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Abstract: Propose a solution for QoS enhancement to support synchronized delivery of multiple QoS flows of the same application related to KI#1 and KI#2. 
1. Introduction/Discussion
In SA#96, WT1 for FS_XRM was revised as following in SP-220705:
“WT#1: Enhancements for supporting multi-modality service:
-	Study whether and how to enable delivery of related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) with an application to the user at a similar time, using only control plane enhancements (i.e. QoS policy coordination, PCC enhancement for the 5GS). No N3/N9 user plane impact.
NOTE 1: Any parameters provided by 5GC to NG-RAN via the Control plane need to have a clear explanation about how they are intended to be used by NG-RAN.”
With this agreed clarification of the scope, this contribution resubmits the postponed 2204390r09 and provides further details on intended usage of the proposed parameters in NG-RAN.   
[bookmark: _Hlk97032279][bookmark: _Hlk97048814]SA#149e agreed to study Key Issue #1: Policy control enhancements to support multi-modality flows coordinated transmission for single UE. and Key Issue #2: Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs. Both key issues require to study Potential enhancements to policy control to support coordination handling at the application and Whether and how interaction between an AF and the 5GS is needed for QoS policy coordination. Both key issues require delivering related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) for an application to the user at a similar time.
Observation 1: The QoS policy coordination is among multiple QoS flows of the same application in both single UE case and multiple UEs case,
Observation 2: Related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) for an application needs to be delivered to the user at a similar time in both single UE case and multiple UEs case. The exact synchronous delivery needs to be taken care by the end points and the application.
Observation 3: Related tactile and multi-modal data (e.g., audio, video and haptic data) for an application have also other dependencies with each other than just synchronous delivery. For instance, some flows may be critical to the usability of the whole application and if they fail successful delivery of other flows will not help. For example, a VR service has the basic video flow, enhancement video flow, audio flow and haptic data flow. Once the basic video flow cannot be delivered to the receiver, the basic experience of users already cannot be satisfied, so it is useless to deliver the related enhancement video flow, audio flow and haptic data flow to the receiver.
Which flows are the critical ones and which flows require synchronous delivery is only known to the application itself. However, the application would be able to express that information to the network (5GS) where the information could be translated to polices for admission control, QoS alignment and QoS fulfilment.
For multi-modality case, it is assumed that application itself knows the network delay budget for each service flow so that the flows do not need to wait for each other for playback or rendering and is in charge of synchronization between service flows. To make sure of the application synchronization, 5GS should provide required PDB for each service flow under the requirements from application.
AF could also provide alternative PDB(s) for each service flow, and association relationship between alternative PDB(s) of different service flows, so that each set of alternative PDBs also leads to desirable synchronous delivery time between the flows.In case the 5GS has to downgrade to an alternative PDB for one service flows, 5GS should choose  a corresponding alternative PDB also for all of the other service flows .
Step1: AF provides 5GS with alternative PDB(s) for each service flow, and association relationship between alternative PDB(s) of different service flows. The association relationship indicates for the chosen PDB for service flow#A, the PDBs that should be chosen for other service flows.
[image: ]
Figure 1 Association relationship between Alt. PDB of different service flows, provided by AF
Step 2：5GS binds service flow to QoS flow and creates Alternative QoS Profile for each QoS flow according to alternative PDB provided by AF.
[image: ]
Figure 2 Association relationship between AQPs of different QoS flow
Step 3：In case the PDB of one QoS flow changes, RAN chooses AQPs coordinately among QoS flows, e.g. in case AF asks for synchronized delivery between service flow#A and service flow#B, if AQP#A1 is used for QoS flow#A, AQP#B1 is chosen for QoS flow#B.
[bookmark: _Hlk97032748]This contribution proposes a solution for the enhanced interaction between AF and the 5GS and also QoS policy enhancement to support joint admission control, joint QoS fulfilment and the delivery of data from multiple QoS flows of an application in a similar time. The solution applies to both KI#1 and KI#2.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change(all new) * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc97036718]6.X	Solution #X: QoS enhancement to support the synchronized delivery of multiple QoS flows  
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc97036719]6.X.1	Key Issue mapping
Table 6.0-1: Mapping of Solutions to Key Issues
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Editor's Note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc97036720]6.X.2	Description
This solution proposes enhanced interaction between the AF and the 5GS and also QoS policy enhancement to support the delivery of data from multiple service flows (mapped to QoS flows) of an application in a similar or compatible delay (PDB of the QoS flow). Similar or compatible here mean that when each flow is delivered with its delay requirement, the receiving application can play out or render the data from each flow with minimum buffering or waiting time between the flows. The exact synchronous playout or rendering is handled by the application itself using, e.g., RTP time stamps. The compatible delays are kept even if the 5GS has to downgrade any of the flows to alternate QoS profile with a longer PDB by downgrading also the other flows’s corresponding alterative QoS PDBs.
The solution also proposes enhanced interaction between the AF and the 5GS that allows AF to provide the 5GS policy information about the service flows with respect to which flows are critical to the usability of the application and if they fail either at admission phase or while being delivered (e.g., even downgrade to a lower alternative QoS profile is no longer possible), successful admission or delivery of any of the other flows will not help. The 5GS can use this information for its admission control and QoS fulfilment decisions at both CN and RAN level.
