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==== Change #1 ====
 [160]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
[161]
3GPP TS 27.007: " Technical Specification Group Core Network and Terminals; AT command set for User Equipment (UE)".

[162]
3GPP TR 26.952: "Codec for Enhanced Voice Services (EVS); Performance characterization".
[163]
3GPP TR 26.959: "Study on enhanced Voice over LTE (VoLTE) performance".
==== Change #2 ====
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply:

NOTE:
A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

AMR, AMR-NB: Both names refer to the AMR codec (3GPP TS 26.071 [11]) and are used interchangeably in this specification.

CHEM: The Coverage and Handoff Enhancements using Multimedia error robustness feature.

Codec mode: Used for the AMR and AMR-WB codecs to identify one specific bitrate. For example AMR includes 8 codec modes (excluding SID), each of different bitrate.
Constrained terminal: UE that is (i) operating in radio access capability category series “M ” [162] capable of supporting conversational services, and/or (ii) a wearable device which is constrained in size, weight or power consumption (e.g. connected watches), excluding smartphones and feature phones.
==== Change #3 ==== 

9
Packet-loss handling

9.1
General

This clause specifies some methods to handle conditions with packet losses. Packet losses in general will also trigger adaptation, which is specified in clause 10.

The ‘a=bw-info’ attribute defined in clause 19 allows for negotiating how much additional bandwidth (if any) may be used for application layer redundancy in the session. When application layer redundancy is used, the media bandwidth negotiated for the session may need to be increased, i.e. by increasing the value used for the b=AS bandwidth modifier. The b=AS bandwidth modifier is however only a single value, which also applies only to the receiving direction. When an MTSI client in terminal sends the SDP, it is therefore not possible for the networks and the other client to know if the intention is to use the entire media bandwidth all the time (both with and without redundancy); or if the intention is to use the b=AS bandwidth only when redundancy is needed and to use a lower bandwidth when redundancy is not needed. It is also not possible to know what the MTSI client in terminal can do in the sending direction. The ‘a=bw-info’ attribute (see clause 19) offers an improved negotiation mechanism to better know what the MTSI client in terminal can do and what it intends to do. This is further discussed in TR 26.924 [144].
Improved error robustness can be enabled by packet-loss handling procedures of the codec or codec mode, via the adaptation procedures described in clause 10, or other mechanisms.  Annex X specifies the CHEM feature which enables the 3GPP system to exploit error robustness to avoid, delay, or reduce the need to handoff a terminal due to degradation in the media quality.
==== Change #4 ==== 

Annex X (normative):
Coverage and Handoff Enhancements using Multimedia Error Robustness (CHEM)
X.1
General

The robustness of media to packet loss can be affected by the following factors in the MTSI terminal:

· codec

· codec mode

· application layer redundancy

· packet loss concealment implementation

· dejitter buffer implementation

The above factors are considered to be part of the codec configuration.

The level of robustness can affect the coverage area of the service in a network.  Furthermore, communicating the level of robustness of the media to the network enables the eNB/gNB to use this information to determine a threshold for when the terminal should be handed off to another cell, domain (circuit-switched vs. packet-switched), or radio access technology.

The MTSI terminal may support the coverage and handover enhancements using the multimedia error robustness (CHEM) feature specified in this clause.  When CHEM is supported by terminals, the terminals exchange packet loss rate (PLR) information via specified SDP parameters.  A PCF/PCRF may use these SDP PLR values to set handover thresholds in their local eNB/gNBs.

