�passed�0.16�passed��C09�G.726(32k)�2.81�0.77�C17�AMR 7.95�3.43�0.82�-0.62�0.13�passed�0.16�passed��C09�G.726(32k)�2.81�0.77�C21�AMR 7.40�3.33�0.76�-0.52�0.13�passed�0.15�passed��C09�G.726(32k)�2.81�0.77�C25�AMR 5.90�3.21�0.80�-0.40�0.13�passed�0.16�passed��C09�G.726(32k)�2.81�0.77�C29�G.729�3.38�0.80�-0.57�0.13�passed�0.16�passed��C09�G.726(32k)�2.81�0.77�C33�EVRC�3.51�0.79�-0.70�0.13�passed�0.16�passed������������������������������Condition:��Input Level +10 dB������������Requirement:��(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C10�G.726(32k)�2.82�0.79�C14�AMR 12.2�3.52�0.79�-0.70�0.13�passed�0.16�passed��C10�G.726(32k)�2.82�0.79�C18�AMR 7.95�3.29�0.82�-0.47�0.14�passed�0.16�passed��C10�G.726(32k)�2.82�0.79�C22�AMR 7.40�3.46�0.76�-0.64�0.13�passed�0.16�passed��C10�G.726(32k)�2.82�0.79�C26�AMR 5.90�3.12�0.83�-0.30�0.14�passed�0.16�passed��C10�G.726(32k)�2.82�0.79�C30�G.729�3.43�0.81�-0.61�0.13�passed�0.16�passed��C10�G.726(32k)�2.82�0.79�C34�EVRC�3.45�0.81�-0.63�0.13�passed�0.16�passed���

Condition:��Input Level -10 dB������������Requirement:��(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C11�G.726(32k)�2.72�0.83�C15�AMR 12.2�3.31�0.89�-0.59�0.14�passed�0.17�passed��C11�G.726(32k)�2.72�0.83�C19�AMR 7.95�3.13�0.77�-0.41�0.13�passed�0.16�passed��C11�G.726(32k)�2.72�0.83�C23�AMR 7.40�3.16�0.81�-0.44�0.14�passed�0.16�passed��C11�G.726(32k)�2.72�0.83�C27�AMR 5.90�3.09�0.79�-0.37�0.14�passed�0.16�passed��C11�G.726(32k)�2.72�0.83�C31�G.729�3.14�0.84�-0.42�0.14�passed�0.17�passed��C11�G.726(32k)�2.72�0.83�C35�EVRC�3.17�0.82�-0.45�0.14�passed�0.17�passed������������������������������Condition:��Tandem������������Requirement:��(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same conditon.)������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C12�G.726(32k)�2.41�0.78�C16�AMR 12.2�3.39�0.74�-0.98�0.13�passed�0.15�passed��C12�G.726(32k)�2.41�0.78�C20�AMR 7.95�3.21�0.83�-0.80�0.14�passed�0.16�passed��C12�G.726(32k)�2.41�0.78�C24�AMR 7.40�3.14�0.86�-0.73�0.14�passed�0.16�passed��C12�G.726(32k)�2.41�0.78�C28�AMR 5.90�2.91�0.88�-0.50�0.14�passed�0.17�passed��C12�G.726(32k)�2.41�0.78�C32�G.729�3.13�0.92�-0.72�0.14�passed�0.17�passed��C12�G.726(32k)�2.41�0.78�C36�EVRC�3.23�0.95�-0.82�0.15�passed�0.17�passed��CuT: Codec under Test�MSD: Minimum Significant Difference�() means that requirement is not defined by ARIB.�5.2	Experiment 2: Background Noise (DCR)

This experiment is designed to test the quality of the codecs under test regarding to the operation in different background noise conditions. In addition, a combined test condition with background noise and channel errors is also conducted in this experiment as information which reflects more actual mobile environment. Degradation Category Rating method was used for assessment. 

Table 5-4 shows factors and conditions for this experiment. Table 5-5 shows the results of this experiment. Figure 5-6 to 5-11 shows DMOS result for each condition, respectively. Figure 5-12 shows DMOS-equivalent Q curve for this experiment. Table 5-6 shows and  the results of pair-wise comparisons requirements for each condition. 

The result of pair-wise comparison shown in Table 5-6 shows that:

In case of Car Noise 10 dB, all 6 codecs do not meet the requirements. However, it seems that such high level background noise condition is very specific case and not reflect actual mobile environment. Therefore, this condition is less important than the other background noise conditions included in this experiment. It should be noted that GSM AMR at 12.2 kbit/s marked significantly better DMOS score than the other 5 codecs.

In case of Street Noise 15 dB and Office Noise 20 dB, only GSM AMR at 12.2 kbit/s met the requirement and the other 5 codecs failed.

In case of Multiple Talker 15 dB, GSM AMR at 12.2, 7.40 kbit/s and G.729 met the requirement and GSM AMR at 5.90 kbit/s and EVRC failed. GSM AMR at 7.95 kbit/s met the requirements using 2-tailed test but failed using 1-tailed t-test.

