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1 
Introduction
TS 26.103 defines 3 Codec Configurations for UMTS_EVS, Set 2, Set 1 and Set 0, which are TrFO-compatible to each other: Set 2 includes Set 1 and Set 1 includes Set 0. 
However, the 4th Codec Configuration, UMTS_EVS (Set 3) is not compatible to these first three. As a consequence, although EVS (Set 1) and EVS (Set 3) require the same radio resources, transcoding is needed between them.
On the other hand, TS 26.454 defines in clause 7 rules for the "Determination of the local EVS encoding mode" in terminals. According to these rules, the UE shall obey for the encoding in UL direction the received DL EVS-CMR and especially the UE shall not use a smaller audio bandwidth, than commanded by this DL EVS-CMR.

This contribution shows, how UMTS_EVS (Set 1) can be used in the light of these rules to emulate UMTS_EVS (Set 3) fully.
2 
Call Setup in 3G<=>3G EVS calls

At call setup the originating UE (oUE) sends its oSupported Codec (type) List up to the originating MSC (oMSC), including the Codec Type "UMTS_EVS", but without any Codec Configuration. The oMSC adds the operator-defined EVS Configuration and sends the oSupported Codec List forward to the terminating MSC (tMSC). 

The tMSC pages the terminating UE (tUE) and gets the tSupported Codec (type) List from the tUE. The tMSC adds the operator-defined Configuration to the tSupported Codec List.
In the last step, the tMSC compares both Supported Codec Lists and selects the best common Codec as Selected Codec.

If this Codec Negotiation happens within one operator network, then oMSC and tMSC are typically (not necessarily) configured with the same EVS Configuration and the selection is trivial.
If the Codec Negotiation is between different operator networks, then the EVS Configuration in oMSC and tMSC may be different.

Any Codec Offer with EVS (Set x), with x either 2 or 1 or 0 may be answered by EVS (Set y), with y ≤ x as Selected Codec. TrFO is always possible with the best possible voice quality allowed by both MSCs. No other Codec-combination can offer a better result under these conditions. 

When running calls involving different operator networks, using sets 0...2 leads always to the best possible quality.
If the Codec Offer contains only EVS (Set 3), then the answer can only be EVS (Set 3) or EVS is not selected at all. The successful selection of EVS (Set 3) depends on both operators.

One potential escape for Inter-operator Codec Negotiation could be: include in the oSupported Codec List always EVS (Set x) in addition to EVS (Set 3). In CS Network, however, the size of the Supported Codec List is limited to maximal 8 Codecs and not in all networks it is feasible to add two EVS Codecs in the offer.

3 
Rate Control during the Call with EVS (Set 1)

The following figure shows such a voice path between two 3G-UEs.
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All nodes along the speech path received the same EVS (Set 1) Configuration at call setup. 

The GBR (Guaranteed Bit Rate) in both RNCs is set to 9.6 kps, because the operator(s) are interested to keep SWB quality in the call. 

The MGWs in the path are configured accordingly:
a) to not use EVS-VBR
b) to not use EVS-CA
c) to keep EVS-CMR = swb.

The UEs follow the rules defined in TS 26.454.

The Transport Plane between both UEs is setup as: EVS (br=5.9-13.2; bw=nb-swb).
The Application Plane within the MGWs is configured to use only EVS (br=9.6-13.2; bw=swb).

The speech flow is symmetrical in both directions, it is sufficient to discuss the rate and mode control for one direction, here speech flow from UE2 to UE1.
UE1 observes its DL1 radio link and its audio1 output channel, and decides, which EVS-CMR it wants to send in Uplink to get the best possible voice quality. If the DL radio channel is extremely bad, UE1 may be tempted to request EVS-CA (which still ensures SWB quality) or EVS-VBR or at least a low rate mode. If the audio output quality is limited to WB or NB quality, UE1 may send EVS-CMR with smaller audio bandwidth in uplink.

On operator configuration (!), MGW1 filters such UL EVS-CMR and replaces them by EVS-CMR (br=9.6; bw=swb).
This is one of the exceptions from the general Maximum Rate Control rules, allowed in TS 26.454, clause 11. The operator knowingly decides to risk higher DL frame error or frame loss rates, because he judges swb bandwidth more important. The operator also forbids smaller audio bandwidth and forces swb encoding, although the receiving UE1 has no benefit from it. These are exactly the same considerations and consequences as if selecting EVS (Set 3) from start.

