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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction
Voice-over-LTE (VoLTE) may require better LTE Reference Signal Received Power (RSRP) compared to data service, i.e., while the LTE radio signal may be good enough for pure data session, it may not be reliable enough for VoLTE services. In scenarios where the radio network is dimensioned for data services, eNB may trigger SRVCC handover to CS, e.g., when the UE falls into marginal or weak LTE coverage or when an EPS bearer with QCI-1 reliability is not sufficiently met. 

In certain network dimensioning, the VoLTE coverage border may be a function of the selected codec and its selected configuration, its rate and mode adaptation, and potentially the applied application layer redundancy, as well as the required QoS of the VoLTE bearer. In these cases, legacy RAN might unnecessarily hand over fairly good VoLTE calls to 2G/3G CS via SRVCC HO, because it is unaware of the robustness of the selected codec. Radio Resource Management functions could potentially avoid unnecessary SRVCC HOs, if appropriate information is made available.
The TS 26.114 (which is used as basis for the GSMA IR.92 VoLTE profile) includes several tools for increased robustness of speech calls with initial selection of Codecs and their Configuration and in-call dynamic rate and mode adaptation and maybe application layer full redundancy. EVS, especially the EVS Channel Aware mode, demonstrates higher robustness against transmission errors than AMR and AMR-WB codecs by application-layer partial redundancy.

This report investigates possible solutions to maintain voice quality on LTE as high as possible and by that avoiding or at least delaying SRVCC as much as possible and by that minimize the negative impact on user experience for VoLTE subscribers in areas with weak LTE coverage.

1
Scope

The Technical Report provides a study on the enhanced VoLTE performance (eVoLP). The study focuses on,

 -
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.

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

-
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.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations
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. 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.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

UL
Up-link
4
Overview
4.1
Introduction
4.2
UE-based and Network-based Architectures
4.2.1
Network-based Architecture

The network-based solution relies on the fact that the information on the negotiated codecs and configurations (or codec modes) for the session is available in the PCRF through its knowledge of the SDP that contains the negotiated session parameters. Based on such information, the PCRF can derive the relevant robustness parameter information (e.g., Maximum Packet Loss Rate) and signal this information to the eNB. The derivation of the robustness parameter information based on the negotiated codec modes can be performed subject to a standardized mapping rule, e.g., with an indication of packet loss rate for each codec mode and calculation of the Maximum Packet Loss Rate based on the negotiated codec modes. The network-based solution is depicted in Figure 4.1.

In this solution, the PCRF by default does not know the MTSI client adaptation behavior, and would therefore set the robustness parameter (e.g., Maximum Packet Loss Rate) based on the least robust codec mode among the negotiated codec configurations. If however the PCRF knows from the SDP that the MTSI client receiver supports adaptation to the most robust codec mode, i.e., that the UE will request the sender to change its encoder to a more robust mode when it detects packet losses, then the PCRF could set the robustness parameter based on the most robust codec mode, and thereby enabling a more optimized SRVCC handover performance. Such indication to the PCRF is enabled via the new SDP parameter ‘adapt’, see clause 7.2.1 for further details.
[image: image3.emf]
Figure 4.1 Network-based solution to signal robustness information to eNB
4.2.2
UE-based Architecture

The UE-based solution relies on the fact that the information on the negotiated codecs and configurations (or codec modes) for the session is available in the UE through its knowledge of the SDP that contains the negotiated session parameters. Based on such information, the UE can derive the relevant robustness parameter (e.g., Maximum Packet Loss Rate) and signal this to the eNB. Such signaling from the UE to the eNB would have to be defined in the RAN, e.g., via use of RRC signaling to carry the robustness parameter information in TS 36.331 (the exact format of the signaling may be decided by RAN2). The derivation of the robustness parameter information based on the negotiated codec modes can be performed subject to a standardized mapping rule, e.g., with an indication of packet loss rate for each codec mode and calculation of the Maximum Packet Loss Rate based on the negotiated codec modes. The UE-based solution is depicted in Figure 4.2.