Consequently, only GSM AMR at 12.2 kbit/s met all the requirements except one condition (Car Noise 10 dB). 

In addition, in case of both combination Car 15 dB and combination Office 20 dB that reflect more actual mobile environment, GSM AMR at 12.2 is also better quality than the other 5 and EVRC is significantly worse than the other 5.





 �Table 5-4: Factors and conditions for Experiment 2

Main Codec Conditions����Codec�6�GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC��Input level�1�nominal: -26 dB relative to OVL��Tandeming�0�no tandeming��Input characteristic�1�flat��Noise Types�5�Car noise at SNR 10dB and 15 dB

Street noise at SNR 15 dB

Office noise at SNR 20 dB

Multiple talker at SNR 15 dB��Error Types�1�BER 1e-3, 1-link for combination car and combination office������Codec references����references�2�G.726: No errors, nominal input level, flat

G.728: No errors, nominal input level, flat������Other references����Direct�1�nominal input level, flat, with office noise 20 dB SNR��MNRU�6�nominal input level, flat, with office noise 20 dB SNR, Q=6, 12, 18, 24, 30, 36������Common conditions����Number of talkers�4�2 male and 2 female��Number of speech samples�25�6 sentence pairs per talker + 1(preliminaries) sentence pair of one talker��Language�1�Japanese��Listening level�1�-15 dBPa (79 dB SPL) at ERP��Listeners�48�Native listeners ��Randomizations�6�6 group of 8 listeners��Rating scale�1�DCR��Replications�1��������Table 5-5: Test Result of Experiment 2

Condition

Code�CODEC�Condition�Input Level�Sample�Vote�Yj�sj�CIj�Qeqv, j��C01�MNRU�6 dBQ (w/ Office 20 dB)�Normal�4�192�1.14�0.58�0.08�-��C02�MNRU�12 dBQ (w/ Office 20 dB)�Normal�4�192�1.58�0.85�0.12�-��C03�MNRU�18 dBQ (w/ Office 20 dB)�Normal�4�192�2.93�1.18�0.17�-��C04�MNRU�24 dBQ (w/ Office 20 dB)�Normal�4�192�4.48�0.72�0.10�-��C05�MNRU�30 dBQ (w/ Office 20 dB)�Normal�4�192�4.73�0.52�0.07�-��C06�MNRU�36 dBQ (w/ Office 20 dB)�Normal�4�192�4.77�0.46�0.07�-��C07�Uniform-PCM�Office 20 dB�Normal�4�192�4.72�0.67�0.10�30.28��C08�G.726(32k)�Car 10 dB�Normal�4�192�4.52�0.77�0.11�25.57��C09�G.726(32k)�Street 15 dB�Normal�4�192�4.59�0.62�0.09�26.56��C10�G.726(32k)�Office 20 dB�Normal�4�192�4.51�0.70�0.10�25.45��C11�G.726(32k)�Multiple Talker 15 dB�Normal�4�192�4.37�0.75�0.11�24.11��C12�AMR 12.2�Car 10 dB�Normal�4�192�4.02�0.93�0.13�22.02��C13�AMR 12.2�Street 15 dB�Normal�4�192�4.53�0.64�0.09�25.69��C14�AMR 12.2�Office 20 dB�Normal�4�192�4.47�0.67�0.10�25.01��C15�AMR 12.2�Multiple Talker 15 dB�Normal�4�192�4.47�0.74�0.11�25.01��C16�AMR 12.2�Combination Car 15 dB�Normal�2�96�4.08�1.01�0.21�22.31��C17�AMR 12.2�Combination Office 20 dB�Normal�2�96�4.18�0.86�0.17�22.85��C18�AMR 7.95�Car 10 dB�Normal�4�192�3.62�0.97�0.14�20.39��C19�AMR 7.95�Street 15 dB�Normal�4�192�4.10�0.74�0.11�22.41��C20�AMR 7.95�Office 20 dB�Normal�4�192�4.24�0.76�0.11�23.20��C21�AMR 7.95�Multiple Talker 15 dB�Normal�4�192�4.21�0.94�0.13�23.02��C22�AMR 7.95�Combination Car 15 dB�Normal�2�96�3.51�1.04�0.21�20.01��C23�AMR 7.95�Combination Office 20 dB�Normal�2�96�3.80�1.02�0.21�21.07��C24�AMR 7.40�Car 10 dB�Normal�4�192�3.42�1.02�0.15�19.71��C25�AMR 7.40�Street 15 dB�Normal�4�192�4.02�0.95�0.14�22.02��C26�AMR 7.40�Office 20 dB�Normal�4�192�3.94�0.84�0.12�21.65��C27�AMR 7.40�Multiple Talker 15 dB�Normal�4�192�4.27�0.92�0.13�23.39��C28�AMR 7.40�Combination Car 15 dB�Normal�2�96�3.54�0.97�0.20�20.11��C29�AMR 7.40�Combination Office 20 dB�Normal�2�96�3.52�1.04�0.21�20.04��C30�AMR 5.90�Car 10 dB�Normal�4�192�2.89�1.02�0.15�18.04��C31�AMR 5.90�Street 15 dB�Normal�4�192�3.51�0.99�0.14�20.01��C32�AMR 5.90�Office 20 dB�Normal�4�192�3.63�0.99�0.14�20.43��C33�AMR 5.90�Multiple Talker 15 dB�Normal�4�192�3.85�0.96�0.14�21.27��C34�AMR 5.90�Combination Car 15 dB�Normal�2�96�3.07�0.93�0.19�18.60��C35�AMR 5.90�Combination Office 20 dB�Normal�2�96�3.10�0.91�0.18�18.69��C36�G.729�Car 10 dB�Normal�4�192�3.34�1.01�0.15�19.45��C37�G.729�Street 15 dB�Normal�4�192�4.11�0.84�0.12�22.46��C38�G.729�Office 20 dB�Normal�4�192�3.90�0.84�0.12�21.48��C39�G.729�Multiple Talker 15 dB�Normal�4�192�4.30�0.84�0.12�23.60��C40�G.729�Combination Car 15 dB�Normal�2�96�3.43�1.03�0.21�19.74��C41�G.729�Combination Office 20 dB�Normal�2�96�3.68�1.02�0.21�20.61��C42�EVRC�Car 10 dB�Normal�4�192�2.96�0.98�0.14�18.26��C43�EVRC�Street 15 dB�Normal�4�192�3.61�0.93�0.13�20.36��C44�EVRC�Office 20 dB�Normal�4�192�3.79�1.01�0.15�21.03��C45�EVRC�Multiple Talker 15 dB�Normal�4�192�4.13�0.96�0.14�22.57��C46�EVRC�Combination Car 15 dB�Normal�2�96�2.45�1.04�0.21�16.66��C47�EVRC�Combination Office 20 dB�Normal�2�96�2.91�1.11�0.23�18.10��C48�G.728�Office 20 dB�Normal�4�192�4.61�0.67�0.10�26.91��	Yj: DMOS