MGW2 receives these EVS-CMR from MGW1 and has again the same operator-specific configuration. It passes these EVS-CMR on to UE2, although MGW2 may observe high frame loss rate in UL2 and would - without these operator-defined configuration, reduce the EVS-CMR to lower maximum rates or EVS-CA to combat the (temporal or local) UL2 problems.
UE2 gets the final EVS-CMR in downlink and obeys it. Even if its TX Power in uplink is at its physical limit, UE2 uses EVS (br=9.6; bw=swb) as commanded. 

Only if the audio input signal for UE2 has little energy in the higher bands, then the EVS-encoder may decide autonomously to use an encoding mode for WB or even NB for the optimal representation. It is therefore not excluded that UE2 sends with EVS (br=9.6; bw=wb) or EVS (br=9.6;bw=nb), exactly as with EVS (Set 3).

Intermediate Conclusion: if both MGWs are operator-defined, operating in EVS-SWB-only, the call will stay in EVS-SWB, exactly as with EVS (Set 3).
4 
Discussion

Scenario 1: the call is an Intra-Operator call.
We can assume that all MGWs and MSCs are configured in the same way. EVS-SWB is guaranteed with EVS (Set 1). The speech paths show bit-exact the same bit streams as with EVS (Set 3).

Scenario 2: the call is an Inter-Operator call with another SWB-operator
Both operators agreed beforehand to support EVS-SWB under all conditions and configure their MGWs accordingly, with the same result as in scenario 1.

Scenario 3: the call is an Inter-Operator call with operator 2 not enforcing SWB.
Such an operator 2 would not offer EVS (Set 3) and setup would either end in EVS (Set 1) or in transcoding between EVS (Set 3) and EVS (Set 1). Transcoding is not better.
Assume EVS (Set 1) is selected end-to-end and the same behaviour is observed by UE1, RNC1 and MGW1. 
Operator 2 has set the GBR in RNC2 to 2.8 kbps. Operator 2 has even the problem of temporal overload in some regions and so he keeps the option to modify to EVS (Set 0) at call setup or during the call (double cell capacity).
EVS-CMR (br=9.6; bw=swb) will still be sent by MGW1 to MGW2. As long as MGW2 does not observe uplink problems in the stream from UE2, it will not change the EVS-CMR. As long as RNC2 sees no uplink problems for UE2, it will not send RRC commands to set a lower maximum UL-rate than 13.2. UE2 may or may not run into TX power problems: it will send with EVS-SWB, at least with 9.6 kbps. So far, so good.

Let’s assume now the case that both RNC2 and MGW2 (and MGW1) observe higher UL frame loss rates and one or both decide that a lower uplink rate would bring better voice quality to UE1. Either MGW2 lowers the max rate in the EVS-CMR, e.g. to EVS-CMR (br=8; bw=?) with the unavoidable consequence that bw=wb is needed. Or the RNC commands a lower UL rate, e.g. 8 kbps) with the same consequence to UE2: it must obey the RNC2 limit and use EVS (br=8; bw=wb). Or - overload case - RNC2 changes the radio bearer and - de facto - uses EVS (Set 0) for this call, allowing another user in the cell.
Operator 1 is disappointed: his customer, UE1, does not get the promised SWB quality. 
But is User 1 better off with EVS (Set 3) end-to-end in such a bad radio situation? 
No, User 1 would receive SWB frames, but with maybe lots of drop outs. 
Maybe operator 2 would not accept EVS (Set 3) due to the overload problem or would modify to EVS (Set 0) during the call and inserts transcoding between EVS (Set 3) and EVS (Set 0). 
UE1 would not get better quality, although "formally" it receives EVS-SWB frames.
In none of these cases, UE1 would be better off with EVS (Set 3).

5 
Conclusion and Recommendation

EVS (Set 1) can perfectly emulate EVS (Set 3) in all Intra-Operator calls.

The same is true for calls to and from a partner-operator with the ambition for EVS-SWB-only and a high capacity, high performing radio network.

For Inter-Operator calls with non-ideal radio network situations in the other network, 
the EVS (Set 3) is in no way better than the combination of EVS (Set 1) with 
a) EVS (Set 0) for high load situations or
b) EVS (Set 1) for normal situations.
In order to gain advantages in avoiding transcoding, simplifying interworking by TrFO-compatible sets, it is proposed to remove EVS (Set 3) from TS 26.103.
The sources provide a corresponding CR in an accompanying document.
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