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The definition of the narrowband telephony speech service for 3G systems requires to select and specify a speech codec to be mandatory supported by all 3G terminals and network equipment.

TSG-SA WG4 has approved a dedicated Work Item to complete the corresponding specifications on time for the approval of the 3GPP Release 99. TSG-SA WG4 believes that in order to meet this deadline, the mandatory speech codec must be identified as soon as possible. The baseline specifications (Transcoding functions essentially) should be available by April 1999 in order to complete and approve the standard by December 1999. Once the codec has been selected, a considerable amount of work will be required to fully specify and characterise the operation of the speech codec over the 3G radio channels (W-CDMA or TD/CDMA).

This document provides some background information on the work accomplished on this issue by the 3GPP partners.

Based on the results of the evaluation of multiple candidate speech codecs (see reference section), TSG-SA WG4 recommends that TSG-SA approves the selection of the GSM AMR as the mandatory speech codec. This proposal is based on the following key considerations:

· The GSM AMR includes multiple (8) codec modes providing the required flexibility to offer a toll quality speech service without compromising the system capacity;

· The GSM AMR includes the GSM EFR (at 12.2 kbps) and the IS136 EFR (at 7.4 kbps) offering a high level of compatibility with key 2G systems;

· No other candidate codec provides better performances than the GSM EFR (highest mode of GSM AMR). The GSM EFR was found to provide the best performances with respect to the requirements set by ARIB for the Mandatory Speech codec, often exceeding the required performance level;

· At equivalent source rate, the internal codec modes of AMR always provide equivalent or better performances than the other candidate speech codecs. For example the AMR codec modes at 7.95 kbit/s (and 7.4 kbit/s) were found equivalent or better than the IS127 EVRC (8.55 kbit/s mode) or the G.729 (8 kbit/s);

· The AMR speech codec specifications were recently approved by SMG. The corresponding C-Code has been released as part of the specifications. The completion of the 3GPP mandatory speech codec specifications in the time frame presented above would not be achievable if the selected codec specifications and C-Code was not already publicly available.

Background Work in 3GPP Partners

In ETSI SMG11, the definition of the speech codec for the narrowband speech service for UMTS has been discussed for the past two years. The compatibility with existing GSM speech services and the requirement to provide a quality of service at least as good as in 2G systems have been the main targets. Since mid-1998, TC SMG has considered that the GSM AMR should be the working assumption for the future 3G speech codec. AMR was found to provide the required flexibility, compatibility and high quality suited for 3G systems.

Preliminary results of AMR codec modes operating on WCDMA channels were presented and discussed in SMG11 and ARIB. They clearly showed the benefits of the multi-rate speech codec to provide a high level speech quality in a wide range of propagation conditions. In addition, the possibility to dispose of multiple source rates provides the required flexibility to preserve the 3G system capacity.

ARIB Codec Working Group has been working in the past year on the evaluation of candidate speech codecs for the 3G narrowband telephony speech service. ARIB has only considered existing and already standardised speech codecs in this evaluation process. The following speech codecs were pre-selected by ARIB: GSM AMR, IS127 EVRC, G729 Annex E and MPEG-4. A comprehensive set of subjective tests was developed to compare the performances of the proposed candidates in representative conditions [8]. The corresponding specification included tests with and without background noise, with channel errors (using Error Patterns specifically developed by ARIB for this project), in tandeming and with music on hold. A number of organisations performed the required subjective tests with the proposed candidate speech codecs. TSG-SA WG4 reviewed the available test results during the TSGS4#2 meeting in February 1999 (see reference section).

Candidate Codecs Evaluation

A summary of the test results of the evaluation of the candidate speech codecs is provided in Annex 1.

The main conclusions drawn from these test results are:

· The GSM EFR (highest mode of GSM AMR) provides the best performances of all tested candidates. The GSM EFR passes all requirements set by ARIB for the mandatory speech codec to the exception of one test in background noise in Japanese Language and the tests with Music on Hold. No other candidate codec provides better performance than the GSM EFR in any test where the codec performances have been directly compared;

· The performances of the IS127 EVRC, ITU G.729 and AMR Codec modes at 7.95 bit/s and 7.4 kbit/s were found essentially equivalent, justifying that the lower bit rates of the GSM AMR still provide the best in class performance level;

· These results were found consistent with the extensive tests already performed by other standardisation committees (ETSI, TIA) on the GSM AMR and its internal modes and the other candidate speech codecs (IS127 EVRC and G.729).

Test results of an evolution of the MPEG-4 speech codec were also reviewed by TSG-SA WG4, but the corresponding tests did not include any other candidate codec making it difficult to compare the performance of this codec with the GSM AMR, IS 127 EVRC and G.729. It appeared however, that the highest mode of this codec failed a slightly higher number of test conditions than the GSM EFR. It was also noted that the code for this codec was only available in a proprietary floating point implementation at this point making it more challenging to complete the 3G mandatory speech codec standard in the required time frame.

Conclusion

Based on the previous analysis, it appears that the GSM AMR provides the best possible performances and the required flexibility for an optimized implementation in 3G systems. As a result, TSG-SA WG4 recommends the adoption of the GSM AMR speech codec as the mandatory default 3G speech codec.
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Annex 1: Summary of the Test Results presented at TSG-S4#2

The following diagrams present a subset of results of the subjective tests performed by COMSAT (in English) and NTT DoCoMo (in Japanese) as part of the evaluation of multiple mandatory speech codecs, following the test plan defined by ARIB Codec Working Codec (reference [8]).

Test Results of Experiment 1: Clear performance, Input level and tandem assessment
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Nominal level: COMSAT Test Result
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Nominal level: NTT DoCoMo Test Result

[image: image3.emf]1 2 3 4 5

AMR 12.2, -16 dBOL

AMR 7.95, -16 dBOL

AMR 7.4, -16 dBOL

AMR 5.9, -16 dBOL

G.729, -16 dBOL

EVRC, -16 dBOL

G.726, -16 dBOL

MOS


Nominal +10dB: COMSAT Test Result
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Nominal +10 dB: NTT DoCoMo Test Result
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Nominal -10 dB: COMSAT Test Result
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Nominal -10 dB: NTT DoCoMo Test Result
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Tandeming: COMSAT Test Result
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Tandeming: NTT DoCoMo Test Result

Test Results of Experiment 2: Background Noise Assessment
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Street 15 dB: COMSAT Test Result
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Street 15 dB: NTT DoCoMo Test Result
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Combined Car 15 dB + 10-3 BER: COMSAT Test Result
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Combined Car 15 dB + 10-3 BER: NTT DoCoMo Test Result

[image: image13.emf]1 2 3 4 5

AMR 12.2, Car 10 dB S/N

AMR 7.95, Car 10 dB S/N

AMR 7.4, Car 10 dB S/N

AMR 5.9, Car 10 dB S/N

G.729, Car 10 dB S/N

EVRC, Car 10 dB S/N

G.726, Car 10 dB S/N

DMOS


Car 10 dB: COMSAT Test Result
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Car 10 dB: NTT DoCoMo Test Result
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Combined Office 20 dB + 10-3 BER: COMSAT Test Result
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Combined Office 20 dB + 10-3 BER: NTT DoCoMo Test Result

Test Results of Experiment 3: Channel Impairment Assessment
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BER 10-3, 120 km/h: COMSAT Test Result
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BER 10-3, 120 km/h: NTT DoCoMo Test Result
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FER 3.10-2, 3 km/h: COMSAT Test Result
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FER 3.10-2, 3 km/h: NTT DoCoMo Test Result

Test Results of Experiment 5: Music On Hold
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BER 10-3, 120 km/h: COMSAT Test Result

[image: image22.wmf]1

1.5

2

2.5

3

3.5

4

G.726(32k)

G.728

AMR 12.2

AMR 7.95

AMR 7.40

AMR 5.90

G.729

EVRC

MOS


BER 10-3, 120 km/h: NTT DoCoMo Test Result
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exp1 raw data

		

																								Experiment 1: Clean, Input level dependancy, Tandem

																								Table 2: Test Result of Experiment 1 (ACR)																								Pair-wise Comparison																														Graphs																						MOS-Q curve

				Table 1: Raw Data																				Condition
Code		CODEC		Condition		Input Level		Sample		Vote														Condition:				CleanCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										Clean																						A		18.44

																																																Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.CCCCC																										CODEC		MOS																				B		3.38

				C01		192		1.02		0.14		1.04		1.02		1.02		1						C01		MNRU		6 dBQ		Normal		4		192		1.02		0.14		0.02		-0.29						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCC										1-tailedCCCCCC				2-tailed								G.726(32k)		2.81																				M		3.56

