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1. Introduction
The eVoLP study item description proposed to investigate the following:
1. Guidelines or requirements to ensure that MTSI clients send requests to adapt to robust modes of codec operation when necessary.

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 (PLC) and Jitter Buffer Management (JBM) on having different Max PLR and potential mechanisms to indicate this to the network.

This paper addresses the last objective by proposing text for the appropriate clauses in 3GPP TR 26.959.
Proposed Text for TR 26.959
8
Impact of JBM and PLC on Handover Thresholds
8.1
Description

In addition to the negotiated codecs and codec modes, the end-to-end quality and robustness of the VoLTE connection also depends on the UE capabilities including, for example, jitter buffer management (JBM) and packet loss concealment (PLC). In the meantime, the MaxPLR parameter derived by the PCRF (i.e., in the network-based architecture in clause 4.2.1) or UE (i.e., in the UE-based architecture in clause 4.2.2) and signaled to the eNB does not capture the impact of such UE capabilities. As such, further refinements on the MaxPLR could be considered on a per UE basis depending on the capabilities of the UE. 

One of the challenges in setting the handover thresholds is to ensure that the end-to-end error rate across the transport path from the media sender to receiver does not exceed the maximum packet loss that the codec, the PLC implementation, and the JBM implementation in the receiving UE can handle.  In Figure 1, assuming that the backhaul introduces negligible error requires that in the transmission direction from UE B to UE A, that

eNB_A_DL_PLR + eNB_B_UL_PLR <= max PLR codec and (PLC + JBM in UE A)

Similarly, in the other direction of transmitting media from UE A to UE B we have the following requirement:

eNB_A_UL_PLR + eNB_B_DL_PLR <= max PLR codec and (PLC + JBM in UE B)
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Figure 1
The problem is how to provide the eNB information about the codec, PLC, and JBM in use so that it can set appropriate handover thresholds for the uplink and downlink.
8.2
Potential Solutions

8.2.1
General
Since the PLC and JBM implementation and performance are known only to the terminal receiving media, this information has to be signaled by the terminal to the network. In this context, the UE may consider its JBM and/or PLC capabilities to derive a recommended maximum end-to-end packet loss rate (max_e2e_PLR) that the terminal can tolerate for a given codec/mode when using its JBM and PLC implementation, and signal this parameter, or some indication derived from it, to the network. The robustness parameter values used in the eNB may then use, or be  refined based on, this recommendation. A UE with advanced JBM and PLC capabilities may determine a max_e2e_PLR value that is higher than the MaxPLR corresponding to the most robust codec configuration. This means that the PLC and JBM capabilities of the UE may be delivering further robustness on top of that delivered by the most robust codec configuration. If the eNB gets such an indication of additional robustness from the UE, it may further delay the SRVCC handover decision even when the MaxPLR value (based on the most robust codec configuration) is exceeded, leading to more optimized SRVCC handovers. 
Furthermore, since there are typically two radio links in the end-to-end path from the sending terminal to the receiving terminal, the information has to ultimately be shared with the two eNBs in the transport path to determine how to set their SRVCC handover thresholds based on the appropriate packet_loss_rates.

During SDP codec negotiation, the terminals may also exchange information about their JBM and packet loss concealment capabilities.  As such, SDP may carry max_e2e_PLR information.
The value of this parameter can be set in the UE based on the UE vendor’s characterization of the terminal’s performance and it is exchanged with the other terminal via a new SDP parameter. For example, UE A would send the max PLR that it can receive (max_e2e_PLR_A) for a particular codec mode to UE B in the SDP offer, while UE B would send max PLR it can receiver (max_e2e_PLR_B)  for a particular codec mode to UE A in the SDP answer.
8.2.2 UE-requested UL and DL PLR
8.2.2.1 General
In the following set of solutions, following the exchange of the required max_e2e_PLR in each transmission direction, the terminals determine what maximum PLR to request of each local eNB for the uplink and downlink (Figure 2).  These requests for PLRs on the UL and DL are sent directly from the UE to eNB using new RAN2 messages.
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Figure 2. UE-requested UL PLR and DL PLR
How the UEs can determine the UL PLR and DL PLR to request of each eNB is described in the following clauses. One distinction to observe among the potential solutions is whether (i) the UL PLR and DL PLR are set statically at the session level and kept the same regardless of the local RAN conditions as in clauses 8.2.2.2 and 8.2.2.3, or (ii) the UL PLR and DL PLR are dynamically allocated according to the local RAN conditions on both ends of the link, as in clause 8.2.2.4.
8.2.2.2 Simple Ratio

