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1 Summary

The Codec descriptions delivered as part of the EVS Codec Qualification Exercise highlighted the fact that the Codec Candidates qualified for the Selection exercise span a range of algorithmic delays and support different features. 
This document discusses the implications of codec algorithmic delay on the UE end-to-end delay requirements, particularly for wideband services, and concludes that the EVS Selection Phase must take the algorithmic delay of the Codec Candidates into account. The options of how to handle the algorithmic delay are discussed and the document proposes a method of incorporating the algorithmic delay of the Codec Candidate into the Figures of Merit (FoMs).
This document also proposes means to include the VBR and AMR-WB Interop features into the appropriate Figures of Merit (FoMs).
2 Discussion
The Codec Candidates that were qualified for the EVS Selection Phase span a range of algorithmic delays. These delays were detailed in the Codec descriptions delivered as part of the EVS Codec Qualification Exercise. The codecs also provided different features. Some of these features were recommended during the EVS ToR development phase and yet have been omitted by some codec proponents. The source believes that all of these issues need to be addressed as part of the selection process.
Although the EVS codec delay specification is 32ms, several of the qualified candidates have algorithmic delays lower than this. The shortest algorithmic delay is less than 30ms whereas the longest delay is almost 32ms.

It should be noted that all of the codecs are fully compliant with the Design Constraints, with regard to the algorithmic delay. However, it should also be recognized that there are some significant advantages for UE manufacturers if the selected EVS codec has a lower delay and especially if that delay matches the codec delay of AMR-WB. Therefore algorithmic delay needs to be considered during the Selection Phase.
As discussed extensively in recent meetings of SA4, UE end-to-end delays of a manufacturer’s terminals are required to not exceed a certain figure. In the case of UMTS circuit-switched AMR and AMR-WB operation the UE delay figure was recently set such that it shall in any case be ≤ 220ms and should be ≤ 185ms. Additionally a note was added…

NOTE: A delay ≤ 185 ms might not be achievable in some cases due to UE implementation trade-offs between delay and other parameters such as speech quality enhancement, performance of noise reduction or UE power consumption optimization, and UE implementation issues such as rebuffering between components.

Consider that a similar style of requirement is set for VoLTE services – a topic which is the subject of an approved WI and currently under study in the SQ subgroup of SA4. Noting that AMR and AMR-WB have different codec delays but a single figure was set for the UMTS circuit-switched delays, it seems very likely that although a limit may start out being applicable to just AMR-WB, but when EVS is completed, it will be applied equally to EVS wideband services too. It may also be applicable to all EVS services including NB and SWB.

In such a situation, if the EVS codec has a longer delay than AMR-WB, it will present problems to UE manufacturers who will naturally want to use common front and back end processing with the other 3GPP conversational codecs (AMR & AMR-WB) of the same bandwidth.
The algorithmic delay of AMR-WB is 25.9375ms which is 6.0625ms shorter than the EVS algorithmic delay requirement of 32ms and represents a significant difference in the available processing delays for speech enhancement and echo/noise suppression. 
It is therefore proposed that lower codec algorithmic delays must be favoured in the EVS codec Selection. 
The AMR-WB Interop mode was discussed at length in the ToR development phase and requirements and objectives were set for this feature. It features prominently in the EVS 3GPP TR 22.813 and it was also agreed that the feature will be tested during the Selection Phase. It therefore must feature in the Figures of Merit for the codecs in the Selection Phase.
Like the AMR-WB Interop mode, the VBR mode of operation was also discussed at length. Its status in EVS is that it is a “Recommended” feature which reflects its potential usefulness in future EVS deployments. It therefore must also feature in the Figures of Merit for the codecs in the Selection Phase.

3 Proposal
The source proposes that the list of secondary and tertiary Figures of Merit (FoMs 2 & 3) provided in Table 2 of the Qualification Rules Document EVS-5a should be modified to accommodate the additional features discussed above before being incorporated into EVS-5b – the Selection Rules Document.
As a second step it will be necessary to derive a mechanism to derive the overall FoM, FoM#1 from the other FoMs 2a, 2b, 2c, 3a & 3b. This derivation will be discussed in the following sections. 