X.2
Adaptation to Packet Losses

An MTSI terminal supporting the CHEM feature for a media type (e.g., speech or video) shall support the following procedures:

· when sending an SDP offer, the MTSI client shall include the PLR_adapt attribute in the media line for that media type in the SDP offer

·  when sending an SDP answer, the MTSI client shall include the PLR_adapt attribute in the media line for that media type in the SDP answer regardless of whether the PLR_adapt attribute was received in an SDP offer

· when the MTSI client receiving media detects packet losses higher than tolerable by the current codec configuration in use and a more robust codec configuration is available for the same codec, the MTSI client shall send a request to the media sender to use a more robust codec configuration of the same codec
· when the MTSI client receiving media detects a packet loss rate low enough to support a codec configuration of the same codec that provides better media quality than the current codec configuration, and switching to the new codec configuration will not cause oscillating between more robust and less robust codec configurations, then the MTSI client should send a request to the media sender to use the codec configuration of the same codec that provides better media quality
X.3 Packet Loss Concealment and De-Jitter Buffer Management

X.3.1 General

In addition to the negotiated codecs and codec modes, the end-to-end quality and robustness to packet loss of a service can depend on the MTSI client implementation of functions such as packet loss concealment (PLC) and de-jitter buffer management (JBM). 
A set of end-to-end and link-by-link PLR parameters is specified to provide the following: 

· enable MTSI clients to indicate for each RTP payload type the effective maximum tolerable PLR resulting from the codec, codec mode, packet loss concealment, de-jitter buffer management and other implementation considerations. 

· enable MTSI clients to negotiate with each other and suggest to the PCRF/PCFs how the maximum tolerable end-to-end PLR budget can be distributed across the uplink and downlink in a media transport path.  In the absence of any additional negotation or information from the terminals, the PCRF/PCFs may default to distributing the maximum tolerable end-to-end PLR equally (50-50) across the uplink and downlink.  The link-specific PLR parameters enable the terminals to suggest to the PCRF/PCFs an unequal distribution, e.g. 60% of the maximum end-to-end PLR allowed on the uplink and 40% allowed on the downlink before the terminals are handed off.

· indicate to the PCRFs/PCFs what PLR values may be used on the local uplink and downlink to the MTSI clients.
X.3.2 Offering MTSI Client

SDP PLR attributes and parameters are defined for use with each payload type.  For each RTP payload type, an offering MTSI client supporting the CHEM feature may include the following SDP attribute in its SDP offer:
  Name: MAXimum-e2e-PLR(maximum end-to-end PLR of the media decoder in the  MTSI client)

   Value: MAX-e2e-PLR-value

   Usage Level: media

   Charset Dependent: no

   Syntax:

         MAX-e2e-PLR-value = payload-type SP maxe2e-PLR [“:”maxDL-PLR] [“/”maxUL-PLR]

         payload-type = zero-based-integer

         maxe2e-PLR = plr-value

         maxDL-PLR = plr-value

         maxUL-PLR = plr-value

         plr-value = integer
: integer taken from IETF RFC 4566
The maxe2e-PLR represents the maximum end-to-end packet loss rate that can be properly received by the media decoder in the offering MTSI client (including effects of codec mode, packet loss concealment, de-jitter buffering, etc…) indicated by the RTP payload type number payload-type (as used in an “m=” line). 

The maxDL-PLR parameter indicates the maximum packet loss rate that the offering MTSI client is able to handle on its local downlink and shall not exceed the maxe2e-PLR value in the SDP offer.  If the parameter is not included then the default value from the offering MTSI client is set to ½ of the maxe2e-PLR value included in the SDP offer.
The maxUL-PLR parameter indicates the maximum packet loss rate that the offering MTSI client is able to handle on its local uplink.  If the parameter is not included then the default value from the offering MTSI client is set to ½ of  maxe2e-PLR value the answering MTSI client will include in its corresponding SDP answer.
If maxe2e-PLR is not included in the SDP answer then its value is set to a nominal value for the codec and mode (e.g., obtain value from clause X.4 if available).