Sj: Standard deviation�	CIj: 95 % confidence interval�	Qeqv, j: Equivalent Q value
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Fig. 5-6: Car noise 10 dB SNR
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Fig. 5-7: Street Noise 15 dB SNR
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Fig. 5-8: Office Noise 20 dB SNR
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Fig. 5-9: Multiple Talker 15 dB SNR
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Fig. 5-10: Combination Car Noise 15 dB SNR
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Fig. 5-11: Combination Office Noise 20 dB
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Fig. 5-12: DMOS - Equivalent Q Curve

�Table 5-6: Requirements and pair-wise comparisons for Experiment 2



Condition:��Car 10 dB������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C08�G.726(32k)�4.52�0.77�C12�AMR 12.2�4.02�0.93�0.50�0.14�failed�0.17�failed��C08�G.726(32k)�4.52�0.77�C18�AMR 7.95�3.62�0.97�0.90�0.15�failed�0.18�failed��C08�G.726(32k)�4.52�0.77�C24�AMR 7.40�3.42�1.02�1.10�0.15�failed�0.18�failed��C08�G.726(32k)�4.52�0.77�C30�AMR 5.90�2.89�1.02�1.63�0.15�failed�0.18�failed��C08�G.726(32k)�4.52�0.77�C36�G.729�3.34�1.01�1.18�0.15�failed�0.18�failed��C08�G.726(32k)�4.52�0.77�C42�EVRC�2.96�0.98�1.56�0.15�failed�0.18�failed������������������������������Condition:��Street 15 dB ������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C09�G.726(32k)�4.59�0.62�C13�AMR 12.2�4.53�0.64�0.06�0.11�passed�0.13�passed��C09�G.726(32k)�4.59�0.62�C19�AMR 7.95�4.10�0.74�0.49�0.11�failed�0.14�failed��C09�G.726(32k)�4.59�0.62�C25�AMR 7.40�4.02�0.95�0.57�0.13�failed�0.16�failed��C09�G.726(32k)�4.59�0.62�C31�AMR 5.90�3.51�0.99�1.08�0.14�failed�0.17�failed��C09�G.726(32k)�4.59�0.62�C37�G.729�4.11�0.84�0.48�0.12�failed�0.15�failed��C09�G.726(32k)�4.59�0.62�C43�EVRC�3.61�0.93�0.98�0.13�failed�0.16�failed���

Condition:��Offece 20 dB ������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C10�G.726(32k)�4.51�0.7�C14�AMR 12.2�4.47�0.67�0.04�0.12�passed�0.14�passed��C10�G.726(32k)�4.51�0.7�C20�AMR 7.95�4.24�0.76�0.27�0.12�failed�0.15�failed��C10�G.726(32k)�4.51�0.7�C26�AMR 7.40�3.94�0.84�0.57�0.13�failed�0.15�failed��C10�G.726(32k)�4.51�0.7�C32�AMR 5.90�3.63�0.99�0.88�0.14�failed�0.17�failed��C10�G.726(32k)�4.51�0.7�C38�G.729�3.9�0.84�0.61�0.13�failed�0.15�failed��C10�G.726(32k)�4.51�0.7�C44�EVRC�3.79�1.01�0.72�0.15�failed�0.17�failed������������������������������Condition:��Multiple Talker 15 dB������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.������������reference����CuT����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C11�G.726(32k)�4.37�0.75�C15�AMR 12.2�4.47�0.74�-0.10�0.13�passed�0.15�passed��C11�G.726(32k)�4.37�0.75�C21�AMR 7.95�4.21�0.94�0.16�0.14�failed�0.17�passed��C11�G.726(32k)�4.37�0.75�C27�AMR 7.40�4.27�0.92�0.10�0.14�passed�0.17�passed��C11�G.726(32k)�4.37�0.75�C33�AMR 5.90�3.85�0.96�0.52�0.14�failed�0.17�failed��C11�G.726(32k)�4.37�0.75�C39�G.729�4.3�0.84�0.07�0.13�passed�0.16�passed��C11�G.726(32k)�4.37�0.75�C45�EVRC�4.13�0.96�0.24�0.14�failed�0.17�failed��CuT: Codec under Test�MSD: Minimum Significant Difference�() means that requirement is not defined by ARIB.�5.3	Experiment 3: Channel Error (ACR)

This experiment is designed to test the quality of the codecs under test regarding to the operation in channel error condtion. Absolute Category Rating method was used for assessment. Detail of error insertion process are described in Section 4. Table 5-7 shows factors and conditions for this experiment. Table 5-8 shows the results of this experiment. Table 5-9 shows requirements for each conditions and  the results of pair-wise comparisons. Fig. 5-3 shows MOS-equivalent Q curve for this experiment. 

The result of pair-wise comparison shown in Table 5-9 shows that:

in case of BER 1e-3 and 1-link, all codecs met the requirement.

in case of BER 1e-3 and 2-link, GSM AMR at 12.2, 7.95, 7.4 kbit/s met the requirement and GSM AMR at 5.90 kbit/s, EVRC failed.

In addition, in case of FER 3e-2 condition, quality of GSM AMR at 12.2 kbit/s is better than that of the other 5 codecs.



Table 5-7: Factors and conditions for Experiment 3

Main Codec Conditions����Codec�6�GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC��Input level�1�nominal: -26 dB relative to OVL��Tandeming�0�no tandeming��Input characteristic�1�M-IRS��Error Types�6�BER 1e-3, 3km/h, 1-link

BER 1e-3, 120km/h, 1-link

BER 1e-3, 3km/h, 2-link

BER 1e-3, 120km/h, 2-link

FER 3e-2, 3km/h, 1-link

FER 3e-2, 120km/h, 1-link������Codec references����references�1�G.726: No errors, nominal input level, M-IRS������Other references����Direct�1�nominal input level, M-IRS��MNRU�6�nominal input level, M-IRS, Q=6, 12, 18, 24, 30, 36 dB

(Q=12, 18, 24, 30 dB are doubled)������Common conditions����Number of talkers�4�2 male and 2 female��Number of speech samples�25�6 sentence pairs per talker + 1(preliminaries) sentence pair of one talker��Language�1�Japanese��Listening level�1�-15 dBPa (79 dB SPL) at ERP��Listeners�48�Native listeners ��Randomizations�6�6 group of 8 listeners��Rating scale�1�ACR��Replications�1��������

Table 5-8: Test result of Experiment 3

Condition

Code�CODEC�Condition�Input Level�Sample�Vote�Yj�sj�CIj�Qeqv, j��C01�MNRU�6 dBQ�Normal�4�192�1.02�0.12�0.02�-��C02�MNRU�12 dBQ�Normal�4�192�1.56�0.60�0.09�-��C03�MNRU�18 dBQ�Normal�4�192�2.73�0.92�0.13�-��C04�MNRU�24 dBQ�Normal�4�192�3.54�0.86�0.12�-��C05�MNRU�30 dBQ�Normal�4�192�3.97�0.82�0.12�-��C06�MNRU�36 dBQ�Normal�4�192�4.08�0.79�0.11�-��C07�MNRU�12 dBQ�Normal�4�192�1.57�0.63�0.09�-��C08�MNRU�18 dBQ�Normal�4�192�2.68�0.87�0.12�-��C09�MNRU�24 dBQ�Normal�4�192�3.63�0.86�0.12�-��C10�MNRU�30 dBQ�Normal�4�192�4.01�0.82�0.12�-��C11�Uniform-PCM�Clean�Normal�4�192�4.04�0.75�0.11�32.34��C12�G.726(32k)�Clean�Normal�4�192�3.45�0.87�0.12�23.51��C13�AMR 12.2�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.65�0.85�0.12�25.03��C14�AMR 12.2�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.76�0.83�0.12�26.12��C15�AMR 12.2�BER 1e-3, 3km/h, 2-link�Normal�4�192�3.22�0.84�0.12�22.14��C16�AMR 12.2�BER 1e-3, 120km/h, 2-link�Normal�4�192�3.28�0.83�0.12�22.47��C17�AMR 12.2�FER 3e-2, 3km/h, 1-link�Normal�4�192�3.19�0.86�0.12�21.98��C18�AMR 12.2�FER 3e-2, 120km/h, 1-link�Normal�4�192�3.47�0.91�0.13�23.64��C19�AMR 7.95�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.48�0.82�0.12�23.71��C20�AMR 7.95�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.56�0.85�0.12�24.29��C21�AMR 7.95�BER 1e-3, 3km/h, 2-link�Normal�4�192�2.84�0.87�0.12�20.28��C22�AMR 7.95�BER 1e-3, 120km/h, 2-link�Normal�4�192�2.79�0.90�0.13�20.05��C23�AMR 7.95�FER 3e-2, 3km/h, 1-link�Normal�4�192�2.85�0.87�0.12�20.32��C24�AMR 7.95�FER 3e-2, 120km/h, 1-link�Normal�4�192�2.98�0.89�0.13�20.93��C25�AMR 7.40�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.29�0.82�0.12�22.53��C26�AMR 7.40�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.51�0.82�0.12�23.92��C27�AMR 7.40�BER 1e-3, 3km/h, 2-link�Normal�4�192�2.79�0.83�0.12�20.05��C28�AMR 7.40�BER 1e-3, 120km/h, 2-link�Normal�4�192�2.87�0.87�0.12�20.42��C29�AMR 7.40�FER 3e-2, 3km/h, 1-link�Normal�4�192�2.89�0.85�0.12�20.51��C30�AMR 7.40�FER 3e-2, 120km/h, 1-link�Normal�4�192�2.98�0.85�0.12�20.93��C31�AMR 5.90�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.22�0.83�0.12�22.14��C32�AMR 5.90�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.32�0.87�0.12�22.70��C33�AMR 5.90�BER 1e-3, 3km/h, 2-link�Normal�4�192�2.44�0.80�0.11�18.50��C34�AMR 5.90�BER 1e-3, 120km/h, 2-link�Normal�4�192�2.51�0.80�0.11�18.81��C35�AMR 5.90�FER 3e-2, 3km/h, 1-link�Normal�4�192�2.87�0.88�0.13�20.42��C36�AMR 5.90�FER 3e-2, 120km/h, 1-link�Normal�4�192�2.84�0.85�0.12�20.28��C37�G.729�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.33�0.92�0.13�22.76��C38�G.729�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.38�0.81�0.12�23.06��C39�G.729�BER 1e-3, 3km/h, 2-link�Normal�4�192�2.57�0.81�0.12�19.08��C40�G.729�BER 1e-3, 120km/h, 2-link�Normal�4�192�2.79�0.81�0.12�20.05��C41�G.729�FER 3e-2, 3km/h, 1-link�Normal�4�192�3.10�0.92�0.13�21.52��C42�G.729�FER 3e-2, 120km/h, 1-link�Normal�4�192�3.18�0.78�0.11�21.93��C43�EVRC�BER 1e-3, 3km/h, 1-link�Normal�4�192�3.36�0.88�0.13�22.94��C44�EVRC�BER 1e-3, 120km/h, 1-link�Normal�4�192�3.59�0.83�0.12�24.52��C45�EVRC�BER 1e-3, 3km/h, 2-link�Normal�4�192�2.59�0.84�0.12�19.16��C46�EVRC�BER 1e-3, 120km/h, 2-link�Normal�4�192�2.69�0.90�0.13�19.61��C47�EVRC�FER 3e-2, 3km/h, 1-link�Normal�4�192�2.91�0.83�0.12�20.60��C48�EVRC�FER 3e-2, 120km/h, 1-link�Normal�4�192�3.09�0.86�0.12�21.47��	Yj: MOS�	Sj: Standard deviation�	CIj: 95 % confidence interval�	Qeqv, j: Equivalent Q value
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Fig. 5-13: BER 1e-3, 3 km/h, 1 radio link
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Fig. 5-14: BER 1e-3, 120 km/h, 1 radio link
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Fig. 5-15: BER 1e-3, 3 km/h, 2 radio link
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Fig. 5-16: BER 1e-3, 120 km/h, 2 radio link
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Fig. 5-17: FER 3e-2, 3 km/h, 1 radio link
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Fig. 5-18: FER 3e-2, 120 km/h, 1 radio link
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Fig. 5-19: MOS - Equivalent Q Curve�Table 5-9: Requirements and pair-wise comparisons for Experiment 3