				C02		192		1.32		0.49		1.52		1.13		1.4		1.25						C02		MNRU		12 dBQ		Normal		4		192		1.32		0.49		0.07		11.74						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						G.728		2.98																				D		1.01

				C03		192		2.32		0.7		2.42		2.29		2.46		2.13						C03		MNRU		18 dBQ		Normal		4		192		2.32		0.70		0.10		18.60						C09		G.726(32k)		2.81		0.77		C13		AMR 12.2		3.43		0.79		-0.62		0.13		passed		0.16		passed						AMR 12.2		3.43

				C04		192		3.12		0.79		2.96		2.9		3.23		3.4						C04		MNRU		24 dBQ		Normal		4		192		3.12		0.79		0.11		23.66						C09		G.726(32k)		2.81		0.77		C17		AMR 7.95		3.43		0.82		-0.62		0.13		passed		0.16		passed						AMR 7.95		3.43

				C05		192		3.5		0.88		3.21		3.33		3.42		4.04						C05		MNRU		30 dBQ		Normal		4		192		3.50		0.88		0.12		30.51						C09		G.726(32k)		2.81		0.77		C21		AMR 7.40		3.33		0.76		-0.52		0.13		passed		0.15		passed						AMR 7.40		3.33

				C06		192		3.55		0.86		3.27		3.46		3.44		4.02						C06		MNRU		36 dBQ		Normal		4		192		3.55		0.86		0.12		34.81						C09		G.726(32k)		2.81		0.77		C25		AMR 5.90		3.21		0.80		-0.40		0.13		passed		0.16		passed						AMR 5.90		3.21																				0		1.0208903613		6		1.02

				C07		192		3.65		0.84		3.27		3.56		3.52		4.25						C07		Uniform-PCM		Clean		Normal		4		192		3.65		0.84		0.12		-						C09		G.726(32k)		2.81		0.77		C29		G.729		3.38		0.80		-0.57		0.13		passed		0.16		passed						G.729		3.38																				1		1.024618277		12		1.32

				C08		192		2.98		0.9		2.79		2.48		3.02		3.63						C08		G.728		Clean		Normal		4		192		2.98		0.90		0.13		22.52						C09		G.726(32k)		2.81		0.77		C33		EVRC		3.51		0.79		-0.70		0.13		passed		0.16		passed						EVRC		3.51																				2		1.0296124896		18		2.32

				C09		192		2.81		0.77		2.9		2.23		3.06		3.06						C09		G.726(32k)		Clean		Normal		4		192		2.81		0.77		0.11		21.35																																																										3		1.0362953069		24		3.12

				C10		192		2.82		0.79		2.9		2.29		3.04		3.04						C10		G.726(32k)		Input Level		+10dB		4		192		2.82		0.79		0.11		21.42																																																										4		1.0452236737		30		3.50

				C11		192		2.72		0.83		2.56		2.27		3.08		2.98						C11		G.726(32k)		Input Level		-10dB		4		192		2.72		0.83		0.12		20.80						Condition:				Input Level +10 dBCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																																																5		1.0571272106		36		3.55

				C12		192		2.41		0.78		2.23		2.1		2.71		2.6						C12		G.726(32k)		Tandem		Normal		4		192		2.41		0.78		0.11		19.08						Requirement:				(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																																																6		1.0729531427

				C13		192		3.43		0.79		3.13		3.23		3.48		3.88						C13		AMR 12.2		Clean		Normal		4		192		3.43		0.79		0.11		28.07						referenceCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCC										1-tailedCCCCCC				2-tailed																														7		1.0939161522

				C14		192		3.52		0.79		3.35		3.25		3.48		4						C14		AMR 12.2		Input Level		+10dB		4		192		3.52		0.79		0.11		31.68						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																												8		1.1215478804

				C15		192		3.31		0.89		3.21		2.96		3.46		3.6						C15		AMR 12.2		Input Level		-10dB		4		192		3.31		0.89		0.13		25.81						C10		G.726(32k)		2.82		0.79		C14		AMR 12.2		3.52		0.79		-0.70		0.13		passed		0.16		passed																												9		1.1577352621

				C16		192		3.39		0.74		3.38		3.1		3.38		3.71						C16		AMR 12.2		Tandem		Normal		4		192		3.39		0.74		0.10		27.17						C10		G.726(32k)		2.82		0.79		C18		AMR 7.95		3.29		0.82		-0.47		0.14		passed		0.16		passed						Input Level +10 dB																						10		1.2047285706

				C17		192		3.43		0.82		3.1		3.23		3.46		3.92						C17		AMR 7.95		Clean		Normal		4		192		3.43		0.82		0.12		28.07						C10		G.726(32k)		2.82		0.79		C22		AMR 7.40		3.46		0.76		-0.64		0.13		passed		0.16		passed						CODEC		MOS																				11		1.2650893232

				C18		192		3.29		0.82		3.04		3.19		3.31		3.6						C18		AMR 7.95		Input Level		+10dB		4		192		3.29		0.82		0.12		25.53						C10		G.726(32k)		2.82		0.79		C26		AMR 5.90		3.12		0.83		-0.30		0.14		passed		0.16		passed						G.726(32k)		2.82																				12		1.3415377296

				C19		192		3.13		0.77		2.98		2.83		3.25		3.44						C19		AMR 7.95		Input Level		-10dB		4		192		3.13		0.77		0.11		23.75						C10		G.726(32k)		2.82		0.79		C30		G.729		3.43		0.81		-0.61		0.13		passed		0.16		passed						AMR 12.2		3.52																				13		1.4366561625

				C20		192		3.21		0.83		3.04		2.92		3.5		3.4						C20		AMR 7.95		Tandem		Normal		4		192		3.21		0.83		0.12		24.56						C10		G.726(32k)		2.82		0.79		C34		EVRC		3.45		0.81		-0.63		0.13		passed		0.16		passed						AMR 7.95		3.29																				14		1.5524216996

				C21		192		3.33		0.76		3.13		3.17		3.33		3.69						C21		AMR 7.40		Clean		Normal		4		192		3.33		0.76		0.11		26.11																																				AMR 7.40		3.46																				15		1.6895919781

				C22		192		3.46		0.76		3.31		3.21		3.5		3.81						C22		AMR 7.40		Input Level		+10dB		4		192		3.46		0.76		0.11		28.93																																				AMR 5.90		3.12																				16		1.8470589687

				C23		192		3.16		0.81		2.94		3		3.27		3.42						C23		AMR 7.40		Input Level		-10dB		4		192		3.16		0.81		0.11		24.04						Condition:				Input Level -10 dBCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										G.729		3.43																				17		2.0213879376

				C24		192		3.14		0.86		2.9		2.79		3.23		3.65						C24		AMR 7.40		Tandem		Normal		4		192		3.14		0.86		0.12		23.85						Requirement:				(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)ccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccc																										EVRC		3.45																				18		2.2068038455

				C25		192		3.21		0.8		2.9		2.96		3.48		3.5						C25		AMR 5.90		Clean		Normal		4		192		3.21		0.80		0.11		24.56						referenceCCCCCCCCCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCCCCCCCCC										1-tailedCCCCCCCCCC				2-tailedCCCCCCCCCCC																														19		2.3957936105

				C26		192		3.12		0.83		2.92		2.85		3.17		3.54						C26		AMR 5.90		Input Level		+10dB		4		192		3.12		0.83		0.12		23.66						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																												20		2.5802504409

				C27		192		3.09		0.79		2.96		2.96		3.21		3.25						C27		AMR 5.90		Input Level		-10dB		4		192		3.09		0.79		0.11		23.40						C11		G.726(32k)		2.72		0.83		C15		AMR 12.2		3.31		0.89		-0.59		0.14		passed		0.17		passed																												21		2.7528178128

				C28		192		2.91		0.88		2.92		2.65		3.06		3						C28		AMR 5.90		Tandem		Normal		4		192		2.91		0.88		0.12		22.01						C11		G.726(32k)		2.72		0.83		C19		AMR 7.95		3.13		0.77		-0.41		0.13		passed		0.16		passed																												22		2.9079823378

				C29		192		3.38		0.8		3.17		3.23		3.42		3.71						C29		G.729		Clean		Normal		4		192		3.38		0.80		0.11		26.97						C11		G.726(32k)		2.72		0.83		C23		AMR 7.40		3.16		0.81		-0.44		0.14		passed		0.16		passed																												23		3.0426002761

