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1. Introduction

Mechanisms to indicate a terminal’s ability to send adaptation triggers to adapt to the most robust codec mode is one of the key objectives of the FS_eVoLP study item in SA4. Some example procedures for adaptation trigger and the indication of adaptation capability through SDP are described in TR 26.959.

This paper highlights the application layer redundancy-based adaptation for improved error performance and analyzes limitations associated with the procedure. 

2. Selection of Robust Codec Mode
As per Clause 6.2.1 in TR 26.959, when the MTSI client in the terminal detects packet losses higher than tolerable by the current codec mode and application layer redundancy is used, the MTSI client should use the CMR or RTCP-APP messages to request a more robust codec mode or increased application layer redundancy from the media sender.
2.1 Application Layer Redundancy in eVoLP
Application layer redundancy is a codec-agnostic feature and not a codec mode as such. For example, the application layer redundancy may be used in conjunction with the current codecs AMR or AMR-WB or EVS AMR-WB IO or EVS with or without Channel aware. The use of application layer redundancy requires use of the RTCP-APP redundancy request message as specified in Clause 10.2.1.3, TS 26.114. 
Further, as per GSMA RiLTE specification IR 92 v11.0, it was specified that “RTCP-APP must not be used for Codec Mode Requests (CMR) by the UE and the entities in the IMS core network that terminate the user plane.”  However, it is the understanding that the use of RTCP-APP is not restricted for use of requesting application layer redundancy. 
2.1.1 Deriving Max. PLR operating points with Application Layer Redundancy
Unlike the EVS channel aware (partial redundancy) codec mode for which there are sufficient test results (see TR 26.952) to derive the Maximum PLR operating points, it is quite complex to provide a guidance on the Max. PLR operating points with Application Layer Redundancy as it depends on many factors, e.g.,
· Different redundancy levels (100% or 200% or 300%),

· Rate and intervals at which the packets are repeated and transmitted,

· Underlying changes to the codec audio bandwidth (e.g., super-wideband to wideband and drop in intrinsic quality) if the codec bitrate is reduced to allow for packet repetitions.
Conducting subjective tests to measure the performance of application layer redundancy is one way to obtain some guidance. However, repeating the same level of subjective testing rigor to study the eVoLP performance with application layer redundancy is simply too complex and may not cover all the scenarios possible with various combinations of packet repetitions for various bit rates and codecs. 

In general, use of application layer redundancy (i.e., packet repetitions) may have benefits to improve error performance, but to assess what is the Max. PLR operating point for improving eVoLP performance is challenging, especially to provide analytical guidance on top of the case when application layer redundancy is not used. For example, if one is operating at EVS 24.4 kbps SWB and encountered an FER of 10%, use of application layer redundancy with 2x9.6 kbps (to stay within the same data rate) may improve the effective loss rate to 1%.  However the drop in the intrinsic quality of the EVS codec at 9.6 kbps relative to that of at 24.4 kbps needs to be accounted for when setting the Max. PLR operating point. Similarly, if one is operating at EVS 13.2 kbps SWB, and encounters an FER of 10%, use of application layer redundancy with 2x5.9kbps (to stay within the same data rate) may improve the effective loss rate to 1%, with the cost that SWB coding is not supported at 5.9 kbps.
Further, reserving QoS resources for a data rate more than that required for the highest codec mode negotiated may result in a waste of network resources if the application layer redundancy is never used.

The use of CMR to request for application layer redundancy is not possible in case of AMR-WB and EVS AMR-WB IO as there are no available points as per Table A.3 in TS 26.445. In case of EVS primary modes, repurposing the 15 Reserved Fields is highly risky given that, 
· it is not clear if all the current implementations strictly ignore the Reserved Fields or reset them.

· Also, as per A.2.2.1.1 in TS 26.445, when a CMR is received requesting a bit rate and/or audio bandwidth that does not comply with the negotiated media parameters, it shall be ignored. Any change to the TS 26.445 specification now would introduce backwards compatibility issues with legacy devices.  
Use of RTCP-APP for application layer redundancy is quite generic for all codecs and modes rather than custom solutions for specific modes and codecs.  
2.2  Maximum PLR operating points for Speech Codecs 
Based on the 3GPP EVS Selection and Characterization results that included AMR-WB, AMR-WB with G718IO, and EVS codec, this clause recommends a set of Max. PLR operating points that the terminal may indicate to the PCRF. 
2.2.1 Max PLR recommendation without Application Layer Redundancy
Based on the EVS Characterization experiment results, e.g., Fig. 11.10 and Fig. 11.17 in TR 26.952, the following can be noted.
· Compared against AMR-WB/EVS AMR-WB-IO modes, the subjective quality performance gap with EVS-SWB Channel Aware mode increases from about 0.3 DMOS to 0.75 DMOS. For example, EVS SWB CA 13.2 kbps at 9% FER is NWT than that of AMR-WB (or EVS-IO) at 23.85 kbps at 3% FER.
Based on the EVS Selection experiment results, e.g., Fig. 10.2 in TR 26.952, the following can be noted.

· the performance of EVS WB at 6% FER (solid red line) is similar to that of the AMR-WB/G.718IO at 3% FER (dotted blue line). Note that this is AMR-WB/G.718IO incorporates enhanced decoder side packet loss concealment techniques that are not specified in AMR-WB codec.
Based on the EVS Selection experiment results, e.g., Fig. 10.12 in TR 26.952, the following can be noted.

· the performance of EVS AMR-WB IO at a given FER is similar to that of AMR-WB/G.718IO at the same FER.

Table 1 provides an example Maximum PLR operating points for the aforementioned speech codecs and modes.

Table 1. Example Maximum Packet Loss Rate (PLR) per link for AMR-WB, EVS.
	Codec
	Robustness Parameter
	Maximum Packet Loss Rate (PLR) per Link

	AMR-WB
	Normal
	1-2%

	AMR-WB/G718 IO, EVS AMR-WB IO
	Medium
	3%

	EVS WB, SWB
	High
	6%

	EVS WB, SWB Channel Aware
	Extreme High
	9%


2.2.2 Max PLR recommendation with Application Layer Redundancy

Application layer redundancy can work in conjunction with any of the aforementioned codec modes in Table 1, and may in general improve the Max. PLR operating point. 
Note: It is for FFS to investigate the Max. PLR operating point guidance with application layer redundancy.
3. Proposal

It is proposed that Clause 2 above be included into Clause 5 of TR 26.959.
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