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1	Introduction
The EVS audio codec was introduced in 3GPP Rel-13 in
1. terminal equipment: 26.114 ("EVS capable MTSI clients") and
2. network equipment: all H.248 gateway types (see H.248 profiles for Iq, Ix, Mn, Mc and Mp).
Support by gateway equipment was/is motivated by the potential high-level scenario of "support transcoding to and from the EVS speech codec" (23.334). However, a low-level evaluation is still missing with regards the explicit and detailed indication of finally required cases with "EVS transcoding".
It seems to be beneficial to provide more information on such kind of media interworking support by H.248 gateways.
The EVS codec discussion is different than all previously supported audio codecs due to its build-in backward compatibility with AMR. Leading basically to an audio fallback option in end-to-end negotiations, i.e., similar behaviour as already known from the video codec space ("H.263 as common denominator from e2e perspective"). There are two levels of fallback:
· If “WB” then “EVS AMR-WB I/O mode”.
· If “NB” then MTSI-supported AMR-NB selection (because there isn’t any EVS interoperability in the NB range).
It looks like that the very majority of "EVS-to-non-EVS" calls could be resolved during the end-to-end codec negotiation phase towards a gateway configuration which doesn't need to provide a local EVS endpoint ("in terms of EVS encoder/decoder resources"). Thus, the final portion of real EVS transcoding cases might be rather low.
2	Evaluation of use cases with standard compliant user equipment
2.1	Evaluation framework
3GPP TR 22.813, Annex A, provides an overview of the main use case categories: 
1. High quality audio conferencing over heterogeneous networks and with different terminals  
2. Two-party communication  
3. Interoperability with "pre-Rel-EVS" 3GPP systems  
4. Mobility scenarios  
5. Call Hold and (Explicit) Call transfer  
6. Voice-mail service  
7. Access to network media server content  
8. Music on hold 
In order to simplify the number of combinations with regards to "use cases versus H.248 gateway types", we'd like to firstly focus on scenarios which lead to an (IP, IP) connection model in H.248 gateways. The following scenarios provide such a scope by consideration of the IMS-AGW, ATGW and TrGW.
A "standard compliant user equipment" is equated with a terminal-embedded MTSI client according to (at least) 26.114 V13.2.0. Such an endpoint is required to provide full support for EVS, AMR-WB and AMR-NB (detailed codec support requirements are given by clause 5.2.1/26.114).
Following codec types are firstly considered concerning the discussion of gateway interworking: EVS, AMR and Other.
The worst case (from perspective of negotiating media configurations) is a call originating from an EVS-capable UE.[footnoteRef:1] There will be consequently three network scenarios: "EVS-to-EVS", "EVS-to-AMR" and "EVS-to-Other". [1:  	Because the likelihood for final "EVS transcoding" is estimated very, very low for calls originating from a non-EVS supportive UE.] 

[bookmark: _GoBack]
2.2	Point-to-point call #1: "EVS to EVS UE configuration" => "end-to-end EVS call"
Figure 1 provides an abstracted end-to-end model with scope on user and gateway equipment:


Figure 1: Point-to-point call #1 "EVS to EVS UE configuration" => "end-to-end EVS call"
It is supposed that the SIP B2BUA function provides SDP offer/answer negotiation capabilities which allows to support at least following media (codec) policies: "maximizes the audio (speech) quality" (from user perspective), "minimize transcoding" (due to quality & cost reasons), besides other policies.
Observations from scenario #1:
· end-to-end negotiated codec configuration: "EVS-to-EVS"
· interworking function in H.248 MG: (RTP) transparent forwarding (TF)
NOTE – Any detailed discussion concerning a further characterization of the MG IWF is beyond the scope of this document. Here, "transparent forwarding" belongs to the so-called category of "media-agnostic" modes, which could result finally in either
· transcoding-free mode ("a (media) transcoder with a disabled media transcoding function. (The resource is allocated for media transcoding hence not available for other purposes (even if not used))."); or
· transcoder free mode ("a (media) translator without any resource consumption related to media transcoding.")
from perspective of gateway resources.
Thus, scenario #1 doesn't need support for EVS transcoding from H.248 gateway perspective.
2.3	Point-to-point call #2: "EVS to AMR UE configuration" => "end-to-end AMR call"
Figure 2 provides an abstracted end-to-end model with scope on user and gateway equipment:


Figure 2: Point-to-point call #2  "EVS to AMR UE configuration" => "end-to-end AMR call "
It is supposed that the EVS terminal will not insist on audio bandwidths above the wideband, i.e., EVS SWB and EVS FB will not be transcoded down to AMR-WB or even AMR-NB. It is rather expected that the audio bandwidth will be aligned between both endpoints.
Observations from scenario #2:
· end-to-end negotiated codec configuration: "AMR-to-AMR" (AMR-WB or AMR-NB
· interworking function in H.248 MG: (RTP) transparent forwarding (TF)
Thus, scenario #2 doesn't need support for EVS transcoding from H.248 gateway perspective.