				C30		192		3.43		0.81		3.19		3.04		3.52		3.96						C30		G.729		Input Level		+10dB		4		192		3.43		0.81		0.11		28.07						C11		G.726(32k)		2.72		0.83		C27		AMR 5.90		3.09		0.79		-0.37		0.14		passed		0.16		passed																												24		3.1558179286

				C31		192		3.14		0.84		2.9		2.85		3.25		3.54						C31		G.729		Input Level		-10dB		4		192		3.14		0.84		0.12		23.85						C11		G.726(32k)		2.72		0.83		C31		G.729		3.14		0.84		-0.42		0.14		passed		0.17		passed																												25		3.2485743973

				C32		192		3.13		0.92		3.04		2.94		3.06		3.46						C32		G.729		Tandem		Normal		4		192		3.13		0.92		0.13		23.75						C11		G.726(32k)		2.72		0.83		C35		EVRC		3.17		0.82		-0.45		0.14		passed		0.17		passed																												26		3.3229495738

				C33		192		3.51		0.79		3.42		3.35		3.25		4.02						C33		EVRC		Clean		Normal		4		192		3.51		0.79		0.11		31.05																																																										27		3.3815636288

				C34		192		3.45		0.81		3.23		3.31		3.44		3.81						C34		EVRC		Input Level		+10dB		4		192		3.45		0.81		0.11		28.62																																				Input Level -10 dB																						28		3.4271301791

				C35		192		3.17		0.82		2.85		3.02		3.33		3.48						C35		EVRC		Input Level		-10dB		4		192		3.17		0.82		0.12		24.14						Condition:				TandemCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										CODEC		MOS																				29		3.462179052

				C36		192		3.23		0.95		3.08		3.06		3.29		3.48						C36		EVRC		Tandem		Normal		4		192		3.23		0.95		0.13		24.78						Requirement:				(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same conditon.)CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										G.726(32k)		2.72																				30		3.4889181474

																																																referenceCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCC										1-tailedCCCCCCCC				2-tailedCCCCCCCC								AMR 12.2		3.31																				31		3.5091905119

																																																Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						AMR 7.95		3.13																				32		3.5244873681

																																																C12		G.726(32k)		2.41		0.78		C16		AMR 12.2		3.39		0.74		-0.98		0.13		passed		0.15		passed						AMR 7.40		3.16																				33		3.5359886094

																																																C12		G.726(32k)		2.41		0.78		C20		AMR 7.95		3.21		0.83		-0.80		0.14		passed		0.16		passed						AMR 5.90		3.09																				34		3.544612781

																																																C12		G.726(32k)		2.41		0.78		C24		AMR 7.40		3.14		0.86		-0.73		0.14		passed		0.16		passed						G.729		3.14																				35		3.551066537

																																																C12		G.726(32k)		2.41		0.78		C28		AMR 5.90		2.91		0.88		-0.50		0.14		passed		0.17		passed						EVRC		3.17																				36		3.5558887997

																																																C12		G.726(32k)		2.41		0.78		C32		G.729		3.13		0.92		-0.72		0.14		passed		0.17		passed																												37		3.559487936

																																																C12		G.726(32k)		2.41		0.78		C36		EVRC		3.23		0.95		-0.82		0.15		passed		0.17		passed																												38		3.5621719162

																																																																																																				39		3.5641721788

																																																																																																				40		3.5656621952

																																																																																																				41		3.5667717361

																																																																																																				42		3.5675977411

																																																																																																				43		3.5682125467

																																																																																																				44		3.5686700881

																																																																																																				45		3.5690105561

																																																																														Tandem																						46		3.5692638867

																																																																														CODEC		MOS																				47		3.5694523701

																																																																														G.726(32k)		2.41																				48		3.5695925996

																																																																														AMR 12.2		3.39																				49		3.5696969253

																																																																														AMR 7.95		3.21																				50		3.569774538

																																																																														AMR 7.40		3.14

																																																																														AMR 5.90		2.91

																																																																														G.729		3.13

																																																																														EVRC		3.23
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																								Listening Test Results of ARIB Mandatory Speech Codec

																								Experiment 2: Background Noise

																								Table 2: Test Result of Experiment 2 (DCR)																								Pair-wise Comparison																														Graphs																																								MOS-Q curve

				Table 1: Raw Data																				Condition
Code		CODEC		Condition		Input Level		Sample		Vote														Condition:				Car 10 dBCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										Car Noise 10 dB																				Multiple Talker 15 dB																				A		18.15

																																																Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.CCCCCCCCCCCCCCCCCCCCCCCC																										CODEC		DMOS																		CODEC		DMOS																		B		2.83

				C01		192		1.14		0.58		1.31		1.04		1.1		1.1						C01		MNRU		6 dBQ (w/ Office 20 dB)		Normal		4		192		1.14		0.58		0.08		6.54						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCC										1-tailed				2-tailed								G.726(32k)		4.52																		G.726(32k)		4.37																		M		4.69

				C02		192		1.58		0.85		1.52		1.27		2.08		1.44						C02		MNRU		12 dBQ (w/ Office 20 dB)		Normal		4		192		1.58		0.85		0.12		12.91						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						AMR 12.2		4.02																		AMR 12.2		4.47																		D		1.08

				C03		192		2.93		1.18		2.83		2.1		3.54		3.25						C03		MNRU		18 dBQ (w/ Office 20 dB)		Normal		4		192		2.93		1.18		0.17		18.17						C08		G.726(32k)		4.52		0.77		C12		AMR 12.2		4.02		0.93		0.50		0.14		failed		0.17		failed						AMR 7.95		3.62																		AMR 7.95		4.21

				C04		192		4.48		0.72		4.56		4.31		4.46		4.6						C04		MNRU		24 dBQ (w/ Office 20 dB)		Normal		4		192		4.48		0.72		0.10		25.12						C08		G.726(32k)		4.52		0.77		C18		AMR 7.95		3.62		0.97		0.90		0.15		failed		0.18		failed						AMR 7.40		3.42																		AMR 7.40		4.27

				C05		192		4.73		0.52		4.92		4.67		4.58		4.75						C05		MNRU		30 dBQ (w/ Office 20 dB)		Normal		4		192		4.73		0.52		0.07		30.92						C08		G.726(32k)		4.52		0.77		C24		AMR 7.40		3.42		1.02		1.10		0.15		failed		0.18		failed						AMR 5.90		2.89																		AMR 5.90		3.85

				C06		192		4.77		0.46		4.79		4.75		4.81		4.73						C06		MNRU		36 dBQ (w/ Office 20 dB)		Normal		4		192		4.77		0.46		0.07		-						C08		G.726(32k)		4.52		0.77		C30		AMR 5.90		2.89		1.02		1.63		0.15		failed		0.18		failed						G.729		3.34																		G.729		4.3																		0		1.0860394692		6		1.14

				C07		192		4.72		0.67		4.94		4.73		4.42		4.79						C07		Uniform-PCM		Office 20 dB		Normal		4		192		4.72		0.67		0.10		30.28						C08		G.726(32k)		4.52		0.77		C36		G.729		3.34		1.01		1.18		0.15		failed		0.18		failed						EVRC		2.96																		EVRC		4.13																		1		1.0885932718		12		1.58

				C08		192		4.52		0.77		4.63		4.44		4.6		4.42						C08		G.726(32k)		Car 10 dB		Normal		4		192		4.52		0.77		0.11		25.57						C08		G.726(32k)		4.52		0.77		C42		EVRC		2.96		0.98		1.56		0.15		failed		0.18		failed																																														2		1.0922233724		18		2.93

				C09		192		4.59		0.62		4.5		4.58		4.52		4.77						C09		G.726(32k)		Street 15 dB		Normal		4		192		4.59		0.62		0.09		26.56																																																																												3		1.0973797158		24		4.48

				C10		192		4.51		0.7		4.63		4.65		4.27		4.5						C10		G.726(32k)		Office 20 dB		Normal		4		192		4.51		0.70		0.10		25.45																																																																												4		1.1046966199		30		4.73

				C11		192		4.37		0.75		4.38		4.6		4.06		4.44						C11		G.726(32k)		Multiple Talker 15 dB		Normal		4		192		4.37		0.75		0.11		24.11						Condition:				Street 15 dB CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																																																																		5		1.1150645484		36		4.77

				C12		192		4.02		0.93		3.77		3.98		4.29		4.04						C12		AMR 12.2		Car 10 dB		Normal		4		192		4.02		0.93		0.13		22.02						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.CCCCCCCCCCCCCCCCCCCCCCCC																																																																		6		1.1297260038

