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1. Introduction
[bookmark: _Toc352077766]This contribution provides evaluation of the solutions documented in the FS_XRM TR 23.700-60 for Key Issue #1 and Key Issue #2 and proposes conclusions for those two key issues.
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]This paper proposes the following updates to TR 23.700-60 clause 7 (all new text) with respect to the evaluation of solutions and conclusions for Key Issue #1 and Key Issue #2, and clause 8 (all new text) with respect to conclusions on those two Key Issues. Both key issues #1 and #2 are evaluated and concluded together as they are closely related and several solutions aim at resolving both key issues.

* Start of changes all new* 
[bookmark: _Toc49966755][bookmark: _Toc50390314][bookmark: _Toc50450156][bookmark: _Toc50450368][bookmark: _Toc50451590][bookmark: _Toc50451802][bookmark: _Toc50464482][bookmark: _Toc54378876][bookmark: _Toc54776470][bookmark: _Toc57373211][bookmark: _Toc73524093][bookmark: _Toc75324078]

[bookmark: _Toc97526930][bookmark: _Toc101526314][bookmark: _Toc104883168]7	Overall Evaluation
Editor's note:	This clause provides evaluations of different solutions.

7.x Evaluation of KI#1 and KI#2
Solution #1: This solution addresses KI #1. It extends the Nnef_AFSessionWithQoS service API for AF to provide multi-modal flows information and a delay difference threshold parameter. AF can also provide alternative QoS profiles if the flows are GBR. PCF receives the same information and derives the coordinated delivery policy. PCF also performs QoS monitoring on the individual QoS flows within the group of QoS flows mapped from multi-modal service flows and compares its results with the delay difference threshold parameter to either adapt to another alternative QoS profile, if provided, or notifies the AF. The means for enforcing to stay below or above threshold are not specified. “Allowed range” is mentioned in the solution; however, it is not clear how this is provided to or derived by 5GS.
Solution #2: This solution addresses KI #2. The solution provides a mechanism for coordination among multiple PCFs serving different AF sessions. PCFs are preconfigured with group policies and subscribed to each other for notification on receival of XRM service related QoS policy requirements. Therefore, a PCF can receive multiple service requests regarding the policy derivation for a UE from AF and PCF(s). Upon receiving requests, PCF selects a group policy for a UE if the group policy complies with all the requests. Failing this, PCF selects the group policy that has the highest priority among the group policies that comply with one or multiple of the requests. Coordination among involved PCFs is done via direct PCF-PCF communication which can impact the performance in terms of signalling when more than two PCFs are involved. 
Solution #3: This solution addresses KI #2. It is proposed that group policy information, internal group identifier (indicating the internal group identifier of the) and priority level (indicating the priority of a UE within the group of UEs) parameters are stored in the UDR. Internal group identifier is used to ensure that the same PCF is selected for the group of UEs. Same PCF selection may not always be an option for load balancing purposes. Also, whether it is feasible to select one PCF is left as an editor’s note.
Solution #4: This solution addresses KI #2. AF is allowed to send in a single request to NEF a group of flow descriptions, QoS reference, UE address, multi-modal service provider ID, multi-modal data flows group ID for the coordinated delivery of XRM applications. It is assumed that multiple UEs can be served by different PCFs. A cross-PCF coordination mechanism is enabled via BSF where PCF profiles are stored with the received information from AF and each involved PCF can discover and subscribe to other PCFs under the same multi-modal data flows group ID to coordinate the PCC rules. The coordination among PCFs seem signalling heavy as it is bound by individual discovery and update procedures.
Solution #36: This solution addresses KI #1. In this solution, AF provides a group of flow descriptions and QoS requirements together with “Handling Together Indication” parameter through NEF (Nnef_AFSessionWithQoS service API) to PCF. “Handling Together Indication” indicates that the provided group of flows need to be handled together. PCF derives the required QoS parameters and authorizes all QoS requirements corresponding to the group of flows as a whole. This means only when all QoS requirements for the whole group of flows are authorized, PCF generates policies for the group of flows including the “Handling Together Indication” parameter and provides them to SMF. SMF handles the group of flows as a whole and only when all the PCC rules are authorized for the whole group of flows, SMF performs the binding. An all fail or all success approach is strict and may not be applicable for wide variety of XRM applications. It would be preferred if either such actions are left to AF or further information on the criticality of a flow within the multi-modal flows is provided to 5GS.
Solution #37: This solution addresses KI #2. AF is enabled to store group policies including group policy identifier, flow descriptions, QoS references, UE addresses, etc. at UDR. It is assumed that there can be multiple PCFs involved in the multi-modal service delivery for which the policy coordination (e.g., same PDB, priority) is enabled by UDR on a subscribe-notify basis. Flow description information before PDU session establishment may not be available which restricts the applicability of this solution. The solution also mentions “latency threshold” and “latency difference thresholds” as additional parameters configured with group policies; however, it is not specified how these are used in 5GS.
Solution 38: This solution addresses KI #1 and #2. UDM is assumed responsible for assigning a coordination identifier to UE(s)’ identity(-ies) and storing flow descriptions, QoS references at UDR based on the request from AF via Nnef_ParameterProvision API. Depending on UE IP address being known, information can be provided during PDU session establishment or modification procedures. PCF communicates with UDM for deriving policies. It is also assumed that coordination identifier can be used for same NF (SMF/PCF/UPF) selection. Flow description information before PDU session establishment may not be available which restricts the applicability of this solution.