Condition:��BER 1e-3,3km/h, 1-link������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.2 MOS.������������reference����           CuT����Yref-Ytest�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�-0.2�MSD�Requirement�MSD�Requirement��C12�G.726(32k)�3.45�0.87�C13�AMR 12.2�3.65�0.85�-0.40�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C19�AMR 7.95�3.48�0.82�-0.23�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C25�AMR 7.40�3.29�0.82�-0.04�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C31�AMR 5.90�3.22�0.83�0.03�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C37�G.729�3.33�0.92�-0.08�0.15�passed�0.18�passed��C12�G.726(32k)�3.45�0.87�C43�EVRC�3.36�0.88�-0.11�0.15�passed�0.18�passed������������������������������Condition:��BER 1e-3,120km/h, 1-link������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.2 MOS.������������reference����CuT����Yref-Ytes t�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�-0.2�MSD�Requirement�MSD�Requirement��C12�G.726(32k)�3.45�0.87�C14�AMR 12.2�3.76�0.83�-0.51�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C20�AMR 7.95�3.56�0.85�-0.31�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C26�AMR 7.40�3.51�0.82�-0.26�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C32�AMR 5.90�3.32�0.87�-0.07�0.15�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C38�G.729�3.38�0.81�-0.13�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C44�EVRC�3.59�0.83�-0.34�0.14�passed�0.17�passed���

Condition:��BER 1e-3,3km/h, 2-link������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.5 MOS.������������reference����CuT����Yref-Ytest�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�-0.5�MSD�Requirement�MSD�Requirement��C12�G.726(32k)�3.45�0.87�C15�AMR 12.2�3.22�0.84�-0.27�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C21�AMR 7.95�2.84�0.87�0.11�0.15�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C27�AMR 7.40�2.79�0.83�0.16�0.14�failed�0.17�passed��C12�G.726(32k)�3.45�0.87�C33�AMR 5.90�2.44�0.8�0.51�0.14�failed�0.17�failed��C12�G.726(32k)�3.45�0.87�C39�G.729�2.57�0.81�0.38�0.14�failed�0.17�failed��C12�G.726(32k)�3.45�0.87�C45�EVRC�2.59�0.84�0.36�0.14�failed�0.17�failed������������������������������Condition:��BER 1e-3,120km/h, 2-link������������Requirement:��Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.5 MOS.������������reference����CuT����Yref-Ytest�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�-0.5�MSD�Requirement�MSD�Requirement��C12�G.726(32k)�3.45�0.87�C16�AMR 12.2�3.28�0.83�-0.33�0.14�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C22�AMR 7.95�2.79�0.9�0.16�0.15�failed�0.18�passed��C12�G.726(32k)�3.45�0.87�C28�AMR 7.40�2.87�0.87�0.08�0.15�passed�0.17�passed��C12�G.726(32k)�3.45�0.87�C34�AMR 5.90�2.51�0.8�0.44�0.14�failed�0.17�failed��C12�G.726(32k)�3.45�0.87�C40�G.729�2.79�0.81�0.16�0.14�failed�0.17�passed��C12�G.726(32k)�3.45�0.87�C46�EVRC�2.69�0.9�0.26�0.15�failed�0.18�failed��CuT: Codec under Test�MSD: Minimum Significant Difference�() means that requirement is not defined by ARIB.�5.4	Experiment 4: Talker Dependency (DCR)

This experiment is designed to test the quality of the codecs under test regarding to talker dependency. This experiment used Degradation Category Rating method for assessment. Table 5-10 shows factors and conditions for this experiment. 

Table 5-11 shows the results of this experiment. Figure 5-20 shows DMOS for this experiment. Figure 5-21 shows MOS-equivalent Q curve for this experiment. Table 5-12 shows requirements and  the results of pair-wise comparisons for each conditions. 

The result of pair-wise comparison shown in Table 5-12 shows that all 6 codec met the requiment except GSM AMR at 5.90 kbit/s using 1-tailed t-test. In addition, quality of GSM AMR at 12.2 kbit/s is significant better than that of the other 5 codecs



Table 5-10: Factors and conditions for Experiment 4

Main Codec Conditions����Codec�6�GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC��Input level�1�nominal: -26 dB relative to OVL��Tandeming and noise�0�no tandeming or noise ��Input characteristic�1�flat������Codec references����references�2�G.726: No errors, nominal input level, flat����G.728: No errors, nominal input level, flat������Other references����Direct�1�nominal input level, flat��MNRU�7�nominal input level, flat, Q=6, 12, 18, 24, 30, 36, 42 dB������Common conditions����Number of talkers�12�6 male and 6female��Number of speech samples�73�6 sentence pairs per talker + 1(preliminaries) sentence pair of one talker��Language�1�Japanese��Listening level�1�-15 dBPa (79 dB SPL) at ERP��Listeners�48�Native listeners ��Randomizations�6�6 group of 8 listeners��Rating scale�1�DCR��Replications�1��������Table 5-11: Test result of Experiment 4