In this approach the terminals are specified, pre-configured, or dynamically configured (e.g., via OMA-DM) to divide the max_e2e_PLR across the uplink and downlink according to an agreed ratio.

For example if the UL PLR : DL PLR ratio = R then,
· UE A asks its eNB to support on its uplink, UL_PLR_A = (max_e2e_PLR_B) [R /(R+1)]

· UE A asks its eNB to support on its downlink, DL_PLR_A = (max_e2e_PLR_A) [1 /(R+1)]

· UE B asks its eNB to support on its uplink, UL_PLR_B = (max_e2e_PLR_A) [R /(R+1)]

· UE B asks its eNB to support on its downlink, DL_PLR_B = (max_e2e_PLR_B) [1 /(R+1)]
· Editor’s Note: Criteria on selection of the R parameter are to be provided.
8.2.2.3 SDP-Negotiated

During the SDP negotiation terminals explicitly negotiate how to distribute the max_e2e_PLR, e.g., allow more errors to occur on the uplink since LTE networks are uplink-coverage limited.  This is performed as follows:
For each device, the desired UL PLR and DL PLR for its local links is pre-configured or dynamically configured via OMA-DM.  
· UE A (the offerer) in its SDP offer indicates max_e2e_PLR (i.e. direction from UE B to UE A) and both its uplink (UE A to UE B) & downlink (UE B to UE A) PLRs denoted by max_e2e_PLR_Off, UL_PLR_Off, DL_PLR_Off, respectively.
· UE B (the answerer) can then either accept the requested uplink/downlink PLR or modify them. For example, if the requested uplink (UE A to UE B) PLR is more than UE B can handle, it may reduce it to fit within its max_e2e_PLR_Ans  (UE A to UE B) limit.
· When UE B receives the SDP offer, it has all the information (i.e. UE A’s PLR configuration and its own local configuration - UE B’s max_e2e_PLR_Ans, its uplink (UE B to UE A) and its downlink (UE A to UE B)) to either accept the offer or modify what was offered.  If UE B modifies what was offered by UE A and includes this in the SDP answer, UE A can either accept the payload type or reject it.  
· UE B responds with its triad set.  Note that if one always assumes that uplink + downlink add up to total max_e2e_PLR, then only UE B’s max_e2e_PLR_Ans is needed. But to support scenarios where the network may not want to exhaust the entire PLR budget, UE B should respond with its own triad set as well. 
To support the above procedures the following SDP attributes would be defined: 
· Triad for the offerer: max_e2e_PLR_Off, UL_PLR_Off, DL_PLR_Off

· Triad for the answerer:  max_e2e_PLR_Ans, UL_PLR_Ans, DL_PLR_Ans

· Where all PLRs are expressed in %.
· The following conditions should be met to provide acceptable performance:
· UL_PLR_Off + DL_PLR_Ans must be <= max_e2e_PLR_Ans
· UL_PLR_Ans + DL_PLR_Off must be <= max_e2e_PLR_Off
The following scenarios illustrate how these SDP parameters could be used.