Solution #39: This solution addresses KI #1. It is proposed that URSP information is configured and/or updated with the Traffic Descriptor information including XRM application information, such as domain descriptors, application descriptors to ensure that the same PDU session is used for delivering XRM application traffic. PCF updates URSP information after UE policy association establishment and/or modification based on local configuration or operator policies. Such updated URSP information is provided to UE by PCF through UCU procedures. The solution does not address how the coordinated delivery, i.e., the key issue, is performed.
Solution #40: This solution addresses KI #1 and #2. In this solution, synchronization of multi-modal flows is left to application layer, where use of ​SIP and SDP for session establishment, ​RTCP for synchronization among multiple flows, and ​SDP grouping framework for defining mid-attribute and flow identification for associating multiple flows is suggested.​ 5GS coordination is enabled via two options​: IMS framework extension with mid-attribute and flow identification or AF provides mid-attribute and flow identification via AF session setup with required QoS procedure​. The impact on NEF is not addressed in case of option 2.
Solution #62: This solution addresses KI #1 and #2. It makes use of application layer mechanisms to address the synchronized delivery, specifically with RTCP and common wall clock time enabled either via RTCP or 3GPP mechanisms for multiple UE case. For multiple UE case, coordination with 5GS is enabled with an additional attribute that characterize the service data flows, Multi-modality Communication Identifier, provided by AF. It is not mentioned how the identifier is used in 5GS. Also, SIB9 is an optional signalling but how this is enforced for XRM services is not mentioned.
Solution #63: This solution addresses KI #1 and #2. The solution assumes that IMS mechanism can be used for coordinated delivery of video and audio applications whereas a coordination between AF and 5GS is proposed for XRM application that may include other media types. It is argued that multi-modal flow that belong to the same group must be successfully established and their QoS requirements must be fulfilled together. For this, AF is enabled to provide group of flow description, QoS requirements and necessity information (indicating which flows within the group of flows are necessary). Enabling coordination mechanism in 5GS for single UE and AF for multiple UEs results in a complex mechanism and it may create race conditions in case of AF and 5GS generates conflicting updates.
Solution #64: This solution addresses KI #2. It is assumed that different UEs may be served by different PCFs and coordination among PCFs regarding coordinated delivery of multi-modal flows is ensured via NEF. Such coordination also includes additional parameters (flow group coordination identifier and batch information) to be provided by AF either in a single request or multiple requests to indicate to each PCF that the information on all service flows is received before proceeding with policy update procedures towards SMF. Coordination among multiple PCFs being performed by NEF enables an efficient mechanism in terms of signalling as NEF has the complete view on the XRM session(s) due to its interaction with AF.
Solution #65: This solution addresses KI #1 and #2. It proposes that AF provides flow group coordination identifier, group level treatment requirements apart from QoS requirements, flow descriptions, etc. Each service flow can be associated with a criticality indication. Group level treatment can include synchronized delivery indication (which can further include an ordered list of alternative QoS references) and joint admission control. Based on the received information PCF can derive proper policies and take part in ensuring group level treatment requirements by monitoring the admission result as well as QoS fulfilment of the flows within the flow group. It is also assumed that RAN can also be provided with the flow group coordination identifier, group level treatment requirements to ensure the group level treatment requirements fulfilment. Additional parameters “criticality” and “joint admission control” as well as coordination with RAN on this enable further optimization in the network in terms of resource allocation and signalling latency.
Solution #66: This solution addresses KI #1 and #2. It proposes that AF assigns a service flow group identifier to associate the different UEs belonging to the XR application as well as to monitor the serving NFs and NG-RANs for the multiple UE case. AF is enabled to store the group policies at PCF or UDR via provisioning procedures which contain required threshold of delay difference parameter. The threshold parameter is used by NG-RAN and UPF to schedule the packet delivery accordingly. It is mentioned that the same SMF and UPF are selected for the UE(s) consuming the XRM application; however it is left as FFS on how this is enabled. Preconfiguration of policies restricts the applicability of this solution where flow description information before PDU session establishment may not be available.
Overall Evaluation:
Solutions #1, #36, #39 address KI #1, solutions #2, #3, #4, #37, #64 address KI #2, and solutions #38, #40, #62, #63, #65, #66 address KI #1 and KI #2. 
Many solutions (#1, #4, #36, #40, #62, #63, #64, #65) enable the coordination between AF and 5GS after a PDU session is established which allows the flow description information to be available. 
An identifier enabling the 5GS to associate different multi-modal flows and/or UEs within an XRM application service is seen essential by large number of solutions (#3, #4, #38, #40, #62, #63, #64, #65, #66). 
Additional parameters for the 5GS to consider for synchronized delivery, such as criticality/necessity/priority and delay/latency difference threshold are proposed by some solutions (#1, #3, #37, #63, #65) to provide further control in 5GS optimizing latency performance. 
Additional parameters for the 5GS, such as criticality/necessity/priority and joint admission control to provide further optimization in the network are considered by some solutions (#3, #63, #65). 
RAN impact is considered by some solutions (#63, #65, #66) to provide faster reaction times regarding the coordinated delivery of XRM application.
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