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[bookmark: _Hlk526665839][bookmark: _Hlk99049711]Abstract of the contribution: This paper proposes a new solution for KI#2 addressing the case where a multi-modal service is comprised of traffic flows related to multiple UEs and the UEs are served by multiple PCFs
Discussion
Proposal
It is proposed to capture the following changes vs. TR 23.700-60.

* * * * First change * * * *
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc97526924][bookmark: _Toc101526076][bookmark: _Toc104882766][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	
	Key Issues

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	#1:Tactile and multi-modality traffic flows coordination transmission for one UE
	X
	
	
	
	
	
	
	
	

	#2: Group policy for Multi-modal Traffic among Multiple UEs
	
	X
	
	
	
	
	
	
	

	#3: Same PCF selection for Multiple UEs with XRM services
	
	X
	
	
	
	
	
	
	

	[bookmark: _PERM_MCCTEMPBM_CRPT72080000___7]#4：QoS policy coordination for multiple UEs' QoS flows
	
	X
	
	
	
	
	
	
	

	#5: Exposure of the UE data rate, normal data transmission interruption event and congestion information
	
	
	X
	
	
	
	
	
	

	#6: Mean bit rate change report
	
	
	X
	
	
	
	
	
	

	#7: Identification and importance of packets in PDU set
	
	
	
	X
	X
	
	
	
	

	#8: Introduction of PDU Set information in RTP extension header and related QoS parameters
	
	
	
	X
	
	
	
	
	

	#9: GTP extension header for PDU Set Sequence Number, and, Number of PDUs in the PDU Set
	
	
	
	X
	
	
	X
	
	

	#10: different bearers for PDUs with different importance levels
	
	
	
	X
	X
	
	
	
	

	#11: Handling PDU Set within QoS flow
	
	
	
	X
	X
	
	
	
	

	#12: PDU Set integrated QoS handling
	
	
	
	X
	
	
	
	
	

	#13: DL data handling
	
	
	
	
	X
	
	
	
	

	#14: PDU Set integrated packet handling
	
	
	
	X
	
	
	
	
	

	#15: Leverage RTP layer info for PDU Set handling
	
	
	
	X
	X
	
	
	
	

	#16: RTP/SRTP based PDU Set identification
	
	
	
	X
	X
	
	
	
	

	#17: Sub QoS Flow based QoS and PCC Architecture
	
	
	
	X
	X
	
	
	
	

	#18: PDU Set Identification and Marking
	
	
	
	X
	X
	
	
	
	

	#19: Application-aware QoS
	
	
	
	X
	X
	
	
	
	

	#20: UPF based PDU Set identification
	
	
	
	X
	
	
	
	
	

	#21: PDU Set ID in the GTP-U header
	
	
	
	X
	
	
	
	
	

	#22: N6 tunnelling and GTP-U header extension for conveyance of PDU Set-related information
	
	
	
	X
	X
	
	
	
	

	#23: PDU set related packet handling enhancements
	
	
	
	X
	
	
	
	
	

	#24: Support differentiated QoS Handling for different PDU Sets
	
	
	
	
	X
	
	
	
	

	#25: PDU Set QoS Profile, QoS Flow parameters and QoS Characteristics
	
	
	
	X
	X
	
	
	
	

	#26: Provisioning XR traffic configuration to 5GS
	
	
	
	X
	X
	
	
	
	

	#27: RT latency split for two QoS flows used for UL and DL respectively
	
	
	
	
	
	X
	
	
	

	#28: RAN split RT latency for single QoS flow
	
	
	
	
	
	X
	
	
	

	#29: Two Way Delay Budget
	
	
	
	
	
	X
	
	
	

	#30: Policy enhancements to minimize jitter
	
	
	
	
	
	
	X
	
	

	#31: 5GS Policy enhancements to minimize the jitter
	
	
	
	
	
	
	X
	
	

	#32: Periodicity Jitter Control for XRM Service
	
	
	
	
	
	
	X
	
	

	#33: Support of CDRX enhancement for power saving handling
	
	
	
	
	
	
	
	X
	

	#34:5GC and UE Assistance to RAN for CDRX Optimization
	
	
	
	
	
	
	
	X
	X

	#35: Provision of conditional QoS profile(s)
	
	
	
	
	
	
	
	
	X

	[bookmark: startOfAnnexes]#36:Handling multiple QoS flows of one UE together
	X
	
	
	
	
	
	
	
	

	#37: Policy coordination for multiple UEs in multiple PCFs
	
	X
	
	
	
	
	
	
	

