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Summary

3GPP SA4 is conducting subjective characterization studies on its recently standardized Adaptive Multi-Rate Wideband (AMR-WB) codec. These studies were divided in three Phases, Phase 1A, 1B and 2. Phase 1A addressed codec performance for error-free and GSM channels (Experiments 1 through 6), Phase 1B for 3G channels (Experiments 7 and 8), and Phase 2 will address codec performance for EDGE channels and packet environments. This document presents the final report of the host laboratory activities conducted by LMGT for Phases 1A and 1B. 

1. Introduction

Lockheed-Martin Global Telecommunications (LMGT) and ARCON Corporation were contracted to perform the host laboratory function for the AMR-WB Codec Characterization Phase 1, which comprised 8 main experiments, some of which divided into sub-experiments (for a total of 15 subjective experiments). Due to technical difficulties outside the control of the Listening and Host laboratories, the 3G error patterns necessary for the performance of main Experiments 7 and 8 (a total of five experiments) could not be made available to the host laboratories, hence 3GPP SA4 decided to split Phase 1 into Phase 1A and 1B. Phase 1A comprised of Experiments 1 through 6, and Phase 1B comprised Experiments 7 and 8. The responsibilities for the host laboratory activity were defined in the AMR-WB Characterization Subjective Test Plan [1] and in the AMR-WB Characterization Processing Test Plan [2].

In this contract, LMGT was responsible for performing the main processing of speech for eight subjective experiments, and to perform the crosscheck of the processing performed by the other independent host processing laboratory, ARCON Corporation, for seven experiments. This report replaces the Phase 1A report (S4-01-0319) with an account of both Phase 1A and 1B host laboratory activities performed by LMGT. Please see document S4‑01‑0550 [3] for a specific report on the crosschecking activities.

LMGT performed the Host Lab function in full compliance with [1] and [2]. LMGT also cooperated with ARCON to implement a set of processing crosscheck procedures [3], which were very useful for improving consistency of the processing performed by both host laboratories and for ensuring adherence to the test design by the 3GPP SA4 working group. The allocation of listening and host laboratories to experiments (among other details) is shown in Table 1.

2. Organization of work

The host laboratory activity was entirely performed in software. The activity was organized in three phases: pre-processing of the 16 kHz material received from the listening laboratories; processing of the pre-processed material through the various experiment conditions; and post-processing of the processed material. Before proceeding to the next phase and before deliverables were sent out, a crosscheck phase was successfully performed.

Table 1: 
Allocation of listening and host laboratories to experiments and some other details

	
	
	
	
	
	Host Lab
	Cross-check Lab

	Exp
	Noise
	Language
	Type
	Status
	LMGT
	ARCON
	LMGT
	ARCON

	1A
	Quiet
	En/Fi
	ACR
	Completed
	BT
	NO
	NO
	BT

	2A
	Quiet
	En/Fr
	ACR
	Completed
	LM
	FT
	FT
	LM

	3A
	Quiet
	En
	ACR
	Completed
	DY
	-
	-
	DY

	4A
	Ofc, Str, Car(15), Caf
	En
	DCR
	Completed
	NN
	-
	-
	NN

	5A
	Quiet
	Fr/Ge
	ACR
	Completed
	FT
	DT
	DT
	FT

	6A
	Car(15)
	En
	DCR
	Completed
	LM
	-
	-
	LM

	6B
	Ofc
	Fi
	DCR
	Completed
	-
	NO
	NO
	-

	7A
	Quiet
	Ge
	ACR
	Completed
	-
	DT
	DT
	-

	7B
	Quiet
	En
	ACR
	Completed
	BT
	-
	-
	BT

	8A
	Car(10)
	Ja
	DCR
	Completed
	NA
	-
	-
	NA

	8B
	Str
	Sp
	DCR
	Completed
	-
	DY
	DY
	-

	8C
	Caf
	En
	DCR
	Completed
	-
	AR
	AR
	-


	Legend:
	- Ofc: Office noise at 20 dB SNR; Str: Street noise at 15 dB SNR; Car(15): Static car noise at 15 dB SNR; 
Car(10): Static car noise at 10 dB SNR; Caf: cafeteria noise at 15 dB SNR;
- En: English; Fi: Finnish; Fr: French; Ge: German; Ja: Japanese; Sp: Spanish;
- AR(r): ARCON; British Telecom(b); Deutsche Telekom(d); DY(y): Dynastat; FT(f); LM(l): LMGT; NA(n): NTT-AT; NN(t): Nortel Networks; 
NO(k): Nokia.

