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1 Introduction

The new Study Item on enhanced VoLTE performance (FS_eVoLP) was approved at SA#77 (Sept. 2017) - see SP-170615. The objectives of this feasibility study are to investigate:
1. Guidelines or requirements to ensure that MTSI clients send requests to adapt to robust modes of codec operation when necessary.  This study may require investigating performance results for different conditions and adaptation procedures.

2. Mechanisms to indicate at setup a terminal’s ability to send adaptation triggers (e.g. to adapt to the most robust codec mode).

3. Evaluate the impact of proprietary client implementations of Packet-Loss Concealment and Jitter Buffer Management (JBM) on having different Max PLR and potential mechanisms to indicate this to the network.
We focus on the second objective in the present document.
The discussions on enhanced VoLTE performance have assumed so far that a terminal would select the most robust mode. This assumption brings up at least the following two questions:

· What is the most robust mode? There are several adaptation methods to increase robustness (error resilience), including application-layer redundancy for AMR, AMR-WB and EVS, and channel-aware mode for EVS, The mode giving the best VoLTE performance may depend on UE/network settings and conditions, and there may not be sufficient characterization test results to give a clear answer at this stage for MTSI speech codecs.
· How to make sure that the most robust mode is selected? One important pre-requisite of the study is to identify feasible options to signal adaptation requests.

The objective of the present document is to discuss the latter question. 

2 Adaptation in MTSI according to TS 26.114
The main clause dealing with adaptation in TS 26.114 is clause 10 and example adaptation algorithms for speech are provided in Annex C of TS 26.114. There are no mandatory adaptation mechanisms, however clause 10 provides some high-level guidelines (e.g. conservative use of adaptation).

TS 26.114 currently defines two methods to signal adaptation requests for speech:

· RTP CMR in the codec payload
· RTCP-APP

Note that additional mechanisms are available (e.g. ANBR for bitrate adaptation and ECN-triggered adaptation).

RTCP-APP is recommended for speech adaptation defined in clause 10.2.1 of TS 26.114 (including application-layer redundancy). However, it is also specified that AVPF shall be offered when offering to use RTCP-APP signaling.

3 Adaptation in VoLTE according to IR.92 (V11.0)
IR.92 specifies that the RTP AVP profile must be used by the client and IMS network. (Besides, entities must be able to ignore SDPCapNeg attributes and indicate the use of the RTP AVP profile when clients support both AVP and AVPF).
With this minimum profile of MTSI, it is therefore not possible to use RTCP-APP. The primary uses of RTCP are voice quality monitoring and keep-alive functionality. 
4 Possible options to signal adaptation requests for enhanced VoLTE performance
We discuss here in more details the current limitations with the two main methods to signal adaptation requests: RTP CMR and RTCP-APP.

RTP CMR for AMR and AMR-WB is specified in IETF RFC 4867. The 4-bit CMR code space is not fully used and allows to signal bit rate adaption requests for the 8 and 9 modes of AMR and AMR-WB, together with the NO_REQ code. Some CMR code points are left for future use.

RTP CMR for EVS is specified in Annex A of TS 26.445. In Compact mode, there is only a 3-bit CMR for EVS AMR-WB IO to signal 7 out 9 modes and a 'none' code equivalent to 'NO_REQ'. A CMR byte is defined for Header-full mode, with code points for operation mode / bit rate / coded bandwidth adaptations (EVS-NB, -WB, -SWB, and -FB and AMR-WB IO), together with specific requests for EVS CAM at different offsets and FEC indicators. There is also a specific code point for NO_REQ in the CMR byte. The code space in the CMR byte is sparse with many entries indicated as 'Not used' and some entries indicated as 'reserved'.

The existing code points for RTP CMR in AMR and AMR-WB can only be used for bit rate adaptation while RTP CMR for EVS is able to signal adaptation requests in terms of operation mode / bit rate / coded bandwidth / CAM mode adaptation. To be able to signal other types of requests, such as application-layer redundancy or frame aggregation, one has to rely on RTCP-APP, however this is not allowed in IR.92.
We list below several possible options for discussion in the scope of FS_eVoLP to potentially enable extended adaptation requests (compared to the existing RTP CMR):

1) Consider using RTCP-APP - this option does not seem feasible with the current minimum profile constraints in IR.92
2) Consider defining extended inband requests in RTP assuming there is a specific new SDP parameter indicating 'eVoLP capability' in the terminal for interoperability with legacy terminals (e.g. a media level parameter below the 'm=audio' line in SDP):

a) Reuse free CMR code points to signal specific requests - the possible signalling space is quite limited, however this may be sufficient for the FS_eVoLP context is the number of relevant adaptation requests is not too large; this may require spelling out possible codec modes under existing bandwidth limitations (e.g. <13.2 or 24.4 kbit/s bearers)
b) Use padding bytes at the end of the codec payload to signal adaptation requests

c) Use header extension bytes to signal adaptation requests

5 Additional remarks on RTP CMR (regarding the handling of packet loss)

The CMR field is carried in RTP packets, which are typically over UDP (in unacknowledged RLC mode in LTE), so in case of packet loss the CMR field might be lost.  We provide below some possible guidelines to ensure proper behavior in impaired conditions, assuming the existing RTP CMR method is used to signal adaptation requests:
· For AMR and AMR-WB, the CMR field is always present. Assuming an updated adaptation request has been sent in a given CMR (different from ‘NO_REQ’), the code point corresponding to the targeted operation should be used and repeated until the next udpate of the request, instead of the ‘CMR15’ code point. Alternatively, one may repeat a request several times until the request is executed or up to a given timeout.
· For EVS, assuming the default packetization mode is used, sending CMR may require temporarily switching from compact to header-full (at the expense of payload size). If the terminal, which has sent an adaptation request by CMR, has not received any RTP packets matching the request after a given timeout (e.g. 500 ms), it may resend a new CMR (potentially with an updated value). There may be other approaches, for instance, the terminal may just repeat the latest updated adaptation request, however this may require using header-full mode most of the time, especially if the adaptation frequency is high or if the target is to maximize the robustness of CMR transport. Here, it is important to recall that there is some potential padding penalty used for size collision avoidance of header-full mode, which may have an impact on efficiency.
6 Conclusion
We suggest discussing the feasibility of the options listed in clause 4 to clarify the type of adaptation requests that should be considered in the scope of FS_eVoLP (e.g. existing RTP CMR, extended inband requests, etc.) and agreeing on the preferred method to send adaptation requests.
We also suggest considering the remarks in clause 5 for the FS_eVoLP work.
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