2.4	Point-to-point call #3: "EVS to Other UE configuration" => "AMR-to-Other transcoding call"
Figure 3 provides an abstracted end-to-end model with scope on user and gateway equipment:


Figure 3: Point-to-point call #3  "EVS to Other UE configuration" => "AMR-to-Other transcoding call"
It is supposed that the EVS terminal will not insist on audio bandwidths above the wideband, i.e., EVS SWB and EVS FB due to the assumption that the "Other codec type" is most likely a WB- or NB-capable codec type for present communication network solutions. Of course, this assumption may change in future when more SBW- or/and FB-capable codec types might be available.
Consequently, the SIP B2BUA is expected to negotiate EVS down to AMR-WB or AMR-NB, given the fact that the considered 3GPP H.248 media gateways should already provide support for "transcoding AMR".
Observations from scenario #3:
· end-to-end negotiated codec configuration: "AMR-to-Other" (AMR-WB or AMR-NB
· interworking function in H.248 MG: AMR-to-Other transcoding (TC_AMR)
Thus, scenario #3 doesn't need support for EVS transcoding from H.248 gateway perspective.

2.5	Point-to-point call #4: "AMR to Other UE configuration" => "AMR-to-Other transcoding call"
This is a non-EVS scenario, just listed for completeness. Figure 4 recalls that model:


Figure 4: Point-to-point call #4 "AMR to Other UE configuration" => "AMR-to-Other transcoding call"

2.6	Conclusions
EVS-based audio communication services could be introduced in networks, but there isn't necessarily a straightforward case with demand for EVS transcoding in H.248 media gateway equipment. Support of Single Radio Voice Call Continuity (SRVCC) by the ATGW (and CS-MGW) looks like the only potential “EVS transcoding” candidate as currently evaluated by SA4 in 26.916.

3	Evaluation of 22.813 use cases in more detail
Figure 5 provides a more detailed analysis of all eight 22.813 use cases versus 3GPP H.248 media gateway types. We've outlined above that an "EVS-to-Other" terminal configuration could be most likely resolved to an "AMR-to-Other" transcoding gateway configuration. However, the table provides already rows for "EVS-to-Other" transcoding gateway configurations, but their justification is still missing in our understanding. 
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Figure 5: 3GPP 22.813 EVS use cases versus 3GPP H.248 media gateway types

4	Evaluation of use cases for proprietary user equipment
The notion of "proprietary user equipment" is equated here with an endpoint supporting 
1. AMR-WB interoperable modes,
2. but only a subset of EVS primary modes, 
hence actually not compliant against 26.114.
The notion of "EVS*" is used to tag such an endpoint. The worst case would be then an "EVS* to EVS*" with two disjoint EVS media configurations (let's say EVS_a and EVS_b).
Figure 6 provides a high level analysis with focus on IMS-AGW / TrGW only.
Three scenarios are considered:
· call finally resolved as "EVS-to-EVS" in case of a common EVS media configuration ("there's a common set between EVS_a and EVS_b ");
· call finally resolved as "EVS-to-EVS*" in case of disjoint EVS media configurations; or
· call finally resolved as "AMR-to-AMR", i.e., fallback to AMR IO modes because supported by both and in order to avoid EVS transcoding.
It is obvious that only the second case would demand for EVS transcoding support, however, such a use case still lacks justification ("what's the actual benefit?").
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Figure 6: 3GPP 22.813 EVS use cases versus 3GPP H.248 media gateway types


5	Summary
Support for EVS transcoding by 3GPP H.248 gateway equipment seems to be required only for a small number of calls (if at all for some gateway types), but apparently not for the very majority of end-to-end calls with EVS audio.
All 3GPP H.248 profiles are actually already prepared for support of EVS transcoding, by tagging that feature as an optional capability in the stage 2 & 3 H.248 profile specifications.
The only potential use case so far might come arround SRVCC support, which might demand then support for EVS transcoding by the ATGW or/and CS-MGW, as currently elaborated by SA4 in 26.916. 
The document does not request any action from CT4.
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Use case analysis from H.248 Media Gateway perspective:

IMS-AGW ATGW TrGW CS-TrGWIM-MGW CS-MGW MRFP Comments

(before negotiation) (after negotiation) Iq Iq|Ix Ix (CS-)Ix Mn Mc Mp

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. TC_EVS n.a. n.a. n.a. TC_EVS n.a. UC as part of SRVCC (26.916)

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

1:EVS-to-EVS 1:EVS-to-EVS TF TF TF n.a. n.a. n.a. TF UC OK

2:EVS-to-AMR 5:AMR-to-AMR TF TF TF n.a. n.a. TF TF UC OK

3:EVS-to-Other 6:AMR-to-Other TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMR TC_AMRUC OK

3:EVS-to-Other 3:EVS-to-Other n.a. n.a. n.a. n.a. n.a. n.a. n.a. UC not yet requested

Legend:

AMR = AMR-WB | AMR-NB

TF = (RTP) Transparent Forwarding

TC = Transcoding

n.a. = not applicable (because circuit-switched networks doesn't support EVS nor AMR, or 3G-CS UE does support AMR only, but not EVS)
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Use case analysis from H.248 Media Gateway perspective:

IMS-AGW ATGW TrGW CS-TrGWIM-MGW CS-MGW MRFP Comments

(before negotiation) (after negotiation) Iq Iq|Ix Ix (CS-)Ix Mn Mc Mp

4:EVS-to-EVS* 1:EVS-to-EVS TF TF UC OK (common EVS congiruation)

4:EVS-to-EVS* 4:EVS-to-EVS* TC_EVS TC_EVS realistic UC? ("two endpoints with EVS subset implementations AND disjoint EVS subsets")

4:EVS-to-EVS* 5:AMR-to-AMR TF TF UC OK

Legend:

AMR = AMR-WB | AMR-NB

TF = (RTP) Transparent Forwarding

TC = Transcoding

n.a. = not applicable (because circuit-switched networks doesn't support EVS nor AMR, or 3G-CS UE does support AMR only, but not EVS)
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