The plr-value represents 1/100th of a percent (i.e. 10E-4) of packet loss as an integer.  
The following table X.3.2-1 summarizes the SDP offer parameters.
Table X.3.2-1 SDP offer attributes and parameters

	
Parameter
	Requirement
	Default Value if not included in SDP offer
	Limit
	Limit Condition

	maxe2e-PLR
	Included when attribute is supported
	A nominal value for the codec and mode (e.g., obtain value from clause X.4 if available)
	
	

	maxDL-PLR
	Optional
	½ maxe2e-PLR value in SDP offer
	No greater than maxe2e-PLR value in SDP offer
	Always

	maxUL-PLR
	Optional
	½ maxe2e-PLR value in SDP answer
	
	


X.3.3 Answering MTSI Client

For each RTP payload type, an answering MTSI client supporting the CHEM feature may include the SDP attribute from sub-clause X.3.2 in its SDP answer with the following semantics of the parameters.
The maxe2e-PLR represents the maximum end-to-end packet loss rate that can be properly received by the media decoder in the answering MTSI client (including effects of codec mode, packet loss concealment, de-jitter buffering, etc…) indicated by the RTP payload type number payload-type (as used in an “m=” line). 

If maxe2e-PLR is not included in the SDP offer then its value is set to a nominal value for the codec and mode (e.g., obtain value from clause X.4 if available).
The maxDL-PLR parameter included in the SDP answer indicates the maximum packet loss rate that the answering MTSI client is able to handle on its local downlink and shall not exceed the maxe2e-PLR value in the SDP answer.  

If the maxUL-PLR value included in the SDP offer is no greater than ½ the maxe2e-PLR value included by the answering MTSI client in the SDP answer, then maxDL-PLR in the SDP answer shall be set to no greater than (maxe2e-PLR value included in the SDP answer minus maxUL-PLR value included in the SDP offer).  Otherwise (the maxUL-PLR value included in the SDP offer is greater than ½ the maxe2e-PLR value included in the SDP answer) the maxDL-PLR in the SDP answer should be set to no greater than (maxe2e-PLR value included in the SDP answer minus maxUL-PLR value included in the SDP offer).  If the answerer sets the maxDL-PLR in the SDP answer to be greater than (maxe2e-PLR value included in the SDP answer minus maxUL-PLR value included in the SDP offer), the answerer shall not set maxDL-PLR greater than ½ maxe2e-PLR value included in the SDP answer.

If the maxDL-PLR parameter is not included in the SDP answer then the default value from the answering MTSI client is set to ½ of the maxe2e-PLR value included in the SDP answer.
The maxUL-PLR parameter included in the SDP answer indicates the maximum packet loss rate that the answering MTSI client is able to handle on its local uplink and shall not exceed the maxe2e-PLR value in the SDP offer.  

If the maxDL-PLR value included in the SDP offer is no greater than ½ the maxe2e-PLR value included by the offering MTSI client in the SDP offer, then maxUL-PLR in the SDP answer shall be set to no greater than (maxe2e-PLR value included in the SDP offer minus maxDL-PLR value included in the SDP offer).  Otherwise (if the maxDL-PLR value included in the SDP offer is greater than ½ the maxe2e-PLR value included in the SDP offer), ten maxUL-PLR in the SDP answer should be set to no greater than (maxe2e-PLR value included in the SDP offer minus maxDL-PLR value included in the SDP offer).  If the answerer sets the maxUL-PLR in the SDP answer to be greater than (maxe2e-PLR value included in the SDP offer minus maxDL-PLR value included in the SDP offer), the answerer shall not set maxUL-PLR greater than ½ maxe2e-PLR value included in the SDP offer.

If the maxUL-PLR parameter is not included then the default value from the answering MTSI client is set to ½ of the maxe2e-PLR value included in the SDP offer. 
The plr-value represents 1/100th of a percent (i.e. 10E-4) of packet loss as an integer.
The table X.3.3-1 below summarizes the usage of the SDP answer attributes and parameters.