Condition

Code�CODEC�Condition�Input Level�Sample�Vote�Yj�sj�CIj�Qeqv, j��C01�MNRU�6 dBQ�Normal�4�576�1.04�0.21�0.02�-��C02�MNRU�12 dBQ�Normal�4�576�1.39�0.59�0.05�-��C03�MNRU�18 dBQ�Normal�4�576�2.33�0.82�0.07�-��C04�MNRU�24 dBQ�Normal�4�576�2.46�0.85�0.07�-��C05�MNRU�30 dBQ�Normal�4�576�4.36�0.75�0.06�-��C06�MNRU�36 dBQ�Normal�4�576�4.67�0.58�0.05�-��C07�MNRU�42 dBQ�Normal�4�576�4.65�0.56�0.05�-��C08�Uniform-PCM�-�Normal�4�576�4.73�0.51�0.04�-��C09�G.726(32k)�Talker Dependency�Normal�4�576�3.97�0.83�0.07�27.41��C10�G.728�Talker Dependency�Normal�4�576�4.10�0.79�0.07�28.32��C11�AMR 12.2�Talker Dependency�Normal�4�576�4.45�0.68�0.06�32.00��C12�AMR 7.95�Talker Dependency�Normal�4�576�4.14�0.81�0.07�28.63��C13�AMR 7.40�Talker Dependency�Normal�4�576�4.08�0.84�0.07�28.17��C14�AMR 5.90�Talker Dependency�Normal�4�576�3.88�0.90�0.07�26.85��C15�G.729�Talker Dependency�Normal�4�576�4.09�0.82�0.07�28.24��C16�EVRC�Talker Dependency�Normal�4�576�4.11�0.85�0.07�28.39��	Yj: DMOS�	Sj: Standard deviation�	CIj: 95 % confidence interval�	Qeqv, j: Equivalent Q value
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Fig 5-20: Talker Dependency
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Fig 5-21: MOS - Equivalent Q Curve





























Table 5-12: Requirement and pair-wise comparison for Experiment 4



Condition:��Talker Dependency ������������Requirement:��(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)������������reference����           CuT ����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C09�G.726(32k)�3.97�0.83�C11�AMR 12.2�4.45�0.68�-0.48�0.07�passed�0.09�passed��C09�G.726(32k)�3.97�0.83�C12�AMR 7.95�4.14�0.82�-0.17�0.08�passed�0.10�passed��C09�G.726(32k)�3.97�0.83�C13�AMR 7.40�4.08�0.84�-0.11�0.08�passed�0.10�passed��C09�G.726(32k)�3.97�0.83�C14�AMR 5.90�3.88�0.90�0.09�0.08�failed�0.10�passed��C09�G.726(32k)�3.97�0.83�C15�G.729�4.09�0.82�-0.12�0.08�passed�0.10�passed��C09�G.726(32k)�3.97�0.83�C16�EVRC�4.10�0.87�-0.13�0.08�passed�0.10�passed��CuT: Codec under Test�MSD: Minimum Significant Difference�() means that requirement is not defined by ARIB.�5.5	Experiment 5: Music on Hold (ACR)

This experiment is designed to test the quality of the codecs under test regarding to performance with music on hold. Absolute Category Rating method was used for assessment. Table 5-13 shows factors and conditions for this experiment. 

Table 5-14 shows the results of this experiment. Figure 5-22 shows MOS for this experiment. Figure 5-23 shows MOS-equivalent Q curve for this experiment. Table 5-15 shows requirements and  the results of pair-wise comparisons for each conditions. 

The result of pair-wise comparison shown in Table 5-15 shows that all 6 codec failed the requirement. It seems difficult that quality of CELP type codec is equivalent to G.726 at 32 kbit/s under music condition. And it does not seem that this condition frequently occur in mobile environment. However, GSM AMR at 12.2 kbit/s shows significantly better quality than that of the other 5 codecs.



Table 5-13: Factors
 and conditions for Experiment 5


Main Codec Conditions����Codec�6�GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC��Input level�1�nominal: -26 dB relative to OVL��Tandeming and noise�0�no tandeming or noise ��Input characteristic�1�M-IRS������Codec references����references�2�G.726: No errors, nominal input level, M-IRS����G.728: No errors, nominal input level, M-IRS������Other references����Direct�1�nominal input level, M-IRS��MNRU�7�nominal input level, M-IRS, Q=6, 12, 18, 24, 30, 36, 42 dB������Common conditions����Number of music samples�8�4 different samples for a listener group��Listening level�1�-15 dBPa (79 dB SPL) at ERP��Listeners�48�Native listeners ��Randomizations�6�6 group of 8 listeners��Rating scale�1�ACR��Replications�1��������Table 5-14: Test result of Experiment 5