	#38: Flow Association Using a Coordination Identifier
	X
	X
	
	
	
	
	
	
	

	#39: URSP enhancement for same PDU session selection of XRM service
	X
	
	
	
	
	
	
	
	

	#40: Application layer-based media synchronization
	X
	X
	
	
	
	
	
	
	

	#41: Use of ECN bits for L4S to enable codec/rate adaptation to meet requirements for services
	
	
	X
	
	
	
	
	
	

	#42: Exposure of round-trip delay to support XR/media enhancements
	
	
	X
	
	
	
	
	
	

	#43: Information Exposure to AF for XR/media Enhancements
	
	
	X
	
	
	
	
	
	

	#44: XRM AF driven Quick QoS Notification Control
	
	
	X
	
	
	
	
	
	

	#45: Information Exposure to AF for XR/media Enhancements
	
	
	X
	
	
	
	
	
	

	#46: Use of ECN marking for L4S for scalable congestion control and meet requirements for services
	
	
	X
	
	
	
	
	
	

	#47: Delay Difference and Delay Notifications and Reports
	
	
	X
	
	
	
	
	
	

	#48: Enhanced Notification of Rata Adaptation Request
	
	
	X
	
	
	
	
	
	

	#49: PDU set integrated handling for UPF/UE
	
	
	
	X
	
	
	
	
	

	#50: Relative QoS within a PDU Set
	
	
	
	X
	X
	
	
	
	

	#51: Handling of the PDU Set
	
	
	
	X
	
	
	
	
	

	#52: Consolidated Solution for PDU Set based QoS framework
	
	
	
	X
	X
	
	
	
	

	#53: PDU Set transmission coordination between RAN and UPF
	
	
	
	X
	
	
	
	
	

	#54: Identification and processing of PDU set by interworking between Application and 5GS
	
	
	
	X
	X
	
	
	
	

	#55: PDU Set based services using MASQUE
	
	
	
	X
	X
	
	
	
	

	#56: PDU Set integrated packet handling with QoS differentiation
	
	
	
	X
	X
	
	
	
	

	#57: Negotiation of details of marking mechanisms for AS to UPF communication
	
	
	
	X
	X
	
	
	
	

	#58: Support for application packet information for CDRX enhancements
	
	
	
	
	
	
	
	X
	

	#59: Assistance information needed for power savings in NG-RAN
	
	
	
	
	
	
	
	X
	

	#60: End of Burst Indication
	
	
	
	
	
	
	
	X
	

	#61: Policy Determination Considering UE Battery Level
	
	
	
	
	
	
	
	
	X

	#x: NEF based coordination across multiple PCFs for multi-modal flow groups with multiple UEs
	
	X
	
	
	
	
	
	
	