Table X.3.3-1 Usage of the SDP answer attributes and parameters

	Attribute/
Parameter
	Requirement
	Default Value if not included in SDP Answer
	Limit Condition
	Limit

	maxe2e-PLR
	Included when attribute is supported
	A nominal value for the codec and mode (e.g., obtain value from clause X.4 if available)
	
	

	maxDL-PLR
	Optional
	maxe2e-PLR value included in the SDP answer minus maxUL-PLR value included in the SDP offer.

If maxUL-PLR is not included in the SDP offer then the default value is ½ maxe2e-PLR value in the SDP answer.
	maxUL-PLR value included in the SDP offer is no greater than ½ maxe2e-PLR value included in the SDP answer
	maxe2e-PLR value included in the SDP answer minus maxUL-PLR value included in the SDP offer

	
	
	
	maxUL-PLR value included in the SDP offer is greater than ½ maxe2e-PLR value included in the SDP answer
	 ½ maxe2e-PLR value in the SDP answer

	maxUL-PLR
	Optional
	maxe2e-PLR value included in the SDP offer minus maxDL-PLR value included in the SDP offer.

If maxDL-PLR is not included in the SDP offer then the default value is ½ maxe2e-PLR value in the SDP offer.
	maxDL-PLR value included in the SDP offer is no greater than ½ maxe2e-PLR value included in the SDP offer
	maxe2e-PLR value included in the SDP offer minus maxDL-PLR value included in the SDP offer

	
	
	
	maxDL-PLR value included in the SDP offer is greater than ½ maxe2e-PLR value included in the SDP offer
	½ maxe2e-PLR value in the SDP offer


X.4 Nominal Maximum Packet Loss Rate (Max. PLR) Values for Setting CHEM Handover Thresholds
X.4.1
Maximum Packet Loss Rate (Max. PLR) for Speech
Based on the 3GPP EVS Selection and Characterization results that included AMR-WB, AMR-WB with G718IO, and EVS codec, this clause provides an example set of Max. PLR operating points that the terminal may indicate to the PCRF/PCF.
X.4.1.1
Max. PLR recommendation without Application Layer Redundancy

Table X.1 provides example Maximum PLR operating points based on the EVS Selection and Characterization experiment results. 

Based on the EVS Characterization experiment results, e.g. Figure 11.10 and Figure 11.17 in TR 26.952 [162] 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 Channel Aware (CA) mode at 13.2 kbps at 9% FER is no worse than (NWT) that of AMR-WB (or EVS-IO) at 23.85 kbps at 3% FER.

Based on the EVS Selection experiment results, e.g. Figure 10.2 in TR 26.952 [162], 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 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. Figure 10.12 in TR 26.952 [162], 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 X.1: Example Maximum End-to-end Packet Loss Rate (PLR) per link for AMR-WB and EVS

	Codec
	Robustness Parameter
	Maximum End-to-end Packet Loss Rate 

	AMR-WB
	Normal
	1.5%

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

	EVS WB, SWB
	High
	6%

	EVS WB, SWB Channel Aware
	Extreme High
	9%


X.4.1.2
Max. PLR recommendation with Application Layer Redundancy

Application layer redundancy can work in conjunction with any of the aforementioned codec modes in Table X.1. 

Table X.2 provides example Maximum PLR operating points with and without application layer redundancy applicable to EVS codec based on informal objective and subjective results in Annex A of TR 26.959 [163]. 

The example in Table X.2 includes 100% application layer redundancy with offset 2, resulting in (2 x Bitrate). It should be noted that the relationship to path loss when operating at twice the bit rate (with 100% application layer redundancy) is not accounted in the Max. PLR recommendation in Table X.2. 
Table X.2: Example Max. End-to-end Packet Loss Rate (PLR) with application layer redundancy for EVS codec

	Codec
	Robustness Parameter
	Maximum End-to-end Packet Loss Rate 

	No application layer redundancy, 
EVS at bitrate of R kb/s


	-
	X %

	With 100% application layer redundancy, 
EVS at bitrate of 2xR kb/s, Offset = 2.


	-
	X + (2 to 5) %