Condition

Code�CODEC�Condition�Input Level�Sample�Vote�Yj�sj�CIj�Qeqv, j��C01�MNRU�6 dBQ�Normal�4�192�1.14�0.45�0.06�-��C02�MNRU�12 dBQ�Normal�4�192�1.93�0.77�0.11�-��C03�MNRU�18 dBQ�Normal�4�192�3.20�0.93�0.13�-��C04�MNRU�24 dBQ�Normal�4�192�3.24�0.94�0.13�-��C05�MNRU�30 dBQ�Normal�4�192�3.97�0.84�0.12�-��C06�MNRU�36 dBQ�Normal�4�192�3.99�0.85�0.12�-��C07�MNRU�42 dBQ�Normal�4�192�4.04�0.84�0.12�-��C08�Uniform-PCM�Music on Hold�Normal�4�192�4.05�0.82�0.12�32.75��C09�G.726(32k)�Music on Hold�Normal�4�192�3.82�0.82�0.12�27.09��C10�G.728�Music on Hold�Normal�4�192�3.70�0.81�0.12�25.42��C11�AMR 12.2�Music on Hold�Normal�4�192�3.18�0.81�0.12�20.66��C12�AMR 7.95�Music on Hold�Normal�4�192�2.46�0.81�0.12�15.86��C13�AMR 7.40�Music on Hold�Normal�4�192�2.43�0.83�0.12�15.67��C14�AMR 5.90�Music on Hold�Normal�4�192�1.96�0.86�0.12�12.31��C15�G.729�Music on Hold�Normal�4�192�2.34�0.84�0.12�15.07��C16�EVRC�Music on Hold�Normal�4�192�2.01�0.87�0.12�12.71��	Yj: DMOS�	Sj: Standard deviation�	CIj: 95 % confidence interval�	Qeqv, j: Equivalent Q value
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Fig. 5-22: Music on Hold
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Fig. 5-23: MOS - Equivalent Q Curve















Table 5-15: Requirement and pair-wise comparison for Experiment 5



Condition:��Music on Hold ������������Requirement:��(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)������������reference����           CuT ����Yref-�1-tailed��2-tailed���Code�CODEC�Yref�Sref�Code�CODEC�Ytest�Stest�Ytest�MSD�Requirement�MSD�Requirement��C09�G.726(32k)�3.82�0.82�C11�AMR 12.2�3.18�0.81�0.64�0.14�failed�0.16�failed��C09�G.726(32k)�3.82�0.82�C12�AMR 7.95�2.46�0.81�1.36�0.14�failed�0.16�failed��C09�G.726(32k)�3.82�0.82�C13�AMR 7.40�2.42�0.83�1.40�0.14�failed�0.17�failed��C09�G.726(32k)�3.82�0.82�C14�AMR 5.90�1.96�0.86�1.86�0.14�failed�0.17�failed��C09�G.726(32k)�3.82�0.82�C15�G.729�2.34�0.84�1.48�0.14�failed�0.17�failed��C09�G.726(32k)�3.82�0.82�C16�EVRC�2.02�0.87�1.80�0.14�failed�0.17�failed��CuT: Codec under Test�MSD: Minimum Significant Difference�() means that requirement is not defined by ARIB.�5.6	Over all result

Over all result of pair-wise comparison using 2-tailed t-test is shown in Table 5-16. The results shows that:

GSM AMR at 12.2 kbit/s met all the requirements except two conditions, i.e. Car Noise 10 dB and Music on Hold. However it should be noted that quality of GSM AMR at 12.2 kbit/s is significantly better than that of the other 5 codecs under these two conditions.

GSM AMR at 7.95,  7.40 kbit/s, G.729 show very similar quality performance and are slightly worse than GSM AMR at 12.2 kbit/s. Difference between these 2 bitrate mode of GSM AMR and G.729 is BER 1e-3, 3 km/h, 2 radio link case.

GSM AMR at 5.90 kbit/s and EVRC show similar result. These two codecs failed the requirements at all 4 noise conditions and 2 channel error conditions.

Consequently, GSM AMR at 12.2 kbit/s shows the best performance among 6 codecs tested and GSM AMR at 7.95 and 7.40 kbit/s shows secondly best. �Table 5-16: Overall result of pair-wise comparison using 2-tailed t-test



�Experiment 1����Experiment 2����Experiment 3����Exp.4�Exp.5�Total ��CODEC�Nominal Input Level�Input level +10dB�Input level

-10dB�Tandem�Car 10dB�Street 15dB�Office 20dB�Multiple Talker 15 dB�BER 1e-3

3km/h

1-link�BER 1e-3

120km/h

1-link�BER 1e-3

3km/h

2-link�BER 1e-3

120km/h

2-link�Talker dependency�Music on Hold�Passed/Failed��AMR 12.2�passed�passed�passed�passed�failed�passed�passed�passed�passed�passed�passed�passed�passed�failed�12/2��AMR 7.95�passed�passed�passed�passed�failed�failed�failed�passed�passed�passed�passed�passed�passed�failed�10/4��AMR 7.40�passed�passed�passed�passed�failed�failed�failed�passed�passed�passed�passed�passed�passed�failed�10/4��AMR 5.90�passed�passed�passed�passed�failed�failed�failed�failed�passed�passed�failed�failed�passed�failed�7/7��G.729�passed�passed�passed�passed�failed�failed�failed�passed�passed�passed�failed�passed�passed�failed�9/5��EVRC�passed�passed�passed�passed�failed�failed�failed�failed�passed�passed�failed�failed�passed�failed�7/7���

6.	Conclusion

Subjective test results of GSM AMR are described in this document. In addition, G.729 and IS-127 EVRC are included in the test and their results are also described.

The results of all 5 experiments show that GSM AMR at 12.2 kbit/s met all the requirements except 2 conditions, i.e. Car noise 10 dB and Music on Hold, but shows significantly better results than that of the other 5 codecs.
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