3.1
Weighting the Algorithmic Delays

The source proposes the following modified weighting to apply to the Figures of Merit (FoM) derived from conversational subjective quality experiments, in order to reflect the EVS codec algorithmic delay. This would apply to FoMs 2a, 2b, 2c & 3a given in Table 2 before combination into FoM#1.
FoM’ = FoM * (1.0 - P * (DEVS – DAMR-WB) / (32.0 – DAMR-WB))

Where FoM is the Figure of Merit computed according to the Subjective Test Results prior to consideration of the algorithmic delay of the codec. P is a penalty which would be provided to an EVS codec candidate of delay, DEVS, if it had an algorithmic delay equal to the maximum allowable delay of EVS since it exceeds the algorithmic delay of AMR-WB, DAMR-WB. FoM’ is the weighted Figure of Merit after taking the algorithmic delay of the codec into account. The source considers that P = 0.3 would be an appropriate penalty. 

	Figure of Merit (FoM)
	Description 

	FoM#2a

Percentage of passes for NB/WB service
	FoM#2a is calculated on percentage of passed requirements across the two LLs within the test sets under NB/WB tests and their weighted average in NB/WB conditions using weights in Test Sets (Table 1).
…

	FoM#2b

Percentage of passes for SWB service
	FoM#2b is calculated on percentage of passed requirements across the two LLs within the test sets under SWB tests and their weighted average in SWB conditions using weights in Test Sets (Table 1).
…

	FoM#2c
Percentage of passes for the AMR-WB Interop service
	FoM#2c is calculated on percentage of passed requirements across the two LLs within the test sets under AMR-WB Interop tests.

	FoM#3a
Percentage of passes for the VBR NB/WB service
	FoM#3a is calculated on percentage of passed requirements across the two LLs within the test sets under VBR tests.

	FoM#3b
Algorithmic Delay 
	FoM#3b is a rank ordering of the candidates favouring lower algorithmic delays.


Table 1: Revised “Table 2” Showing list of Secondary and Tertiary Figures of Merit (FoMs)
Such a procedure could be readily applied by the Global Analysis Lab (GAL) without compromising the blinding procedure, provided that the actual FoM#3b figures are not reported directly in GAL Report #1. Executables would simply need to be accompanied by an algorithmic delay value at the time of submission. However, it is proposed that FoM#1 should include the effect of the weightings detailed above and this could be performed without any compromise to the blinding procedure.

3.2
VBR Proposal

The source proposes that a proportion of the overall scores originally provided to FoM #2a (NB/WB) at bit rates below 13.2 kb/s should be allocated to the VBR mode performance to reflect this recommended and desirable feature. The source believes that 10% of the FoM #2a allocation would be an appropriate figure.
As described above separate reporting of the FoM#3a will be difficult to do without compromising the blinding procedure however, it is proposed that FoM#1 should include the effect of the weightings as this would not compromise the blinding procedure.

4 Updated Test Sets and Figures of Merit Tables

The following represents text for inclusion in the Selection Rules Document EVS-5b. 
	WID objectives 
	Description
	Test Sets 
	Weight 

	1 
	Enhanced quality and coding efficiency for NB and WB speech services 
	NB and WB clean speech and speech under background noise quality requirements  
 
	(a) NB/WB clean and noisy speech (FER=0%)

at gross bit rates <13.2kbps with and without DTX and at 13.2kbps with DTX.
(b) NB/WB VBR clean & noisy speech (FER=0%).
	14.4%
1.6%

	
	
	
	(c) NB/WB clean and noisy speech (FER=0%)

at gross bit rates >13.2kbps with and without DTX and at 13.2 kbps without DTX
	8%

	2 
	Enhanced quality by the introduction of SWB speech 
	All SWB speech quality requirements – with and without DTX; clean speech and speech under background noise 
	SWB clean speech and speech under background noise with and without DTX  (FER= 0%) 
	24%

	3 
	Enhanced quality on mixed content and music in conversational applications 
	Quality requirements for music and mixed content cases capturing the situations and use cases where use of the 3GPP audio codecs would not be possible 
	(a) NB/WB mixed content and music (FER=0%) 
	8% 

	
	