				C13		192		4.53		0.64		4.35		4.48		4.67		4.6						C13		AMR 12.2		Street 15 dB		Normal		4		192		4.53		0.64		0.09		25.69						referenceCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCC										1-tailed				2-tailed																																																7		1.1503997383

				C14		192		4.47		0.67		4.44		4.5		4.54		4.4						C14		AMR 12.2		Office 20 dB		Normal		4		192		4.47		0.67		0.10		25.01						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																																														8		1.179433863

				C15		192		4.47		0.74		4.52		4.5		4.4		4.46						C15		AMR 12.2		Multiple Talker 15 dB		Normal		4		192		4.47		0.74		0.11		25.01						C09		G.726(32k)		4.59		0.62		C13		AMR 12.2		4.53		0.64		0.06		0.11		passed		0.13		passed						Street Noise 15 dB																																								9		1.219979113

				C16		96		4.08		1.01		3.85		4.31										C16		AMR 12.2		Conbination Car 15 dB		Normal		2		96		4.08		1.01		0.21		22.31						C09		G.726(32k)		4.59		0.62		C19		AMR 7.95		4.10		0.74		0.49		0.11		failed		0.14		failed						CODEC		DMOS																		Combination Car 15 dB																				10		1.2761539428

				C17		96		4.18		0.86		4.17		4.19										C17		AMR 12.2		Conbination Office 20 dB		Normal		2		96		4.18		0.86		0.17		22.85						C09		G.726(32k)		4.59		0.62		C25		AMR 7.40		4.02		0.95		0.57		0.13		failed		0.16		failed						G.726(32k)		4.59																		CODEC		DMOS																		11		1.353137731

				C18		192		3.62		0.97		3.31		3.67		3.56		3.94						C18		AMR 7.95		Car 10 dB		Normal		4		192		3.62		0.97		0.14		20.39						C09		G.726(32k)		4.59		0.62		C31		AMR 5.90		3.51		0.99		1.08		0.14		failed		0.17		failed						AMR 12.2		4.53																		AMR 12.2		4.08																		12		1.4570742488

				C19		192		4.1		0.74		3.85		4.06		4.25		4.25						C19		AMR 7.95		Street 15 dB		Normal		4		192		4.10		0.74		0.11		22.41						C09		G.726(32k)		4.59		0.62		C37		G.729		4.11		0.84		0.48		0.12		failed		0.15		failed						AMR 7.95		4.1																		AMR 7.95		3.51																		13		1.5946048721

				C20		192		4.24		0.76		4.04		4.46		4.17		4.31						C20		AMR 7.95		Office 20 dB		Normal		4		192		4.24		0.76		0.11		23.20						C09		G.726(32k)		4.59		0.62		C43		EVRC		3.61		0.93		0.98		0.13		failed		0.16		failed						AMR 7.40		4.02																		AMR 7.40		3.54																		14		1.7718221446

				C21		192		4.21		0.94		4.02		4.31		4.31		4.19						C21		AMR 7.95		Multiple Talker 15 dB		Normal		4		192		4.21		0.94		0.13		23.02																																				AMR 5.90		3.51																		AMR 5.90		3.07																		15		1.9925303804

				C22		96		3.51		1.04		3.25		3.77										C22		AMR 7.95		Conbination Car 15 dB		Normal		2		96		3.51		1.04		0.21		20.01																																				G.729		4.11																		G.729		3.43																		16		2.2560312043

				C23		96		3.8		1.02		3.44		4.17										C23		AMR 7.95		Conbination Office 20 dB		Normal		2		96		3.80		1.02		0.21		21.07						Condition:				Offece 20 dB CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										EVRC		3.61																		EVRC		2.45																		17		2.5552071793

				C24		192		3.42		1.02		2.88		3.4		3.48		3.94						C24		AMR 7.40		Car 10 dB		Normal		4		192		3.42		1.02		0.15		19.71						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.CCCCCCCCCCCCCCCCCCCCCCCC																																																																		18		2.8761156843

				C25		192		4.02		0.95		3.69		3.77		4.35		4.25						C25		AMR 7.40		Street 15 dB		Normal		4		192		4.02		0.95		0.14		22.02						referenceCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCCCCCCCCCC										1-tailed				2-tailed																																																19		3.2000116246

				C26		192		3.94		0.84		3.67		4.08		4.08		3.92						C26		AMR 7.40		Office 20 dB		Normal		4		192		3.94		0.84		0.12		21.65						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																																														20		3.5074520009

				C27		192		4.27		0.92		4.04		4.25		4.48		4.29						C27		AMR 7.40		Multiple Talker 15 dB		Normal		4		192		4.27		0.92		0.13		23.39						C10		G.726(32k)		4.51		0.7		C14		AMR 12.2		4.47		0.67		0.04		0.12		passed		0.14		passed																																														21		3.7827249698

				C28		96		3.54		0.97		3.31		3.77										C28		AMR 7.40		Conbination Car 15 dB		Normal		2		96		3.54		0.97		0.20		20.11						C10		G.726(32k)		4.51		0.7		C20		AMR 7.95		4.24		0.76		0.27		0.12		failed		0.15		failed																																														22		4.0166075516

				C29		96		3.52		1.04		3.27		3.77										C29		AMR 7.40		Conbination Office 20 dB		Normal		2		96		3.52		1.04		0.21		20.04						C10		G.726(32k)		4.51		0.7		C26		AMR 7.40		3.94		0.84		0.57		0.13		failed		0.15		failed																																														23		4.2066331021

				C30		192		2.89		1.02		2.29		3		2.81		3.44						C30		AMR 5.90		Car 10 dB		Normal		4		192		2.89		1.02		0.15		18.04						C10		G.726(32k)		4.51		0.7		C32		AMR 5.90		3.63		0.99		0.88		0.14		failed		0.17		failed																																														24		4.3554944719

				C31		192		3.51		0.99		2.92		3.6		3.85		3.67						C31		AMR 5.90		Street 15 dB		Normal		4		192		3.51		0.99		0.14		20.01						C10		G.726(32k)		4.51		0.7		C38		G.729		3.9		0.84		0.61		0.13		failed		0.15		failed																																														25		4.4688105223

				C32		192		3.63		0.99		3.27		3.67		3.73		3.85						C32		AMR 5.90		Office 20 dB		Normal		4		192		3.63		0.99		0.14		20.43						C10		G.726(32k)		4.51		0.7		C44		EVRC		3.79		1.01		0.72		0.15		failed		0.17		failed						Office Noise 20 dB																																								26		4.5531990249

				C33		192		3.85		0.96		3.38		4.06		3.83		4.13						C33		AMR 5.90		Multiple Talker 15 dB		Normal		4		192		3.85		0.96		0.14		21.27																																				CODEC		DMOS																		Combination Car 15 dB																				27		4.6150245017

				C34		96		3.07		0.93		2.73		3.42										C34		AMR 5.90		Conbination Car 15 dB		Normal		2		96		3.07		0.93		0.19		18.60																																				G.726(32k)		4.51																		CODEC		DMOS																		28		4.6597786222

				C35		96		3.1		0.91		2.85		3.35										C35		AMR 5.90		Conbination Office 20 dB		Normal		2		96		3.10		0.91		0.18		18.69						Condition:				Multiple Talker 15 dBCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										G.728		4.61																		G.726(32k)		4.51																		29		4.6918941202

				C36		192		3.34		1.01		2.88		3.1		3.73		3.65						C36		G.729		Car 10 dB		Normal		4		192		3.34		1.01		0.15		19.45						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.CCCCCCCCCCCCCCCCCCCCCCCC																										AMR 12.2		4.47																		AMR 12.2		4.18																		30		4.7147963425

				C37		192		4.11		0.84		3.92		4.04		4.33		4.15						C37		G.729		Street 15 dB		Normal		4		192		4.11		0.84		0.12		22.46						referenceCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCCCCC										1-tailed				2-tailed								AMR 7.95		4.24																		AMR 7.95		3.8																		31		4.7310555777

				C38		192		3.9		0.84		3.44		4.08		4.02		4.06						C38		G.729		Office 20 dB		Normal		4		192		3.90		0.84		0.12		21.48						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						AMR 7.40		3.94																		AMR 7.40		3.52																		32		4.7425620998

				C39		192		4.3		0.84		3.88		4.42		4.42		4.48						C39		G.729		Multiple Talker 15 dB		Normal		4		192		4.30		0.84		0.12		23.60						C11		G.726(32k)		4.37		0.75		C15		AMR 12.2		4.47		0.74		-0.10		0.13		passed		0.15		passed						AMR 5.90		3.63																		AMR 5.90		3.1																		33		4.7506868876

