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1 Abstract
The “EVSoCS” work item has the objective to enable users of 3G services to benefit from the enhanced user experience and system capacity and interoperability provided by the new EVS codec. It is clear that the introduction of a new codec in 3GPP CS systems may have a significant system impact that may require substantial operator investments. In order for EVS to become commercially interesting for operators, it is hence of main importance to introduce the EVS at minimum system impact. 
This contribution discusses and proposes a number of concepts that aim at allowing EVS introduction with minimum system impact.

2 General discussion
For EVS introduction in 3GPP 3G systems, standardization has to address the following topics:
· Definition of EVS codec type, code point and mode sets for call setup and in-call adaptation protocols.
This topic has been discussed for a while without final conclusion. The source reiterates the proposal made in contribution S4-150336. With regards to mode sets the source is of the opinion that all modes should be included in a mode set for a given DL SF, which bit rate can reasonably be transported over the UTRAN at that SF. Guidance on that aspect should be requested from RAN groups. Based on that guidance, it is especially desirable to include as high rates as technically meaningful into a mode set operated at SF256, both VBR and CBR modes. Recent capacity advances resulting from the introduction of DCH Enhancements for CS voice should also be considered. 
Moreover, mid-call RAB modifications shall be avoided. Thus, all mode sets need to contain EVS primary and AMR-WB IO modes. The corresponding table of suggested configurations for the UMTS_EVS Codec type is shown below. Configuration 0 should be mandatory for all networks supporting EVS over CS.
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· RAB definition including decisions on the use of RAB subflows and on the use of equal or unequal error protection. 
This work will be done by RAN groups. Current assumption is that equal error protection will be used. 

· Definition of radio bearers including transport channel parameters such as Transport Format Combinations (TFCS) for selected spreading factors, CRC size.
This work will be done by RAN groups. SA4 will have to provide input regarding error sensitivity of EVS bit streams. Especially information related to tolerable frame error rates and undetected frame error rates need to be provided.
· Definition of EVS specific signaling elements for the call control (CC) protocol between MSC and UE and for the bearer independent call control (BICC) between MSCs, required for call setup.
This work will be done by CT groups. SA4 will have to provide input regarding the defined EVS codec type, code point and mode sets for call setup and in-call adaptation protocols.

· Definition of in-call codec mode signaling schemes between MSC and UE required for rate and audio bandwidth adaptation.
The signaling schemes should preferably not impact the Radio Network Controller (RNC) and rather be transparent for it. A more detailed discussion will be provided below.
· Definition of call setup and in-call adaptation protocol translations required for interoperation with other non-3G networks (e.g. LTE) or networks not supporting EVS.
It has to be made sure that the protocols defined for call setup and in-call adaptation are conceptually as much aligned as possible with the corresponding protocols for EVS over LTE.
3 In-call adaptation

In-call adaptation has the general purpose to adjust the coding mode to changed system conditions, in order to optimize capacity or service quality. A changed condition requiring selecting a new coding mode with a different bit rate may e.g. be caused by a changed radio network condition or occur in case of a cell hand-over where the previously used codec mode may not be supported any longer or not be suitable. 

The EVS does not only support adaptation with regards to bit rate but also with regards to audio bandwidth. Adaptation of the audio bandwidth may e.g. become necessary when the audio front- or backend changes. Adaptation of the encoding audio bandwidth in response to a change of input audio bandwidth is done autonomously by the encoder up to a given maximum audio bandwidth. A change of the output audio bandwidth may on the other hand trigger a codec mode request (CMR), i.e. an adaptation command from the receiving end to the sending end, requesting to adjust the maximum audio bandwidth for encoding. A change of encoding bit rate may also result in a changed audio bandwidth since not all audio bandwidths are supported by all bit rates.
A further important adaptation dimension of the EVS codec is the capability to switch between EVS primary modes and AMR-WB IO modes. This kind of adaptation is crucial when a UE moves between cells with EVS support and cells supporting AMR-WB but not EVS. The possibility to adapt seamlessly between EVS primary modes and AMR-WB IO modes ensures always highest possible service quality and the avoidance of call discontinuities due to codec changes that might otherwise occur. This also avoids the need to use transcoding between networks with EVS support and networks with only AMR-WB HD voice support, which would degrade quality and require operator investments.

EVS in LTE systems supports the above described kind of in-call adaptation. For that system, CMRs are transmitted in-band as part of the RTP payload format or out-of-band using RTCP. The use of in-band transmission of CMR is generally preferable due to lower latency and lower signalling overhead.

For EVSoCS it is desirable to allow in-call adaptation along the same dimensions as for EVS in LTE. This means that CMRs for encoding bit rate, bandwidth and EVS primary or AMR-WB IO modes need to be conveyed from a receiving UE to a transmitting UE or between UE and the CS core network.