	Note:
	- Experiment 3(A) is narrow-band and used GSM-weighting; all other experiments used P.341 weighting.


In the pre-processing phase, the speech material received from the listening laboratories was pre-processed: 

· Raw speech material (already weighted, as appropriate) delivered by the listening laboratories was screened for abnormalities, 

· Leading silence was appended and speech material was concatenated, and 

· Noise material was added to the speech in Experiments 4, 6, and 8. 

In the processing phase, the host laboratories were responsible for processing the pre-processed material through the reference and test conditions for each of the experiments.

In the post-processing phase, the processed material was further processed through final stages to produce media ready for use by the listening laboratories. In this exercise, this phase activity included only separation of the concatenated speech files and organization in the final delivery directory structure. After post-processing, speech was organized in different groups and CD-ROMs were cut and delivered to the listening laboratories. 

In the different phases, the work was organized as input data storage, script generation, speech processing, output data storage, and CD-ROM production (in the last phase). Data storage was performed on a Windows NT workstation, which also centralized script generation. Speech processing was also performed on a Windows NT workstation. CD-ROM production was performed in a Windows NT workstation using an 8x4x24 HP CD-Writer Plus recorder and Adaptec’s “Easy CD Creator” software version 3.5c for Phase 1A and Version 5.02 for Phase 1B.

The script generation procedure was based on a hierarchical approach described in [4], whereby processing steps were systematically generated from more abstract levels to the lower level of program calls, the latter being saved in files that could be run either from a Unix shell or as MS-DOS “batch” files. Scripting was divided in three groups, one for each host laboratory phase (pre-processing, processing, and post-processing). This approach allowed for very-well controlled script generation, at the expense of sub-optimum processing efficiency (i.e. processing time and intermediate data storage). The trade-off between efficiency and process integrity was balanced towards the latter. 

Processing in each phase consisted of two steps: crosschecking and main processing. Because of the organization of the unprocessed material, it was possible to generate the crosscheck material at the same time that the main processing material was produced, which was accomplished from within the same low-level scripts. This step ensured that the interpretation and implementation of the scripts (which were used for both processing phases) was consistent between the two host laboratories, and adherent to the test plans. The crosscheck hence allowed the elimination of any systematic and interpretation errors and ambiguities, and cleared the way for the main processing phase. 

3. Input Receivables

The initial materials received by LMGT are summarized in Table 2, together with an indication of problems identified. 

Regarding the source material, LMGT received source material from five external listening laboratories, British Telecom (Experiments 1A and 7B), Dynastat (Experiment 3A), Nortel Networks (Experiment 4A), France Télécom R&D (Experiment 5A), and NTT‑AT (Experiment 8A), and produced source material for Experiments 2A and 6A (in which LMGT also performed as listening laboratory under a separate contract with ETSI). The source speech was delivered to LMGT via Internet File Transfer Protocol (FTP) transfer. LMGT also had access to the source material for the listening laboratories under the responsibility of ARCON Corporation (Nokia for Experiments 1A and 6B, France Télécom R&D for Experiment 2A, Deutsche Telekom for Experiments 5A and 7A, Dynastat for Experiment 8B, and ARCON for Experiment 8C) to the extent necessary for the performance of the crosscheck activity. LMGT also provided ARCON with an equivalent subset of the speech database under its responsibility, for crosscheck purposes. In addition to the speech material, LMGT also received background noise files from ARCON, GSM GMSK error pattern files for Experiments 4, 5, and 6 from Nortel Networks, 3G uplink error patterns from Ericsson, and 3G downlink error patterns from Siemens. Two sets of 3G downlink error patterns were delivered; the second set was a replacement to the first set due to undesirable BER statistics. Since this was discovered after the host laboratories had already processed the speech material using the first set of EPs, a cool-off period was called for to allow the committee to ensure that the second set of EPs were actually final. The consequence was an additional delay in completing the host laboratory activity, in addition to the additional expense incurred by the host laboratories.

Nokia provided two AMR-WB executables under NDA for performance of the processing and crosscheck of the codec conditions. The first executable was used in Phase 1A and the other was used in Phase 1B. The two executables differed in that the second one orders bits in significance order for 3G channel condition simulations, while the first version does not. The second executable was delivered to the Host Laboratories after processing was completed and delivered for Experiments 7A (to DT by ARCON) and 8A (to NTT-AT by LMGT). The listening laboratories were told to discard the CD-ROM delivered and to wait for the second delivery. The consequence was  again a delay in completing the host laboratory activity, in addition to the additional expense incurred by the host laboratories.