				C40		96		3.43		1.03		3.17		3.69										C40		G.729		Conbination Car 15 dB		Normal		2		96		3.43		1.03		0.21		19.74						C11		G.726(32k)		4.37		0.75		C21		AMR 7.95		4.21		0.94		0.16		0.14		failed		0.17		passed						G.729		3.90																		G.729		3.68																		34		4.7564147237

				C41		96		3.68		1.02		3.63		3.73										C41		G.729		Conbination Office 20 dB		Normal		2		96		3.68		1.02		0.21		20.61						C11		G.726(32k)		4.37		0.75		C27		AMR 7.40		4.27		0.92		0.10		0.14		passed		0.17		passed						EVRC		3.79																		EVRC		2.91																		35		4.7604482324

				C42		192		2.96		0.98		2.67		3		3		3.19						C42		EVRC		Car 10 dB		Normal		4		192		2.96		0.98		0.14		18.26						C11		G.726(32k)		4.37		0.75		C33		AMR 5.90		3.85		0.96		0.52		0.14		failed		0.17		failed																																														36		4.7632863674

				C43		192		3.61		0.93		3.35		3.56		3.75		3.77						C43		EVRC		Street 15 dB		Normal		4		192		3.61		0.93		0.13		20.36						C11		G.726(32k)		4.37		0.75		C39		G.729		4.3		0.84		0.07		0.13		passed		0.16		passed																																														37		4.7652822829

				C44		192		3.79		1.01		3.42		3.92		3.75		4.06						C44		EVRC		Office 20 dB		Normal		4		192		3.79		1.01		0.15		21.03						C11		G.726(32k)		4.37		0.75		C45		EVRC		4.13		0.96		0.24		0.14		failed		0.17		failed																																														38		4.7666853608

				C45		192		4.13		0.96		3.54		4.31		4.46		4.19						C45		EVRC		Multiple Talker 15 dB		Normal		4		192		4.13		0.96		0.14		22.57																																																																												39		4.7676714184

				C46		96		2.45		1.04		2.35		2.54										C46		EVRC		Conbination Car 15 dB		Normal		2		96		2.45		1.04		0.21		16.66																																																																												40		4.7683642682

				C47		96		2.91		1.11		2.92		2.9										C47		EVRC		Conbination Office 20 dB		Normal		2		96		2.91		1.11		0.23		18.10																																																																												41		4.7688510306

				C48		192		4.61		0.67		4.65		4.73		4.35		4.73						C48		G.728		Office 20 dB		Normal		4		192		4.61		0.67		0.10		26.91																																																																												42		4.7691929735

																																																																																																																						43		4.769433167

																																																																																																																						44		4.76960188

																																																																																																																						45		4.7697203808

																																																																																																																						46		4.7698036116

																																																																																																																						47		4.769862069

																																																																																																																						48		4.7699031263

																																																																																																																						49		4.7699319625

																																																																																																																						50		4.7699522152





overall result

		



Q (db)

MOS



		



DMOS



		



DMOS



		



DMOS



		



DMOS



		



DMOS



		



no error

DMOS



																								Listening Test Results of ARIB Mandatory Speech Codec

																								Experiment 3: W-CDMA Channel Errors

																								Table 2: Test Result of Experiment 3 (ACR)																								Pair-wise Comparison

				Table 1: Raw Data																				Condition
Code		CODEC		Condition		Input Level		Sample		Vote																																												Graphs																																								MOS-Q curve

																																																Condition:				BER 1e-3,3km/h, 1-linkCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

				C01		192		1.02		0.12		1.02		1.02		1		1.02						C01		MNRU		6 dBQ		Normal		4		192		1.02		0.12		0.02		-0.47						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.2 MOS.CCCCC																										BER 1e-3, 3km, 1-link																				FER 3e-2, 3km, 1-link																				A		19.01

				C02		192		1.56		0.6		1.35		1.5		1.54		1.85						C02		MNRU		12 dBQ		Normal		4		192		1.56		0.60		0.09		13.81						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCC										1-tailed				2-tailed								CODEC		MOS																		CODEC		MOS																		B		3.4

				C03		192		2.73		0.92		2.42		2.54		2.73		3.25						C03		MNRU		18 dBQ		Normal		4		192		2.73		0.92		0.13		19.78						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						G.726(32k)		3.45																		AMR 12.2		3.19																		M		4.09

				C04		192		3.54		0.86		3.25		3.81		3.33		3.75						C04		MNRU		24 dBQ		Normal		4		192		3.54		0.86		0.12		24.14						C12		G.726(32k)		3.45		0.87		C13		AMR 12.2		3.65		0.85		-0.40		0.14		passed		0.17		passed						AMR 12.2		3.65																		AMR 7.95		2.85																		D		1.01

				C05		192		3.97		0.82		3.67		4.4		3.85		3.96						C05		MNRU		30 dBQ		Normal		4		192		3.97		0.82		0.12		29.64						C12		G.726(32k)		3.45		0.87		C19		AMR 7.95		3.48		0.82		-0.23		0.14		passed		0.17		passed						AMR 7.95		3.48																		AMR 7.40		2.89

				C06		192		4.08		0.79		3.9		4.54		3.85		4.04						C06		MNRU		36 dBQ		Normal		4		192		4.08		0.79		0.11		36.12						C12		G.726(32k)		3.45		0.87		C25		AMR 7.40		3.29		0.82		-0.04		0.14		passed		0.17		passed						AMR 7.40		3.29																		AMR 5.90		2.87

				C07		192		1.57		0.63		1.31		1.56		1.6		1.81						C07		MNRU		12 dBQ		Normal		4		192		1.57		0.63		0.09		13.88						C12		G.726(32k)		3.45		0.87		C31		AMR 5.90		3.22		0.83		0.03		0.14		passed		0.17		passed						AMR 5.90		3.22																		G.729		3.1																		0		1.0214848205		6		1.02

				C08		192		2.68		0.87		2.52		2.6		2.6		3						C08		MNRU		18 dBQ		Normal		4		192		2.68		0.87		0.12		19.56						C12		G.726(32k)		3.45		0.87		C37		G.729		3.33		0.92		-0.08		0.15		passed		0.18		passed						G.729		3.33																		EVRC		2.91																		1		1.0253923978		12		1.56

				C09		192		3.63		0.86		3.31		3.79		3.42		3.98						C09		MNRU		24 dBQ		Normal		4		192		3.63		0.86		0.12		24.85						C12		G.726(32k)		3.45		0.87		C43		EVRC		3.36		0.88		-0.11		0.15		passed		0.18		passed						EVRC		3.36																																						2		1.0306205778		18		2.73

				C10		192		4.01		0.82		3.75		4.27		3.92		4.1						C10		MNRU		30 dBQ		Normal		4		192		4.01		0.82		0.12		30.93																																																																												3		1.0376086149		24		3.54

				C11		192		4.04		0.75		3.83		4.44		3.81		4.08						C11		Uniform-PCM		Clean		Normal		4		192		4.04		0.75		0.11		32.34																																																																												4		1.0469363061		30		3.97

				C12		192		3.45		0.87		3.27		3.52		3.35		3.67						C12		G.726(32k)		Clean		Normal		4		192		3.45		0.87		0.12		23.51						Condition:				BER 1e-3,120km/h, 1-linkCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																																																																		5		1.0593645991		36		4.08

				C13		192		3.65		0.85		3.69		3.6		3.54		3.77						C13		AMR 12.2		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.65		0.85		0.12		25.03						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.2 MOS.CCCCC																																																																		6		1.0758845086

				C14		192		3.76		0.83		3.46		4.13		3.6		3.83						C14		AMR 12.2		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.76		0.83		0.12		26.12						referenceCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCC										1-tailed				2-tailed																																																7		1.0977732344

				C15		192		3.22		0.84		2.94		3.42		3.21		3.31						C15		AMR 12.2		BER 1e-3, 3km/h, 2-link		Normal		4		192		3.22		0.84		0.12		22.14						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																																														8		1.1266535077

				C16		192		3.28		0.83		3.13		3.33		3.38		3.27						C16		AMR 12.2		BER 1e-3, 120km/h, 2-link		Normal		4		192		3.28		0.83		0.12		22.47						C12		G.726(32k)		3.45		0.87		C14		AMR 12.2		3.76		0.83		-0.51		0.14		passed		0.17		passed																																														9		1.1645471703

				C17		192		3.19		0.86		2.83		3.44		3.29		3.21						C17		AMR 12.2		FER 3e-2, 3km/h, 1-link		Normal		4		192		3.19		0.86		0.12		21.98						C12		G.726(32k)		3.45		0.87		C20		AMR 7.95		3.56		0.85		-0.31		0.14		passed		0.17		passed																																														10		1.2139060393