Example 1 

· Answerer UE configuration agrees with SDP offer therefore answerer does not modify the SDP attributes inserted by the offerer

· Entire e2e PLR budget is utilized
	SDP Offer
	Value (%)
	SDP Answer
	Value (%)

	max_e2e_PLR_Off
	5
	max_e2e_PLR_Off
	5

	UL_PLR_Off
	7
	UL_PLR_Off
	7

	DL_PLR_Off
	1
	DL_PLR_Off
	1

	
	max_e2e_PLR_Ans
	9

	
	UL_PLR_Ans
	4

	
	DL_PLR_Ans
	2


Table 1. SDP Offer-Answer when answerer agrees with offerer and entire e2e PLR budget utilized
Example 2

· Answerer UE configuration agrees with SDP offer therefore answerer does not modify the SDP attributes inserted by the offerer

· Entire e2e PLR budget is not utilized
	SDP Offer
	Value (%)
	SDP Answer
	Value (%)

	max_e2e_PLR_Off
	10
	max_e2e_PLR_Off
	10

	UL_PLR_Off
	5
	UL_PLR_Off
	5

	DL_PLR_Off
	1
	DL_PLR_Off
	1

	
	max_e2e_PLR_Ans
	9

	
	UL_PLR_Ans
	4

	
	DL_PLR_Ans
	2


Table 2. SDP Offer-Answer when answerer agrees with offerer and entire e2e PLR budget is not utilized
Example 3

· Answerer’s PLR configuration conflicts with offerer’s PLR configuration

· Answerer UE’s PLR configuration: max_e2e_PLR_Ans=7, UL_PLR_Ans=4, DL_PLR_Ans=2

· Since this conflicts with offer, the answerer UE modifies the PLR values from the offer 

· Entire e2e PLR budget for answerer is utilized. Offerer’s maximum e2e PLR budget is not fully utilized. 
	SDP Offer
	Value (%)
	SDP Answer
	Value (%)

	max_e2e_PLR_Off
	10
	max_e2e_PLR_Off
	10

	UL_PLR_Off
	7
	UL_PLR_Off
	5

	DL_PLR_Off
	1
	DL_PLR_Off
	1

	
	max_e2e_PLR_Ans
	7

	
	UL_PLR_Ans
	4

	
	DL_PLR_Ans
	2


Table 3. SDP Offer-Answer when answerer disagrees with offerer and entire e2e PLR budget is utilized
Answerer modifies UL_PLR_Off from 7 to 5 to fit within its maximum max_e2e_PLR_Ans. Upon receiving the above SDP answer, the offerer could either accept or reject the payload type associated with the answer
Editor’s Note: Criteria on the fixed allocation of UL_PLR and DL_PLR are to be provided.
8.2.2.4 Dynamic Allocation of UL PLR and DL PLR
The potential solutions documented in clauses 8.2.2.2 and 8.2.2.3 rely on fixed allocation of UL PLR and DL PLR across the eNBs. However, this may not always provide the most optimal results in adjusting the SRVCC handover thresholds. e.g., when one of the eNBs enjoys very good radio conditions it is unable to dynamically raise the packet loss rates that can be tolerated at the far-end eNB which would allow the far-end eNB to delay the SRVCC handover for the negotiated codec configurations. A more dynamic allocation policy on UL PLR and DL PLR that considers the local RAN conditions on both ends of the link may therefore allow realizing further optimizations on the SRVCC handover thresholds.
Considering Fig. 1, UE_A can determine the maximum PLR it can tolerate based on its PLC and JBM implementation, i.e., max_e2e_PLR_A, and then decide how this should be distributed between eNB_A_DL_PLR and eNB_B_UL_PLR. While UE A can signal eNB_A_DL_PLR to its eNB A locally over the RAN interface (e.g., via RRC signaling), it cannot signal eNB_B_UL_PLR to eNB B. To achieve the latter, UE A can use RTCP feedback signaling to convey eNB_B_UL_PLR to UE B. UE B can then signal this information to eNB B locally over its RAN interface. 
The potential advantage of this approach is the ability to dynamically allocate eNB_A_DL_PLR and eNB_B_UL_PLR depending on the local RAN conditions. For instance, if UE A observes that it enjoys good radio conditions to eNB A that would allow communication using the most robust codec mode with nearly negligible PLR, it may set eNB_B_UL_PLR to max_e2e_PLR_A, and essentially allocate the entire max_e2e_PLR_A for use over the eNB B’s uplink toward realizing the best possible SRVCC handover threshold for eNB B in the uplink. Later on, if the local RAN conditions for UE A change, UE A may send another RTCP feedback message to UE B to adjust the allocation of max_e2e_PLR_A across eNB_A_DL_PLR and eNB_B_UL_PLR. 
Editor’s Note: Further details to be provided on the RTCP-based Signaling approach
8.2.3 Network-requested UL and DL PLR
8.2.3.1 General
In the following set of solutions, after the exchange of the required max_e2e_PLR in each transmission direction, the UEs or the network determine what maximum PLR is needed for the uplink and downlink (Figure 3).  Then the network sends the required maximum UL PLR and DL PLR values to the eNBs using messages that would be specified in SA2.
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Figure 3 Network-requested UL PLR and DL PLR
How the UEs and networks can determine the UL PLR and DL PLR to request of each eNB is described in the following clauses. One distinction to observe among the potential solutions is whether (i) the UL PLR and DL PLR are set statically at the session level and kept the same regardless of the local RAN conditions as in clauses 8.2.3.2 - 8.2.3.5, or (ii) the UL PLR and DL PLR are dynamically allocated according to the local RAN conditions on both ends of the link, as in clause 8.2.3.6.
8.2.3.2 Simple Ratio