4. Output Deliverables

Table 3 contains a summary regarding the processed material produced by LMGT. Delivery is the date of delivery from LMGT. 

LMGT deliverables included initially the raw source material to ARCON (for the crosscheck activity). These items were timely delivered to ARCON. 

The other important deliverable was the post-processed speech provided to the listening laboratories. In Phase 1A, the speech material delivered to the Listening Laboratories via CD-ROM before the defined deadline for Experiments 1 through 6. 

In Phase 1B, the speech material was first delivered to DT (7A) and to NTT-AT (8A), after which a bug was found in the way the AMR-WB executable was processing the 3G error patterns. Upon the request of the S4 Secretariat, these two experiments were regenerated and crosschecked with the new executable delivered by Nokia, and new CD-ROMs were again sent to the listening laboratories (in LMGT’s case, Exp.8A to NTT-AT). The processing and crosschecking of Experiments 7B, 8B, and 8C was delayed due to the late availability and subsequent replacement of the error patterns for 3G downlink scenarios, which caused these experiments to also being processed twice by the host laboratories.

Table 2: 
Receivables provided to LMGT as input for the host laboratory function

	Organization
	NDA?
	Media
	On time?
	Notes/Problems observed & corrected

	Executables(1)
	
	
	
	

	Nokia
	Yes
	Email
	Yes
	Windows NT executable. Executable replaced for Phase 1B after initial processing and delivery of Experiments 7A and 8A to the listening laboratories.

	Pre-processing phase
	
	
	
	

	British Telecom
	No
	FTP
	Yes
	One set for both experiments (1A and 7B)

	Dynastat (Exp.3A)
	No
	FTP
	Yes
	Clicks observed in some files( replaced.

	FT R&D (Exp.5A)
	No
	FTP
	Yes
	‑

	LMGT
	No
	FTP
	Yes
	One set for both experiments (2A and 6A)

	Nortel Networks
	No
	FTP
	Yes
	All files short by 592 samples(all replaced.

	NTT‑AT
	No
	FTP
	Yes
	Non-compliant file naming; Replaced short file f25.p341

	Crosscheck activity(2)
	
	
	
	

	ARCON (on behalf of the listening laboratories)
	No
	FTP
	Yes
	Files as necessary for crosscheck activity

	Other materials
	
	
	
	

	Error patterns 
	
	
	
	

	- Phase 1A (Nortel Networks)
	No
	Email
	Yes
	GSM GMSK for Experiments 4, 5, and 6

	- Phase 1B (Ericsson)
	No
	Email
	Yes
	Uplink 3G error patterns for Experiments 7 and 8

	- Phase 1B (Siemens)
	No
	Email 
	No(3)
	Downlink 3G error patterns for Experiments 7 and 8. Initial set replaced after initial processing due to undesirable BER figures.

	Noise files (ARCON)
	No
	FTP
	Yes
	Frequency response of the level equalized files is shown in Figure 1


Notes:

1) 
Nokia submitted two executables. The executable used in Phase 1A was dated 26/Mar/2001 (14:49), was 281,487 bytes long, and had a 32-bit CRC of E41F504A. The executable used in Phase 1B was dated 12/Sep/2001 (15:50), was 291,734 bytes long, and had a 32-bit CRC of A99A0D7B. 

2) 
Material exchanged with ARCON using PGP-encrypted ZIP files. Files from ARCON were deposited in ARCON’s FTP site. Files from LMGT were deposited in LMGT’s FTP site. Only files necessary for crosscheck activity were exchanged.

3)
First set of 3G Downlink EPs delivered late by Siemens. After processing by host laboratories using the first set of EPs, it was found out that the BER figures for these EPs was not appropriate and were replaced. An additional cool-off period was used to ensure that the second set was indeed appropriate, causing an additional delay in the completion of the host laboratory work.

Table 3: 
Deliverables provided by LMGT to the host and listening laboratory activities in Phase 1A.