				C18		192		3.47		0.91		3.02		3.58		3.48		3.81						C18		AMR 12.2		FER 3e-2, 120km/h, 1-link		Normal		4		192		3.47		0.91		0.13		23.64						C12		G.726(32k)		3.45		0.87		C26		AMR 7.40		3.51		0.82		-0.26		0.14		passed		0.17		passed						BER 1e-3, 120km, 1-link																																								11		1.2775919792

				C19		192		3.48		0.82		3.23		3.6		3.54		3.56						C19		AMR 7.95		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.48		0.82		0.12		23.71						C12		G.726(32k)		3.45		0.87		C32		AMR 5.90		3.32		0.87		-0.07		0.15		passed		0.17		passed						CODEC		MOS																																						12		1.358765241

				C20		192		3.56		0.85		3.25		3.73		3.54		3.71						C20		AMR 7.95		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.56		0.85		0.12		24.29						C12		G.726(32k)		3.45		0.87		C38		G.729		3.38		0.81		-0.13		0.14		passed		0.17		passed						G.726(32k)		3.45																		FER 3e-2, 120km, 1-link																				13		1.4606307193

				C21		192		2.84		0.87		2.63		2.96		2.9		2.9						C21		AMR 7.95		BER 1e-3, 3km/h, 2-link		Normal		4		192		2.84		0.87		0.12		20.28						C12		G.726(32k)		3.45		0.87		C44		EVRC		3.59		0.83		-0.34		0.14		passed		0.17		passed						AMR 12.2		3.76																		CODEC		MOS																		14		1.585996868

				C22		192		2.79		0.9		2.52		2.77		2.83		3.02						C22		AMR 7.95		BER 1e-3, 120km/h, 2-link		Normal		4		192		2.79		0.90		0.13		20.05																																				AMR 7.95		3.56																		AMR 12.2		3.47																		15		1.7366381551

				C23		192		2.85		0.87		2.42		2.83		3.08		3.06						C23		AMR 7.95		FER 3e-2, 3km/h, 1-link		Normal		4		192		2.85		0.87		0.12		20.32																																				AMR 7.40		3.51																		AMR 7.95		2.98																		16		1.9125331023

				C24		192		2.98		0.89		2.4		2.85		3.25		3.44						C24		AMR 7.95		FER 3e-2, 120km/h, 1-link		Normal		4		192		2.98		0.89		0.13		20.93						Condition:				BER 1e-3,3km/h, 2-linkCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										AMR 5.90		3.32																		AMR 7.40		2.98																		17		2.1111677353

				C25		192		3.29		0.82		3		3.23		3.29		3.65						C25		AMR 7.40		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.29		0.82		0.12		22.53						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.5 MOS.CCCCC																										G.729		3.38																		AMR 5.90		2.84																		18		2.3271948026

				C26		192		3.51		0.82		3.31		3.77		3.4		3.54						C26		AMR 7.40		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.51		0.82		0.12		23.92						referenceCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCCCCCCCCC										1-tailed				2-tailed								EVRC		3.59																		G.729		3.18																		19		2.5527279428

				C27		192		2.79		0.83		2.77		2.6		2.9		2.88						C27		AMR 7.40		BER 1e-3, 3km/h, 2-link		Normal		4		192		2.79		0.83		0.12		20.05						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement																										EVRC		3.09																		20		2.7783579555

				C28		192		2.87		0.87		2.58		2.9		2.96		3.04						C28		AMR 7.40		BER 1e-3, 120km/h, 2-link		Normal		4		192		2.87		0.87		0.12		20.42						C12		G.726(32k)		3.45		0.87		C15		AMR 12.2		3.22		0.84		-0.27		0.14		passed		0.17		passed																																														21		2.9946596328

				C29		192		2.89		0.85		2.42		2.85		3.17		3.1						C29		AMR 7.40		FER 3e-2, 3km/h, 1-link		Normal		4		192		2.89		0.85		0.12		20.51						C12		G.726(32k)		3.45		0.87		C21		AMR 7.95		2.84		0.87		0.11		0.15		passed		0.17		passed																																														22		3.1937039562

				C30		192		2.98		0.85		2.48		2.94		3.23		3.27						C30		AMR 7.40		FER 3e-2, 120km/h, 1-link		Normal		4		192		2.98		0.85		0.12		20.93						C12		G.726(32k)		3.45		0.87		C27		AMR 7.40		2.79		0.83		0.16		0.14		failed		0.17		passed																																														23		3.3700875569

				C31		192		3.22		0.83		2.92		3.17		3.48		3.33						C31		AMR 5.90		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.22		0.83		0.12		22.14						C12		G.726(32k)		3.45		0.87		C33		AMR 5.90		2.44		0.8		0.51		0.14		failed		0.17		failed																																														24		3.5212414151

				C32		192		3.32		0.87		2.94		3.27		3.46		3.6						C32		AMR 5.90		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.32		0.87		0.12		22.70						C12		G.726(32k)		3.45		0.87		C39		G.729		2.57		0.81		0.38		0.14		failed		0.17		failed																																														25		3.6471003668

				C33		192		2.44		0.8		2.21		2.17		2.85		2.52						C33		AMR 5.90		BER 1e-3, 3km/h, 2-link		Normal		4		192		2.44		0.80		0.11		18.50						C12		G.726(32k)		3.45		0.87		C45		EVRC		2.59		0.84		0.36		0.14		failed		0.17		failed																																														26		3.7494106076

				C34		192		2.51		0.8		2.25		2.65		2.4		2.73						C34		AMR 5.90		BER 1e-3, 120km/h, 2-link		Normal		4		192		2.51		0.80		0.11		18.81																																																																												27		3.8309667632

				C35		192		2.87		0.88		2.35		2.83		3.21		3.08						C35		AMR 5.90		FER 3e-2, 3km/h, 1-link		Normal		4		192		2.87		0.88		0.13		20.42																																																																												28		3.8949707995

				C36		192		2.84		0.85		2.23		2.65		3.08		3.4						C36		AMR 5.90		FER 3e-2, 120km/h, 1-link		Normal		4		192		2.84		0.85		0.12		20.28						Condition:				BER 1e-3,120km/h, 2-linkCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																										BER 1e-3, 120km, 1-link																																								29		3.944586908

				C37		192		3.33		0.92		3.08		3.54		3.19		3.5						C37		G.729		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.33		0.92		0.13		22.76						Requirement:				Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under error free - 0.5 MOS.CCCCC																										CODEC		MOS																																						30		3.9826844021

				C38		192		3.38		0.81		3.13		3.48		3.35		3.54						C38		G.729		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.38		0.81		0.12		23.06						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCcCCCCCCC										1-tailed				2-tailed								G.726(32k)		3.45																																						31		4.0117237246

				C39		192		2.57		0.81		2.31		2.6		2.52		2.85						C39		G.729		BER 1e-3, 3km/h, 2-link		Normal		4		192		2.57		0.81		0.12		19.08						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						AMR 12.2		3.22																																						32		4.0337351289

				C40		192		2.79		0.81		2.65		2.65		2.85		3						C40		G.729		BER 1e-3, 120km/h, 2-link		Normal		4		192		2.79		0.81		0.12		20.05						C12		G.726(32k)		3.45		0.87		C16		AMR 12.2		3.28		0.83		-0.33		0.14		passed		0.17		passed						AMR 7.95		2.84																																						33		4.0503488448

				C41		192		3.1		0.92		2.88		3		3.08		3.44						C41		G.729		FER 3e-2, 3km/h, 1-link		Normal		4		192		3.10		0.92		0.13		21.52						C12		G.726(32k)		3.45		0.87		C22		AMR 7.95		2.79		0.9		0.16		0.15		failed		0.18		passed						AMR 7.40		2.79																																						34		4.0628484012

				C42		192		3.18		0.78		3.1		3.04		3.27		3.29						C42		G.729		FER 3e-2, 120km/h, 1-link		Normal		4		192		3.18		0.78		0.11		21.93						C12		G.726(32k)		3.45		0.87		C28		AMR 7.40		2.87		0.87		0.08		0.15		passed		0.17		passed						AMR 5.90		2.44																																						35		4.0722299667

				C43		192		3.36		0.88		3.23		3.44		3.33		3.46						C43		EVRC		BER 1e-3, 3km/h, 1-link		Normal		4		192		3.36		0.88		0.13		22.94						C12		G.726(32k)		3.45		0.87		C34		AMR 5.90		2.51		0.8		0.44		0.14		failed		0.17		failed						G.729		2.57																																						36		4.0792585838