For the UE-based solution, one can observe that the UE (i.e., MTSI client) not only knows the negotiated codecs and configurations (or codec modes), but also the selected codec configuration or mode for the currently transmitted RTP stream, i.e., as determined via the outcome of the media adaptation in the UE. As such, the UE can determine the packet loss rate corresponding to the selected codec configuration and signal the relevant robustness parameter information (e.g., MaxPLR) to the eNB. Therefore, an indication at the SDP level via the ‘adapt’ parameter as described in Clause 7.2.1 is not necessary for the UE-based signaling solution, and an optimized SRVCC handover performance can be ensured without supporting the ‘adapt’ feature in the SDP and enforcing a particular adaptation behavior on the MTSI client in the UE. Moreover, depending on the change in the selected codec configuration or mode, the UE can dynamically update the eNB on the corresponding robustness parameter information, e.g., updated value for MaxPLR.
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Figure 4.2 UE-based solution to signal robustness information to eNB
5
Parameters for SRVCC Handover Thresholds
5.1
Description
5.2
Potential Solutions

5.2.1 
Robustness Indication 
5.2.1.1
Maximum Packet Loss Rate (PLR)

5.2.1.2
Packet Loss Range

5.2.1.3
Robustness Index

5.2.2
<Other Solutions>
5.3
Conclusion
6
Codec Mode Adaptation Procedures

6.1
Description

6.2
Potential Solutions

6.2.1
Adaptation to Packet Loss
The procedures for client adaptation to packet loss can be introduced in Annex C of TS 26.114, similar to how the procedures for rate adaptation are specified.  This would be specified as follows:

In 3GPP TS 26.114:

C.1.3.6
Adaptation to Packet Loss

When the MTSI client detects packet losses higher than tolerable by the current codec mode and application layer redundancy in use (if any), then 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.  

[FFS: If application layer redundancy is to be used, its bandwidth should not exceed that of a more robust codec mode that could achieve the robustness needed for the experienced packet losses.]

Furthermore, any text in TS 26.114 that is introduced to specify how to indicate the adaptation capability of the MTSI client would refer to this, and possibly other, clauses in Annex C that describe MTSI client adaptation procedures.

6.2.2
<Other Solutions>
6.3
Conclusion

7
Adaptation Capability Indication
7.1
Description

7.2
Potential Solutions

7.2.1
SDP Indication
A new SDP parameter (e.g., “adapt”) can be defined to indicate that the MTSI client receiver supports adaptation to the most robust codec mode, i.e., that the UE will request the sender to change its encoder to a more robust mode when it detects packet losses.

The “adapt” SDP parameter is necessary so that the UEs and network can confirm that the MTSI clients will be able to adapt to the most robust codec mode negotiated for the session.  When the parameter is sent by an MTSI client in SDP (Offer or Answer) this indicates that when the MTSI client detects high packet loss in the received media stream, the MTSI client shall request that the media sender use a more robust codec mode among those negotiated.

For the network-based solution, the PCRF can use the presence of the “adapt” parameter in SDP to determine what Max PLR to indicate to its eNB as follows:

a. If the PCRF detects the “adapt” parameter is sent from the local MTSI client served by the local eNB, then the PCRF can indicate the Max PLR for the most robust codec mode negotiated in the downlink direction to the eNB for its downlink. Otherwise, if the parameter is not detected, the PCRF indicates the Max PLR for the least robust codec mode negotiated in the downlink direction to the eNB for its downlink.

b. If the PCRF detects the “adapt” parameter is sent from the far-end MTSI client, then the PCRF can indicate the Max PLR for the most robust codec mode negotiated in the uplink direction to the eNB for its uplink. Otherwise, if the parameter is not detected, the PCRF indicates the Max PLR for the least robust codec mode negotiated in the uplink direction to the eNB for its uplink.

The Figures 7.1 and 7.2 illustrate this mechanism.
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Figure 7.1. PCRF Procedures when SDP “adapt” is included in SDP
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Figure 7.2. PCRF Procedures when SDP “adapt” is not included in SDP

[FFS: Need to clarify whether the adapt SDP parameter applies to a particular payload type or across the entire media line, including taking into account MS-MTSI operation]
[FFS: Use of adapt parameter to indicate use of most robust mode in both directions] 

[Editor’s note: Text/figures should be updated to account for possibility of other parameters than Max PLR being communicated to the eNB by the PCRF]

7.2.2
<Other Solutions>
7.3
Conclusion
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 8.1, 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 8.1 UL and DL packet loss rate depiction 
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
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 to achieve the appropriate packet_loss_rate targets.

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 8.2).  These requests for target PLRs on the UL and DL are sent directly from the UE to eNB using new RAN2 messages.
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Figure 8.2 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
Table 8.1 SDP Offer-Answer when answerer agrees with offerer and entire e2e PLR budget 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


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
Table 8.2 SDP Offer-Answer when answerer agrees with offerer and 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


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. 
Table 8.3 SDP Offer-Answer when answerer disagrees with offerer and entire e2e PLR budget is 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


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 Figure 8.1, 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 8.3).  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 8.3 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)]

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: RTCP-based signaling approach is TBD.
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