[bookmark: _Toc517082226]* * * * Second change (all new) * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc97036718]6.X	Solution #X: NEF based coordination across multiple PCFs for multi-modal flow groups with multiple UEs  
[bookmark: _Toc101526088][bookmark: _Toc104882778][bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc97036720]6.X.1	Key Issue mapping
This solution addresses KI#2: Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs.
6.X.2	Description
Multi-modal services may be comprised of multiple traffic flows related to multiple UEs. The 5GS is expected to be able to apply common policies for the group of flows such as joint admission or aligned QoS fulfilment upon a request by an AF. 
This solution assumes that the UEs involved in the multi-modal service with a flow group policy may be served by multiple PCFs. In order to enforce joint admission or aligned QoS fulfilment policies the PCFs need to coordinate. In this solution the coordination is performed by NEF, who receives the AF request(s) with the service flows and the flow group policies, discovers the PCFs involved, passes updates/notifications between the PCFs and provides the overall updates/notifications back to the AF. This way, the coordination on events such as QoS fulfilment failures across flows related to different UEs even served by different PCFs does not need to be done to the AF but can be handled directly within the 5GS based on the polices provided by the AF. This simplifies the AF implementation and reduces signalling between the AF and the 5GS.
It is further assumed that for the enforcement of joint admission control policies within the flow group, it may be beneficial for the SMF and the RAN to receive information on all flows subject to the policy before making admission decisions. For this purpose, this solution also includes a mechanism by which each PCF knows it has received information about all service flows that should be considered together before proceeding with policy updates about them to the SMF.
The AF-NEF interface may operate in either or both of these ways: 
1. AF can include all service flows related to all UEs in a single request. In this case the NEF parses the request and makes a separate PCF discovery for each UE. 
2. AF makes a separate request for each UE correlated by a common flow group coordination ID and a common request batch indicator which will identify the requests AF does in a batch (at the same time or back-to-back) and their amount so that the NEF knows which requests should be taken into account for joint admission. In this case the NEF discovers PCF separately for AF each request but will wait until it has received the full batch of AF requests before proceeding towards the PCFs. 
NOTE: It does not seem necessary to support both options so one of them should be selected but that is beyond the scope of this solution.
In NEF-PCF interface only single UE specific operations are supported, again correlated by a common flow correlation group id and batch information. If a PCF is serving multiple UEs included in AF request (or batch of requests), the NEF will make multiple requests to that PCF indicating their number in the batch information, so that the PCF will know when it has received the full batch. PCF will only proceed after receiving the full batch in order to allow joint admission for all flows in that batch in the RAN. The NEF also passes the full group policy including all UEs and all flows to each PCF even if the PCF is not responsible for all UEs.
NOTE: The batch mechanism and PCF waiting for the full batch is not necessary if RAN does not require information on all service/QoS flows to be considered for joint admission at the same time but also that is beyond the scope of this solution.
[bookmark: _Hlk112165732]For joint admission and aligned QoS fulfilment, each PCF will be able to take the flow group policy into account.  It sends the replies/notifications on admission and QoS fulfilment events concerning those UEs to the NEF. The NEF will forward the reply/notification information from one PCF to all other PCFs, which can based on that apply the group policy also based on information from the UEs they are not serving. 
NEF also passes the replies/notifications to the AF. In case AF has used just a single request covering multiple UEs, NEF combines the replies/notifications received for individual UEs and provides the overall result to the AF (but can still provide also UE-specific information to the AF). Otherwise, AF receives replies/notifications for each UE separately.
6.X.2	Procedures
6.X.3.1 Procedure for coordination between Multiple PCFs facilitated by NEF 
In case the flow coordination group has service data flows associated with multiple UEs, it is possible that even multiple PCFs are involved. For that case, coordination between PCFs can be anchored at NEF. The following procedure describes that scenario.
In this message flow, UE1 and UE3 share a common PCF namely PCF1, while UE2 is served by PCF2. In this message flow, a single request from AF including multiple UEs is made but the explanation covers also the case when AF sends UE specific requests.




Figure 6.X.3-1: Coordination across multiple PCFs

1. PDU session established for each UE 
2. AF sends Nnef_AFsessionWithQoS_Update request message towards NEF for a group of service flows related to multiple UEs. The AF includes the following information in its request: Multiple UE identities, related to each UE a set of Service flow descriptions and their QoS requirements, and flow group policies that apply across service flows. 
In case AF sends a separate request for each UE, each request contains a common flow group correlation ID and common batch correlation information which indicates which requests belong to the same batch and how many requests the batch contains.
3. NEF authorizes AF’s request(s) and discovers PCF related to each of the UEs included in AF’s request(s) as per 23.502 clause 4.15.6.6. In case AF sends multiple requests in a batch, the NEF stores the request information until it has received the full batch based on the batch correlation information. In this example call flow NEF discovers PCF1 for UE1 and UE3 and PCF2 for UE2. Based on the discovery (and flow group correlation ID and batch correlation information in case AF sent multiple requests) NEF determines how many separate UE specific Npcf_PolicyAuhorization_Create requests it has to send to each PCF to cover the whole flow coordination group. In practice, this is the number of different UEs for the group served by each PCF. The NEF can subscribe the Resource allocation status to the PCFs in the Npcf_PolicyAuhorization_Create requests. The group information and policy change event can be subscribed to the NEF by PCFs in the Npcf_PolicyAuhorization_Create responses. It can be exposure to AF, if subscribed.

In case NEF does not get the full batch of requests from the AF within a specific time, the NEF fails the requests it has received thus far with an error code indicating an incomplete batch.
NEF stores information about all the PCFs involved with the particular flow group coordination ID locally and/or in the UDSF in order to pass information between the PCFs about future events.

4. [bookmark: OLE_LINK12][bookmark: OLE_LINK13]NEF interacts with the PCF1 related to UE1 by using Npcf_PolicyAuthorization_Create request with input parameters UE1 address, UE1 ID, flow coordination group ID and policies, total number of requests for this PCF to cover the whole flow correlation group QoS reqs and Flow group policies. Based on the number of requests/UEs for the group and batch the PCF will be able to determine when it has received all requests related to the group and will only then proceed towards SMF with full information related to the group.

5. PCF1 does the Session binding but since it sees it will receive a total of 2 requests in a batch for this flow coordination group and this is just the first one, it stores the first request and does not proceed towards SMF until it has received all requests relevant for the flow coordination group.