				C44		192		3.59		0.83		3.6		3.58		3.56		3.63						C44		EVRC		BER 1e-3, 120km/h, 1-link		Normal		4		192		3.59		0.83		0.12		24.52						C12		G.726(32k)		3.45		0.87		C40		G.729		2.79		0.81		0.16		0.14		failed		0.17		passed						EVRC		2.59																																						37		4.0845172468

				C45		192		2.59		0.84		2.56		2.6		2.65		2.56						C45		EVRC		BER 1e-3, 3km/h, 2-link		Normal		4		192		2.59		0.84		0.12		19.16						C12		G.726(32k)		3.45		0.87		C46		EVRC		2.69		0.9		0.26		0.15		failed		0.18		failed																																														38		4.088447676

				C46		192		2.69		0.9		2.65		2.35		2.83		2.92						C46		EVRC		BER 1e-3, 120km/h, 2-link		Normal		4		192		2.69		0.90		0.13		19.61																																																																												39		4.0913831285

				C47		192		2.91		0.83		2.44		2.96		3.31		2.94						C47		EVRC		FER 3e-2, 3km/h, 1-link		Normal		4		192		2.91		0.83		0.12		20.60																																																																												40		4.0935742378

				C48		192		3.09		0.86		3.08		3.23		3.08		2.98						C48		EVRC		FER 3e-2, 120km/h, 1-link		Normal		4		192		3.09		0.86		0.12		21.47																																																																												41		4.0952090552

																																																																																																																						42		4.0964284305

																																																																																																																						43		4.0973377222

																																																																																																																						44		4.0980156647

																																																																																																																						45		4.0985210535

																																																																																																																						46		4.0988977712

																																																																														BER 1e-3, 120km, 1-link																																								47		4.0991785568

																																																																														CODEC		MOS																																						48		4.0993878282

																																																																														G.726(32k)		3.45																																						49		4.0995437934

																																																																														AMR 12.2		3.28																																						50		4.0996600272

																																																																														AMR 7.95		2.79

																																																																														AMR 7.40		2.87

																																																																														AMR 5.90		2.51

																																																																														G.729		2.79

																																																																														EVRC		2.69
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																																								Listening Test Results of ARIB Mandatory Speech Codec

																																								Experiment 4: Talker Dependency

																																																																Pair-wise Comparison																																																				MOS-Q curve

																																								Table 2: Test Result of Experiment 4 (DCR)

																																								Condition
Code		CODEC		Condition		Input Level		Sample		Vote																																												Graphs																						A		22.13

				C01		576		1.04		0.21		1.04		1.02		1		1.02		1		1.06		1.04		1.06		1		1.06		1.15		1.06						C01		MNRU		6 dBQ		Normal		4		576		1.04		0.21		0.02		-0.49						Condition:				Talker Dependency CCCCCCCCCCCCCCCCCCCDDDDDDDDDDDDDDDCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC																																																B		3.83

				C02		576		1.39		0.59		1.27		1.23		1.31		1.13		1.31		1.29		1.27		1.79		1.48		1.42		1.52		1.69						C02		MNRU		12 dBQ		Normal		4		576		1.39		0.59		0.05		13.62						Requirement:				(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)CCC																										Clean																						M		4.68

				C03		576		2.33		0.82		2.25		1.98		1.83		2.15		2.21		2.02		2.63		2.77		2.29		2.6		2.48		2.73						C03		MNRU		18 dBQ		Normal		4		576		2.33		0.82		0.07		19.81						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCC										1-tailed				2-tailed								CODEC		DMOS																				D		1.03

				C04		576		2.46		0.85		2.31		2.65		2.19		1.98		2.23		2.35		2.71		2.69		2.48		2.52		2.58		2.81						C04		MNRU		24 dBQ		Normal		4		576		2.46		0.85		0.07		20.39						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						G.726(32k)		3.97

				C05		576		4.36		0.75		4.69		4.44		3.96		4		4.5		4		4.71		4.6		4.21		4.1		4.71		4.38						C05		MNRU		30 dBQ		Normal		4		576		4.36		0.75		0.06		30.76						C09		G.726(32k)		3.97		0.83		C11		AMR 12.2		4.45		0.68		-0.48		0.07		passed		0.09		passed						G.728		4.1

				C06		576		4.67		0.58		4.79		4.79		4.69		4.88		4.63		4.52		4.67		4.52		4.75		4.5		4.79		4.52						C06		MNRU		36 dBQ		Normal		4		576		4.67		0.58		0.05		39.41						C09		G.726(32k)		3.97		0.83		C12		AMR 7.95		4.14		0.81		-0.17		0.08		passed		0.09		passed						AMR 12.2		4.45

				C07		576		4.65		0.56		4.69		4.77		4.79		4.71		4.58		4.56		4.81		4.48		4.52		4.44		4.79		4.6						C07		MNRU		42 dBQ		Normal		4		576		4.65		0.56		0.05		37.83						C09		G.726(32k)		3.97		0.83		C13		AMR 7.40		4.08		0.84		-0.11		0.08		passed		0.10		passed						AMR 7.95		4.14																				0		1.0413533203		6		1.04

				C08		576		4.73		0.51		4.85		4.85		4.75		4.79		4.73		4.77		4.79		4.5		4.75		4.33		4.96		4.69						C08		Uniform-PCM		-		Normal		4		576		4.73		0.51		0.04		-						C09		G.726(32k)		3.97		0.83		C14		AMR 5.90		3.88		0.90		0.09		0.08		failed		0.10		passed						AMR 7.40		4.08																				1		1.0447270627		12		1.39

				C09		576		3.97		0.83		3.5		4.31		4.1		4.04		4.1		3.69		3.67		4.35		3.94		3.88		4.04		4.06						C09		G.726(32k)		Talker Dependency		Normal		4		576		3.97		0.83		0.07		27.41						C09		G.726(32k)		3.97		0.83		C15		G.729		4.09		0.82		-0.12		0.08		passed		0.10		passed						AMR 5.90		3.88																				2		1.0490981245		18		2.33

				C10		576		4.1		0.79		4.25		4.25		4.08		3.79		4.25		3.92		4.38		4.29		4.1		3.96		4.02		3.85						C10		G.728		Talker Dependency		Normal		4		576		4.10		0.79		0.07		28.32						C09		G.726(32k)		3.97		0.83		C16		EVRC		4.11		0.85		-0.14		0.08		passed		0.10		passed						G.729		4.09																				3		1.0547577748		24		2.46

				C11		576		4.45		0.68		4.6		4.44		4.17		4.35		4.52		4.46		4.58		4.38		4.42		4.44		4.63		4.44						C11		AMR 12.2		Talker Dependency		Normal		4		576		4.45		0.68		0.06		32.00																																				EVRC		4.11																				4		1.062079942		30		4.36

				C12		576		4.14		0.81		4.23		4.21		4.04		3.9		3.98		4.02		4.15		4.31		4.48		3.75		4.4		4.27						C12		AMR 7.95		Talker Dependency		Normal		4		576		4.14		0.81		0.07		28.63																																																										5		1.0715430443		36		4.67

				C13		576		4.08		0.84		4.23		3.73		3.9		3.88		3.85		3.96		4.19		4.25		4.35		3.9		4.4		4.33						C13		AMR 7.40		Talker Dependency		Normal		4		576		4.08		0.84		0.07		28.17																																																										6		1.0837564842		42		4.65

				C14		576		3.88		0.9		3.75		3.81		3.31		3.79		3.56		3.98		3.79		4.13		4.33		3.69		4.38		4						C14		AMR 5.90		Talker Dependency		Normal		4		576		3.88		0.90		0.07		26.85																																																										7		1.0994920326

				C15		576		4.09		0.82		4.19		4.31		3.85		4.06		3.67		4.17		4.13		4.15		4.29		3.79		4.13		4.35						C15		G.729		Talker Dependency		Normal		4		576		4.09		0.82		0.07		28.24																																																										8		1.1197197132

				C16		576		4.11		0.85		4.19		3.98		3.73		4.17		3.9		4.02		4.21		4.31		4.19		4		4.25		4.4						C16		EVRC		Talker Dependency		Normal		4		576		4.11		0.85		0.07		28.39																																																										9		1.1456466582