4 In-call adaptation signaling

In order to ease the discussion it is sufficient to consider CMR signaling schemes between UE and core network (CS-Core). CS-Core network may typically just convey the CMRs from one UE to the other UE of the call or terminate the user plane (typically) in a MGW, in which case MGW will be origin and receiver of CMRs.
When introducing a suitable CMR signaling scheme for EVS in 3G it is important to understand the existing principles for AMR and AMR-WB adaptation signaling. A solution for EVS with minimum system impact should maintain these principles.
4.1 Existing adaptation signaling concept for AMR and AMR-WB 
It is important to understand that in 3G the RNC plays an important role for radio resource management, on UL via the RRC protocol and in DL via Iu UP signaling messages towards the CS-Core. Likewise, the UE performs autonomous rate adaptation based on its transmit power management.
RNC

The RNC controls the UL rate of the UE via RRC signaling. With this control plane signaling the UE is limited to send only with certain Transport Format Combinations (TFCs), thus allowing or forbidding certain modes of the configured mode set. With this signaling mechanism, modes of the configured mode set with rates up to the maximum rate are allowed while others are forbidden. The RNC may do this rate control based on the own radio resource management or in response to Iu UP messages received from the CS-Core. The Iu UP messages reflect maximum rate requirements of the call path from the remote UE and especially requirements from the remote DL. 
The RNC controls the maximum DL rate through the use of Iu UP signaling towards the CS-Core. The CS-Core may further change these adaptation commands (reduce the rate further according to own constraints) and propagate them towards the RNC serving the remote UE.

UE 
An important aspect is that the RNC controls only the maximum rate to be used by the UE on the UL. The actual UL rate is rather an autonomous decision by the UE that is associated with the required transmit power of each TFC versus the maximum UE transmit power. If the required transmit power for a TFC for a codec rate (up to the maximum rate) exceeds the maximum UE transmit power, then the UE shall autonomously select a lower codec rate associated with a TFC that does not exceed the maximum UE transmit power as described in TS 25.321 and TS 25.133.

4.2 Issues when extending adaptation signaling concept to EVS
Unlike AMR or AMR-WB, for the EVS a codec mode or a set of similar codec modes is not uniquely associated with a bit rate. For example, at the rate of 13.2 kbps NB, WB and SWB operation modes are defined. This means that the existing in-call maximum rate control concept is not sufficient as it would not allow uniquely identifying a desired bandwidth operation mode. Since mid-call RAB modifications shall be avoided, the source is of the opinion that associating EVS mode sets with a fixed audio bandwidth is problematic. This would in fact exclude the possibility to make in-call audio bandwidth adaptations. It is hence necessary to extend the adaptation signaling concept such that besides maximum rate control commands CMRs related to the additional EVS codec adaptation dimensions becomes possible. A proposal for that is discussed below in section 5.
Another issue is related to maximum rate control and the inclusion of EVS primary modes and EVS AMR-WB IO modes into the same mode set, which is necessary to avoid mid-call RAB modifications when switching between the operation modes. Specifically, as is the case with all mode sets discussed above (section 2), EVS primary modes and EVS AMR-WB IO modes are intertwined in terms of bit rate. The RNC issuing RRC commands to the UE modifying the maximum UL rate might hence unintendedly change operation from EVS primary modes to EVS AMR-WB IO modes, or vice versa. Similarly, the RNC when changing maximum UL rate from above or equal 9.6 kbps to below 9.6 kbps might unintendedly change audio bandwidth operation from SWB to WB (or NB). The analogue problem exists for the UE that may autonomously choose any configured bit rate up to the allowed maximum rate, depending on its transmit power management. Below in section 6 a proposal is discussed dealing with this issue.
5 CMR signaling for EVSoCS
As discussed above CMR for EVS has to support the EVS codec adaptation dimensions bit rate, audio bandwidth, and selection of EVS primary or EVS AMR-WB IO modes. 
To this end, RRC signaling as well as Iu UP signaling could be extended to support even the additional dimensions besides bit rate. This is however hardly possible without severe system impact. 
As an alternative it is proposed to align the CMR signaling in UTRAN as much as possible to the CMR signaling specified for LTE. In the following, this proposal is discussed in more detail.
3GPP TS 26.445, Annex A specifies the RTP payload format for EVS bit stream transmission in PS domain. Part of this specification is the definition of a CMR byte capable of signaling any operation mode of the EVS codec. The most straightforward approach would indeed be to use this CMR byte even in CS domain, conveyed in-band with the speech payload data. This would mean that the transmission of the in-band CMR is transparent for the RNC. This approach might raise the following questions:

· How would in-band CMR interact with RRC and Iu UP signaling?
The source is of the opinion that the existing RRC maximum rate signaling in-band CMR messages can without any problem be used concurrently. RRC messages generated by the RNC are maintained. These messages should still be used by the RNC to make maximum rate adaptations in response to the local radio network requirements of the UL. On the other hand, adaptation requests reflecting needs of the CS-Core or a remote UE should be conveyed by in-band CMR signaling. The codec mode rate adaptation control procedure of the UE will then combine these adaptation requests. If the UE receives conflicting rate commands via an RRC message and an in-band CMR, these commands are combined applying a minimum operation. 
In-band CMR may also be generated by a UE and transmitted together with UL speech data. The in-band CMR and the Iu UP message from the RNC would be combined in a CS-Core node like MGW. It is however to be noted that in UTRAN there is no need for a UE to send rate adaptation requests. The only possible need could be the transmission of audio bandwidth adaptation requests.
· Is the transmission overhead for in-band CMRs acceptable?
3GPP TS 26.445, Annex A specifies a full byte for CMR. However, examining the proposed mode sets and audio bandwidth modes available for the included rates it turns out that 3 to 5 bit are sufficient on DL, depending on the number of modes included in the respective mode sets. This is an insignificant overhead of only a few percent. It should though be pointed out that the resource for in-band CMR will need to be allocated permanently for all frames and not only for the case when the CMR needs to signal an actual mode change request. For UL the overhead for in-band CMR would be even lower since only audio bandwidth requests are meaningful. For this an overhead of 2 bits would be sufficient. 
6 Maximum rate control for EVSoCS
The main problem with maximum rate control for EVS is, as discussed above, that a maximum rate command issued by RNC could unintendedly change operation mode between EVS primary and EVS AMR-WB modes or change audio bandwidth mode.  

This could be avoided if RNC is made aware of subsets within the used mode set, pertaining EVS primary and AMR-WB operation or pertaining bandwidth operation. This would then allow confining maximum rate adaptation to such subsets. For the RNC to be made aware of codec specific information like subsets would however be a severe complication and practically not feasible if EVSoCS system impact should be limited. At the same time, the RNC controls only maximum rate. Request to change between EVS primary and EVS AMR-WB modes or to change audio bandwidth mode would never come from the RNC and rather from the CS-Core or, in case of audio bandwidth change, from the UE. Consequently, it is preferable to maintain the existing RNC maximum rate control and signaling mechanism even for EVS. Moreover, there is no need with regards to the new EVS adaptation dimensions to introduce any additions.
For the UE on the other hand, being aware of codec mode subsets is a viable concept. This is since the UE has in any case access to the codec control in the application layer. The proposal is hence that the UE performs rate adaptation in response to RRC maximum rate messages and the own transmit power management only within a given subset of codec modes within the configured mode set. This will be done at codec control in the application layer and does hence not impact existing lower layer mechanism like transport format combination selection in UE.

 
As an example it is assumed that mode set 0 is configured with the EVS primary modes as one subset and EVS AMR-WB IO modes as a second subset. If the UE then currently uses e.g. a mode out of the subset of primary modes, then any rate adaptation in response to a received RRC message or as a result of transmission power management will be done only within that subset. If an RRC message indicates for instance a maximum rate of 8.85 kbps, the UE would find the next lower EVS primary mode rate 8.0 as maximum bit rate that may be used. In-band CMRs may also convey maximum rate commands related to the remote DL. These commands are also combined by means of minimum operation with the received RRC maximum rate message and the maximum rate related to transmission power management. 
The CMR may on the other hand additionally initiate a change between EVS primary modes and EVS AMR-WB IO modes. Such a request involves changing the subset within which maximum rate adaptation is performed. 
A further example related to mode set 0 is shown in the table below. The table defines four subsets of modes associated with mode set 0: subset 1, 2 and 3, respectively for SWB, WB and NB primary modes, and subset 4 for AMR-WB IO modes. Rate adaptation in response to a received RRC message or transmission power management will be done only within these respective subsets. Hence, no change of bandwidth operation mode or between EVS primary and EVS AMR-WB IO mode can be done autonomously by RNC or the UE. Such a change is only possible by means of a corresponding CMR received from CS-Core.
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Table: Example mode subsets associated with mode set 0 

It is to be noted that CS-Core, typically some MGW, will combine Iu UP messages received from the RNC pertaining the DL of the RNC to the UE with CMRs received from the UE pertaining audio bandwidth requests for its receive direction. The CS-Core will combine these messages to a CMR that is conveyed to the RNC serving the remote UE. The existing mechanism of using Iu UP messages from CS-Core to RNC will hence not be used.
7 Conclusion
This contribution proposes an in-band CMR signaling scheme for EVS allowing conveying EVS adaptation commands related to bit rate, audio bandwidth and EVS primary and EVS AMR-WB IO modes. It has been shown that the scheme can without problems co-exist with the existing RRC and Iu UP signaling schemes for maximum rate control by the RNC.
The contribution further shows a way how maximum rate control for EVS in 3G is possible with the suggested EVS mode sets. The proposal allows keeping the RNC agnostic to the used EVS codec and its codec modes. The proposal however not only minimizes RNC impact but also impact on various lower layer protocols and mechanisms like RRC, Iu UP protocols or transport format combination selection in UE.  
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