NOTE: This logic is needed to enable appropriate admission control decisions in RAN for all QoS flows added or updated within a batch. If such admission control in RAN is not supported, PCF may proceed immediately with policy updates towards the SMF after receiving the first request. How RAN performs admission control is out of scope.

In case PCF does not get the full batch of requests from NEF within a specific time, the PCF fails the requests it has received thus far with an error code indicating an incomplete batch.


6. Similar to step 4 but with UE2 and PCF2.

7. and 8. Since PCF2 is serving only UE2 it has at this point already received all requests for the given flow coordination group ID and batch and can proceed immediately with the creation of group policy across multiple PDU sessions for UE2 and communicates with SMF including flow-group ID/policies, QoS reqs, Flow group policies: joint-admission, joint-QoS fulfilment.

9. Similar to step 4 but with UE3 and PCF1.

10. and 11. PCF1 has received all requests for the flow coordination group and batch and can proceed to create the group policy for all PDU sessions which are related to UE1 and UE3 flows. After this, PCF1 communicates with SMF regarding each flow for UE1 and UE3 providing it with flow group coordination ids, QoS reqs and Flow group policies 

12. In case of the successful joint admission:
13. PCF1 indicates the successful joint admission to NEF corresponding to UE1, UE3
14. PCF2 indicates the successful joint admission to NEF related to UE2.
15. All admission results for the flow group received, determine overall result as successful.
16. As all UEs admission control is successful, AF is informed about the successful joint admission from NEF.
17. In case of the unsuccessful joint admission scenario: 
18. PCF1 indicates the successful joint admission to NEF corresponding to UE1, UE3
19. PCF2 indicates the unsuccessful joint admission to NEF related to UE2. PCF2 includes the flow coordination group ID in the information sent to NEF.
20. [bookmark: _Hlk112074924]On the receipt of the failure from one of the PCFs, NEF based on the flow group coordination ID determines which other PCFs are serving the same group and passes the information to them. In this case the failure is received from PCF2, so the NEF will pass it to PCF1 (but not back to PCF2 who sent it). .
21. NEF informs PCF1 about the unsuccessful joint admission failure. 
22. NEF informs AF about the unsuccessful joint admission failure. 
23. In case of QoS fulfilment failure scenario:
24. Consider joint QoS fulfilment policy failure occurred in RAN for UE2, RAN will inform SMF1
25. UE2 QoS failure is informed from SMF2 to PCF2.
26. PCF2 releases all the flows related to flow coordination group ID. Failure is informed to NEF about QoS fulfilment related to UE2. PCF2 includes the flow coordination group ID in the information sent to NEF.
27. On the receipt of the failure from one of the PCFs, NEF based on the flow group coordination ID determines which other PCFs are serving the same group and passes the information to them. In this case the failure is received from PCF2, so the NEF will pass it to PCF1 (but not back to PCF2 who sent it). 
28. NEF informs PCF1 about the joint QoS fulfilment failure. 
29. NEF informs AF about joint QoS fulfilment failure.
30. and 31. UE1, UE3 release the resource flows are triggered
32. Joint failure fulfilment notification is indicated from PCF1 to NEF. Here, NEF is informed by PCF about the resources related to this joint QoS multi-modality session.

AF is able to update and add service flows and policies to a flow coordination group with new requests.  NEF and PCF treat updates in the same way as initial requests except they are considered part of a new batch and not treated atomically with the initial batch.
6.X.3	Impacts on services, entities and interfaces
The solution has the following impacts:
NEF:
· [bookmark: _Hlk111816903]NEF facilitates coordination of multi-flow group policies across multiple PCFs and for PCFs serving multiple UEs. It discovers the PCFs for all UEs involved in the flow coordinationgroup provided by the AF in a single or multiple UE specific requests. It stores information locally and in the UDR about the PCFs serving the flow coordination group in order to pass information between them about admission control and QoS fulfilment (notification control) results. It indicates to each PCF how many requests within a group the PCF should consider for joint admission and passes the results of admission successes and failures and QoS fulfilment updates and failures between the PCFs. It provides aggregated replies and notifications to the AF.
PCF: 
· Npcf_PolicyAuthorization_create API is extended to include information on how many UE specific requests the PCF should consider for joint admission so that the PCF is able to wait until it has received all of them before interacting with the SMF. The API is also enhanced to pass notifications about group policy events (joint admission success/failure, joint QoS fulfilment update/failure) between PCFs forwarded by the NEF.

* * * * End of changes * * * *
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