																																																																																																																				10		1.1787554702

																																																																																																																				11		1.2208356024

																																																																																																																				12		1.2739969111

																																																																																																																				13		1.3406489304

																																																																																																																				14		1.4234233876

																																																																																																																				15		1.5250132839

																																																																																																																				16		1.6479038092

																																																																																																																				17		1.7939846938

																																																																																																																				18		1.9640663274

																																																																																																																				19		2.1573733922

																																																																																																																				20		2.3711467017

																																																																																																																				21		2.600515978

																																																																																																																				22		2.8387758437

																																																																																																																				23		3.0780877325

																																																																																																																				24		3.3104748192

																																																																																																																				25		3.5288541486

																																																																																																																				26		3.7278337791

																																																																																																																				27		3.9041033199

																																																																																																																				28		4.056401906

																																																																																																																				29		4.1851746914

																																																																																																																				30		4.2920800023

																																																																																																																				31		4.3794901307

																																																																																																																				32		4.4500747263

																																																																																																																				33		4.5065009208

																																																																																																																				34		4.5512463587

																																																																																																																				35		4.5865026589

																																																																																																																				36		4.6141423228

																																																																																																																				37		4.6357252045

																																																																																																																				38		4.6525265065

																																																																																																																				39		4.6655741025

																																																																																																																				40		4.6756876979

																																																																																																																				41		4.6835156965

																																																																																																																				42		4.6895678267

																																																																																																																				43		4.6942429032

																																																																																																																				44		4.6978518284

																																																																																																																				45		4.7006362961

																																																																																																																				46		4.7027837949

																																																																																																																				47		4.7044395263

																																																																																																																				48		4.7057157994

																																																																																																																				49		4.7066993978

																																																																																																																				50		4.7074573307
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																								Listening Test Results of ARIB Mandatory Speech Codec

																								Experiment 5: Music on Hold

																																														Pair-wise Comparison

																								Table 2: Test Result of Experiment 5 (ACR)																																																				Graphs																				MOS-Q curve

				Table 1: Raw Data																				Condition
Code		CODEC		Condition		Input Level		Sample		Vote												Condition:				Music on Hold CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

																																														Requirement:				(Quality shall be equivalent to or better than that of G.726 at 32 kbit/s  under same condition.)CCC																										Music on Hold																				A		17.06

				C01		192		1.14		0.45		1.15		1.13		1.13		1.17						C01		MNRU		6 dBQ		Normal		4		192		1.14		0.45		0.06						referenceCCCCCCCCCCCCCCCCC								CuTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC										1-tailedCCCCCCCCCCC				2-tailedCCCCCCCCCCCc								CODEC		MOS																		B		4.91

				C02		192		1.93		0.77		1.9		2.02		1.85		1.94						C02		MNRU		12 dBQ		Normal		4		192		1.93		0.77		0.11						Code		CODEC						Code		CODEC								MSD		Requirement		MSD		Requirement						G.726(32k)		3.82																		M		4.05

				C03		192		3.2		0.93		3.29		3.04		3.31		3.17						C03		MNRU		18 dBQ		Normal		4		192		3.20		0.93		0.13						C09		G.726(32k)		3.82		0.82		C11		AMR 12.2		3.18		0.81		0.64		0.14		failed		0.16		failed						G.728		3.7																		D		1.12

				C04		192		3.24		0.94		3.25		2.92		3.6		3.21						C04		MNRU		24 dBQ		Normal		4		192		3.24		0.94		0.13						C09		G.726(32k)		3.82		0.82		C12		AMR 7.95		2.46		0.81		1.36		0.14		failed		0.16		failed						AMR 12.2		3.18

				C05		192		3.97		0.84		4.19		3.77		4.25		3.69						C05		MNRU		30 dBQ		Normal		4		192		3.97		0.84		0.12						C09		G.726(32k)		3.82		0.82		C13		AMR 7.40		2.43		0.83		1.39		0.14		failed		0.17		failed						AMR 7.95		2.46

				C06		192		3.99		0.85		4.21		3.77		4.29		3.71						C06		MNRU		36 dBQ		Normal		4		192		3.99		0.85		0.12						C09		G.726(32k)		3.82		0.82		C14		AMR 5.90		1.96		0.86		1.86		0.14		failed		0.17		failed						AMR 7.40		2.43

				C07		192		4.04		0.84		4.38		3.92		4.33		3.52						C07		MNRU		42 dBQ		Normal		4		192		4.04		0.84		0.12						C09		G.726(32k)		3.82		0.82		C15		G.729		2.34		0.84		1.48		0.14		failed		0.17		failed						AMR 5.90		1.96																		0		1.2116382872		6		1.14

				C08		192		4.05		0.82		4.19		3.94		4.15		3.92						C08		Uniform-PCM		Music on Hold		Normal		4		192		4.05		0.82		0.12						C09		G.726(32k)		3.82		0.82		C16		EVRC		2.01		0.87		1.81		0.14		failed		0.17		failed						G.729		2.34																		1		1.2315810443		12		1.93

				C09		192		3.82		0.82		3.81		3.69		4.1		3.69						C09		G.726(32k)		Music on Hold		Normal		4		192		3.82		0.82		0.12																																				EVRC		2.01																		2		1.2556648127		18		3.20

				C10		192		3.7		0.81		3.85		3.56		3.88		3.5						C10		G.728		Music on Hold		Normal		4		192		3.70		0.81		0.12																																																								3		1.2846555595		24		3.24

				C11		192		3.18		0.81		3.58		2.98		3.31		2.85						C11		AMR 12.2		Music on Hold		Normal		4		192		3.18		0.81		0.12																																																								4		1.3194175412		30		3.97

				C12		192		2.46		0.81		2.73		1.98		2.77		2.38						C12		AMR 7.95		Music on Hold		Normal		4		192		2.46		0.81		0.12																																																								5		1.3609057031		36		3.99

				C13		192		2.43		0.83		2.67		2.06		2.63		2.35						C13		AMR 7.40		Music on Hold		Normal		4		192		2.43		0.83		0.12																																																								6		1.4101467848		42		4.04

				C14		192		1.96		0.86		2.38		1.63		2.17		1.67						C14		AMR 5.90		Music on Hold		Normal		4		192		1.96		0.86		0.12																																																								7		1.4682051302

				C15		192		2.34		0.84		2.67		1.94		2.58		2.19						C15		G.729		Music on Hold		Normal		4		192		2.34		0.84		0.12																																																								8		1.536129269

				C16		192		2.01		0.87		2.31		1.5		2.5		1.71						C16		EVRC		Music on Hold		Normal		4		192		2.01		0.87		0.12																																																								9		1.6148763922

																																																																																																10		1.7052143789

																																																																																																11		1.8076054169

																																																																																																12		1.9220814019

																																																																																																13		2.0481282791

																																																																																																14		2.1846023152

																																																																																																15		2.3297031182

																																																																																																16		2.4810233394

																																																																																																17		2.635682397

																																																																																																18		2.7905333657

																																																																																																19		2.9424137504

																																																																																																20		3.0883988834

																																																																																																21		3.226015947

																																																																																																22		3.3533874376

																																																																																																23		3.4692908853

																																																																																																24		3.5731402014

																																																																																																25		3.6649074752

																																																																																																26		3.7450098484

																																																																																																27		3.8141849452

																																																																																																28		3.8733728337

																																																																																																29		3.9236155237

																																																																																																30		3.9659786976

																																																																																																31		4.0014957573

																																																																																																32		4.0311315243

																																																																																																33		4.0557617265

																																																																																																34		4.076164241

																																																																																																35		4.0930184931

																																																																																																36		4.1069100865

																																																																																																37		4.1183384512

																																																																																																38		4.1277259347

																																																																																																39		4.1354272761

																																																																																																40		4.141738797

																																																																																																41		4.1469069245

																																																																																																42		4.1511358563

																																																																																																43		4.1545943042

																																																																																																44		4.1574213306

																																																																																																45		4.1597313382

																																																																																																46		4.1616182955

																																																																																																47		4.163159288

																																																																																																48		4.1644174861

																																																																																																49		4.1654446128

																																																																																																50		4.1662829892
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				Over all pair-wise compalison results using 2-tailed t-test

				CODEC		Experiment 1CCCCCCCCCCCCCCCCCCCCCC								Experiment 2CCCCCCCCCCCCCCCCCCCCCCCC								Experiment 3CCCCCCCCCCCCCCCCCCCCCCCC								Exp.4		Exp.5		Total Passed/Failed

						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

				AMR 12.2		passed		passed		passed		passed		failed		passed		passed		passed		passed		passed		passed		passed		passed		failed		11/3

				AMR 7.95		passed		passed		passed		passed		failed		failed		failed		passed		passed		passed		passed		passed		passed		failed		11/3

				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