	Organization
	Description
	Media
	Delivery
	Notes

	British Telecom (Exp.1A only)
	
	CD-ROM 
	05/Apr/01
	CD-ROMs mailed

	Dynastat (Exp.3A)
	Post-processed
	CD-ROM 
	05/Apr/01
	CD-ROMs mailed

	FT R&D (Exp.5A)
	speech
	CD-ROM 
	05/Apr/01
	CD-ROMs mailed

	LMGT
	(deadline: 20/Apr/01)
	CD-ROM 
	05/Apr/01
	‑

	Nortel Networks
	
	CD-ROM 
	05/Apr/01
	CD-ROMs mailed


Deliverables provided by LMGT to the host and listening laboratory activities in Phase 1B.

	Organization
	Description
	Media
	Delivery
	Notes

	NTT-AT
	Post-processed
	CD-ROM 
	04/Sep/01
	8A with original exec.

	
	speech
	CD-ROM
	19/Sep/01
	8A with replaced exec.

	British Telecom (Exp.8B only)
	(deadline: 20/Apr/01)
	CD-ROM 
	05/Apr/01
	CD-ROMs mailed


5. Conclusion

LMGT and ARCON were contracted to perform the host laboratory function for the AMR-WB Codec Characterization Phase 1. In this function, LMGT was contracted to perform the main processing of speech for eight subjective experiments, and to perform the crosscheck of the processing performed by the other independent host processing laboratory, ARCON Corporation, for seven experiments.

LMGT performed the main processing of speech for seven subjective experiments (on behalf of British Telecom, Dynastat, Nortel Networks, France Télécom R&D, LMGT, and NTT‑AT), and performed the crosscheck of the seven experiments processed by ARCON Corporation (for Nokia, France Télécom R&D, Deutsche Telekom, Dynastat, and ARCON). 

The source speech was delivered to LMGT via Internet File Transfer Protocol (FTP) transfer. LMGT also had access to the source material for the listening laboratories under the responsibility of ARCON Corporation to the extent necessary for the performance of the crosscheck activity. LMGT also provided ARCON with an equivalent subset of the speech database under its responsibility, for crosscheck purposes. In addition to the speech material, LMGT also received background noise files from ARCON, 3G uplink error patterns from Ericsson and 3G downlink error patterns from Siemens. Nokia provided the AMR-WB executables to the Host Laboratories for performance of the processing and crosscheck of the codec conditions.

The host laboratory activity was performed entirely in software. The activity was organized in three phases, pre-processing of the 16 kHz material received from the listening laboratories; processing of the pre-processed material through the various experiment conditions; and post-processing of the processed material. Before proceeding to succeeding phases, and before deliverables were sent out, a crosscheck phase was performed. Once again, implementation of the host laboratory function using commonly defined tools has shown to be a reliable, efficient, and cost-effective method for codec assessment activities. This is particularly true if compared to hardware host laboratory activities conducted in the past.

The crosscheck activity was completed with success after the independent generation of processed speech files by both laboratories for a sub-set of speech material as appropriate for each the experiment, as detailed in a separate report [3]. The crosscheck activity ensured that the processing procedures implemented by LMGT were consistent with ARCON’s and compliant to the AMR-WB Characterization Test design. It should be noted that the improved file naming convention for the pre-processed, processed and post-processed files provided adequate safety measures against misplaced speech material. The use of a pre-defined directory structure for crosscheck purposes and for exchange of data between the proponents and host laboratories proved to optimize the time spent in the different stages of the work.

CD-ROMs containing the post-processed speech for Experiments 1 through 6 were timely delivered to the listening laboratories via express mail during Phase 1A. In Phase 1B, delivery of the material was late due to the replacement of essential host laboratory receivables (codec executable and 3G downlink error patterns). All listening laboratories acknowledged receipt of the processed material in good condition.

While the host laboratory work for Phase 1A was very smooth, Phase 1B was plagued with delays due to the replacement in mid-course of the AMR-WB executable (due to a bug found in the way bits were ordered for 3G scenarios) and to the delay in initial availability and subsequent replacement of the error patterns for the 3G downlink scenarios. As a consequence, the host laboratories had to perform their functions three times (without additional compensation), and the overall program was delayed. This should be carefully factored when planning future testing activities.
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(a) Cafeteria Noise (15 dB SNR)
(b) Car Noise (15 dB SNR)
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(c) Office Noise (20 dB SNR)
(d) Street Noise (15 dB SNR)
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Figure 1: 
Frequency response of the P.341 weighted noise files used Experiments 4, 6 and 8 (Note: the plot for 10 dB SNR Car noise is a 5-dB shifted version from (b) above)
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