	
	(b) SWB mixed content and music (FER=0%) 
	8%

	4 
	Robustness to packet loss and delay jitter 
	Quality requirements related to robustness to packet losses and delay jitter 
	(a) NB/WB clean/noisy speech (FER values >0%, MTSI delay-jitter profiles) at gross bit rates <13.2kbps with and without DTX

and at 13.2kbps with DTX.
(b) NB/WB VBR clean /noisy speech (FERvalues>0%).
	3.6%
0.4% 

	
	
	
	(c) NB/WB clean/noisy speech  (FER values >0%, MTSI delay-jitter profiles) at  gross bit rates >=13.2kbps without DTX 
	2% 

	
	
	
	(d) SWB clean/noisy speech (FER values >0%, MTSI delay-jitter profiles) 
	6% 

	
	
	
	(e) NB/WB (50%) and SWB(50%)  mixed content and music  (FER values >0%, MTSI delay-jitter profiles) 
	4% 

	5 
	Backward interoperability to AMR-WB 
	Quality requirements for the AMR-WB interoperable EVS codec mode 
	WB clean speech, noisy speech, mixed content and music (all tested FER values >0%, all MTSI delay-jitter profiles) 
	20% 

	Total 
	100% 


Table 2: Revised “Table 1” Showing the list of Test sets

	Figure of Merit (FoM)
	Description 

	FoM#1

Percentage of passes
	For each test set given in Table 1, compute the percentage of passed requirements across the two LLs.

Based on that, compute the overall percentage by weighted averaging the percentages over test sets. The weighting is according to Table 1, factoring in the delay penalty of the EVS candidate based upon delays greater than AMR-WB into FoM#2a, 2b, 2c & 3a.

	FoM#2a

Percentage of passes for NB/WB service
	FoM#2a is calculated on percentage of passed requirements across the two LLs within the test sets under NB/WB tests and their weighted average in NB/WB conditions using weights in Test Sets (Table 1).
For test sets 1a, 1b, 1c, 3a, 4a, 4b, 4c and the NB/WB conditions in 4e in Table 1, compute the percentage of passed requirements. Based on that, compute the overall percentage by weighted averaging the percentages over the aforementioned test sets. The weighting is according to Table 1, test set 4e counts as 2%.

	FoM#2b

Percentage of passes for SWB service
	FoM#2b is calculated on percentage of passed requirements across the two LLs within the test sets under SWB tests and their weighted average in SWB conditions using weights in Test Sets (Table 1).
For test sets 2, 3b, 4d, and the SWB conditions in 4e in Table 1, compute the percentage of passed requirements. Based on that, compute the overall percentage by weighted averaging the percentages over the aforementioned test sets. The weighting is according to Table 1, test set 4e counts as 2%.

	FoM#2c
Percentage of passes for the AMR-WB Interop service
	FoM#2c is calculated on percentage of passed requirements across the two LLs within the test sets under AMR-WB Interop tests.

	FoM#3a
Percentage of passes for the VBR NB/WB service
	FoM#3a is calculated on percentage of passed requirements across the two LLs within the test sets under VBR tests.

	FoM#3b
Algorithmic Delay 
	FoM#3b is a rank ordering of the candidates favouring lower algorithmic delays.


Table 3: Final Revised “Table 2” The List of Figures of Merit (FoMs)

Delay Penalty

FoM’ = FoM * (1.0 – P * (DEVS – DAMR-WB) / (32.0 – DAMR-WB))

Where FoM is the Figure of Merit computed according to the Subjective Test Results prior to consideration of the algorithmic delay of the codec. P is a penalty which would be provided to an EVS codec candidate of delay, DEVS, if it had an algorithmic delay equal to the maximum allowable delay of EVS since it exceeds the algorithmic delay of AMR-WB, DAMR-WB. FoM’ is the weighted Figure of Merit after taking the algorithmic delay of the codec into account, where P = 0.3.

5 Conclusion
The source proposes that the algorithmic delays & recommended features of EVS codec must be taken into account during the selection phase. A method based upon a weighting of the Figures of Merit is proposed favouring codecs which get closer to the algorithmic delay of AMR-WB and those providing the agreed desirable features.