This follows the same principle as in clause 8.2.2.2 where a ratio of UL PLR : DL PLR is configured or agreed among the PCRFs.  Based on this ration the PCRFs can allocate the appropriate proportion of max_e2e_PLR to their local eNB’s uplink and downlink.  If UL PLR : DL PLR = R then,

· PCRF A asks its eNB to support on its uplink, UL_PLR_A = (max_e2e_PLR_B) [R /(R+1)]

· PCRF A asks its eNB to support on its downlink, DL_PLR_A = (max_e2e_PLR_A) [1 /(R+1)]

· PCRF B asks its eNB to support on its uplink, UL_PLR_B = (max_e2e_PLR_A) [R /(R+1)]

· PCRF B asks its eNB to support on its downlink, DL_PLR_B = (max_e2e_PLR_B) [1 /(R+1)]
Editor’s Note: Criteria on selection of the R parameter are to be provided.

8.2.3.3 SDP-Negotiated

This follows the same principle as in clause 8.2.2.3 where the UEs negotiate the proportion of the max_e2e_PLR to their local eNB’s uplink and downlink.  However, instead of having the UEs request the resulting uplink and downlink PLRs directly from the eNBs, the CSCF/PCRFs examine the SDP answer to extract the negotiated PLR configuration and communicate the appropriate values to their local eNBs.
For example, if UE A is the offerer and UE B is the answerer then the PCRFs would perform the following with SDP parameters included SDP answer:
· PCRF A asks its eNB to support on its uplink, UL_PLR_A = UL_PLR_Off  (the value included in the SDP answer)

· PCRF A asks its eNB to support on its downlink, DL_PLR_A = DL_PLR_Off (the value included in the SDP answer)

· PCRF B asks its eNB to support on its uplink, UL_PLR_B = UL_PLR_Ans

· PCRF B asks its eNB to support on its downlink, DL_PLR_B = DL_PLR_Ans

8.2.3.4 PCRF-Negotiated

This is similar to the approach described in clause 8.2.3.3 except that the negotiation of what proportion of the max_e2e_PLR to allocate to the eNBs uplinks and downlinks is performed by CSCFs/PCRFs as follows:

· UE A (the offerer) in its SDP offer indicates its max_e2e_PLR_Off.
· CSCF/PCRF A sees this parameter value and based on operator policy, decides how it would prefer to allocate a proportion of max_e2e_PLR_Off across the downlink of eNB A and indicates this by adding DL_PLR_Off in the SDP offer.  
· CSCF/PCRF A also indicates its preferred uplink PLR by adding UL_PLR_Off into the offer.
· CSCF/PCRF B stores the values of DL_PLR_Off and UL_PLR_Off in the SDP offer and removes these SDP parameters from the SDP offer before forwarding this onto UE B.
· UE B receives the SDP offer, and responds by including its max_e2e_PLR_Ans in the SDP answer it sends back.
· CSCF/PCRF B receives the SDP answer, and checks that, DL_PLR_Ans, plus UL_PLR_Off is less than max_e2e_PLR_Ans.
· 
If this condition is met then CSCF/PCRF B adds DL_PLR_Ans and UL_PLR_Off into the SDP Answer.  

· Otherwise, CSCF/PCRF B modifies both  DL_PLR_Ans and UL_PLR_Off so that their sum is less than max_e2e_PLR_Ans, then includes them into the SDP answer.
· Similarly, CSCF/PCRF A checks that, UL_PLR_Ans, plus DL_PLR_Off is less than max_e2e_PLR_Off.
· 
If this condition is met then CSCF/PCRF A adds UL_PLR_Ans and DL_PLR_Off into the SDP Answer.  

· Otherwise, CSCF/PCRF B modifies both UL_PLR_Ans and DL_PLR_Off so that their sum is less than max_e2e_PLR_Off, then includes them into the SDP answer.
· When CSCF/PCRF A receives the SDP answer it may reject it if the values of UL_PLR_Off and DL_PLR_Off that were modified by CSCF/PCRF B are not acceptable.  If CSCF/PCRF A accepts the SDP answer then both CSCF/PCRF A and CSCF/PCRF B have all the information they need to communicate the required UL and DL PLRs to their local eNBs.
8.2.3.5 PCRF-Negotiated using single SDP parameter

In this approach only a single SDP parameter, max_e2e_PLR, is defined and used.  In the description below the “_A” and “_B” extensions are added to make it easier to understand what is being described.  In the actual SDP only the max_e2e_PLR parameter needs to be used.
The procedures are as follows:
· UE A sends its max_e2e_PLR_A in the SDP offer.

· CSCF/PCRF A sees this parameter in the SDP offer and decides that it will allocate on the downlink to UE A DL_PLR_A which is less than max_e2e_PLR_A.

· CSCF/PCRF A also modifies the parameter in the SDP offer to indicate a 

· new max_e2e_PLR_A = old max_e2e_PLR_A – DL_PLR_A

· This modified SDP offer is sent to the CSCF/PCRF B.

· CSCF/PCRF B uses the modified max_e2e_PLR_A value in the SDP offer to set the uplink PLR at eNB B,  UL_PLR_B = new max_e2e_PLR_A. CSCF/PCRF B could also choose to use a UL_PLR_B < new max_e2e_PLR_A if it did not want to use the entire e2e PLR budget.
In the reverse direction a similar procedure happens.  
· UE B sends its max_e2e_PLR_B in the SDP answer 
· The local CSCF/PCRF B takes a portion of max_e2e_PLR_B and allocates it to the downlink of eNB B in DL_PLR_B.
· CSCF/PCRF B modifies the max_e2e_PLR_B in the SDP answer to new max_e2e_PLR_B = old max_e2e_PLR_B – DL_PLR_B

· CSCF/PCRF B then sends this  new max_e2e_PLR_B value to CSCF/PCRF A.

· CSCF/PCRF A uses the new  max_e2e_PLR_B value in the SDP answer to set the uplink PLR at eNB A,  UL_PLR_A = new max_e2e_PLR_B.  CSCF/PCRF A could also choose to use a UL_PLR_A < new max_e2e_PLR_B if it did not want to use the entire e2e PLR budget.
8.2.3.6 Dynamic Allocation of UL PLR and DL PLR

Editor’s Note: Further details are to be provided.
Editor’s Note: The RTCP-based signaling approach discussed in clause 8.2.2.4 may only be limited to the UE-requested UL PLR and DL PLR scenario. Applicability to the Network-requested UL PLR and DL PLR scenario is to be checked.
8.3
Conclusions


1. 
2. 
3. 
End of Proposed Text for TR 26.959
2. Proposal

It is proposed that the above text be included into the appropriate clauses of 3GPP TR 26.959.
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