For an application, service flows requiring coordinated delivery are grouped into a service flow group. Each service flow group has group level treatment requirements used for associated control of the service flows in the group, e.g., delivery of data to the receiver at a similar time. Each service flow can also be declared as critical within the group meaning its failure will render the application unusable. Each flow in the service flow group still has its own QoS requirements which is mapped to a QoS profile such as 5QI, ARP, PDB, PER, etc, and optionally a set of ordered alternative QoS profiles (AQPs). 
For each group of service flows of an application, AF provides service flow association requirements to 5GS via interactions between AF and PCF. The service flow association requirements indicate association among a group of service flows of the application, and associated control between these service flows. The service flow association requirements consist of a service flow coordination group ID and group level treatment requirements for a group of service flows. The service flow coordination group ID is for identifying a group of service flows, and the group level treatment requirements include information for associated control of service flows in the group, e.g., information for for flow criticality forjoint fulfillment of admission control/resource allocation purposes and information for indicating synchronized delivery of service flows to the receiver side. 
PCF maps the service flow coordination group to QoS flow coordination group in the 5GS and derives associated group level treatment policy in the network based on service flow association requirements. 
PCF can provide PCC rules with group level treatment policy for service flows in the group, where the group level treatment policy/requirement may include the following information:
1. Synchronized delivery and joint QoS fulfilment information, including an ordered list of PDB values per service flow in the coordination group. SMF derives the QoS profile and AQP(s) of each QoS flow based on ordered list of PDB values. The AQPs of the QoS flows in the group with the same order number are mapped AQPs, which means they are associated with each other. When PDB values have been chosen in such a way that when the PDB in the same position is chosen for each flow, the flows are delivered to the recipient in a synchronized manner, i.e., with a similar end-to-end delay.  

2. Joint admission control and resource allocation information, indicating associated resource allocation in 5GS among service flows. For example, once a service flow or a certain percentage of the service flows in a group cannot be allocated with the network resource due to poor network condition, the others do not need to be allocated to save the network resource and thus they should be treated jointly. 
Each service flow in a service flow group is treated as individual QoS flow without aggregation, and based on the PCC rule, SMF could derive QoS profile and AQP(s) for each QoS flow.
The network fulfills the QoS alignment requirement in the QoS flow coordination group based on the group level treatment policy in addition to the fulfillment of the QoS requirements of each individual QoS flow. 
Alternatively, SMF/PCF may use such group level treatment policy for PDU session management decisions. E.g., release the other QoS flows in the coordination group in case admission control/QoS fulfillment of one of the QoS flow fails.
Joint admission policy can be enforced in 5GS as explained in 6.X.3.2 and 6.X.3.3, where each flow is separately admitted but if a new critical flow cannot be admitted, the 5GS can also release the earlier admitted flows in the group. Providing RAN more information about the QoS flows that should be considered for joint admission proactively during the setup of the first QoS flow allows RAN to further optimize its flow group admission decision and resource reservation. This procedure however requires Core Network Functions (PCF, SMF) to get all the service flow information before proceeding towards the RAN. This optimization is described in 6.X.3.4 with additional CN impacts listed in 6.X.4.    
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc97036721]6.X.3	Procedures
[bookmark: _Toc20204215][bookmark: _Toc27894907][bookmark: _Toc36191987][bookmark: _Toc45193077][bookmark: _Toc47592709][bookmark: _Toc51834796][bookmark: _Toc91153829]6.X.3.1	Enhanced interaction between AF and 5GS for QoS policy coordination among multiple QoS flows
AF provides service flow coordination group ID together with group level treatment requirements to PCF via NEF using the procedure of setting up an AF session with required QoS. The AF can provide the requirements and information of all of the service flows in a group with a single request or using multiple requests. If there are service flows related to multiple UEs, the request contains flow information for each UE. 
The AF can provide updates to the service flow information or group policy in update requests. If the AF provides or adds service flows in separate requests, joint admission control/resource allocation can be performed not at one specific point of time but still in a joint manner in that failed admission of one service flow can affect the corresponding actions on already established and to-be-established service flows in the same service flow group.
[bookmark: _1721827695][bookmark: _MON_1722409074][bookmark: _MON_1722346115]
Figure 6.X.3-1: Setting up an AF session with required QoS procedure
1. The AF sends single (1a) or separate (1b) requests to reserve resources for an AF session using an extended Nnef_AFsessionWithQoS_Create request message (AF Identifier, one or multiple UE identifiers, Flow description(s), QoS reference, (optional) Alternative Service Requirements (containing one or more QoS reference parameters in a prioritized order and the order of QoS reference parameters is used as association relationship between QoS reference parameters of different service flow), service flow coordination group ID, group level treatment requirements to the NEF. 
NOTE: The UE identifier could be UE IP address or GPSI.
The group level treatment requirements may include joint admission and joint QoS fulfilment policy for the flows in the group. The policy can indicate that the admission and/or QoS fulfilment is to be failed if it fails for any or certain percentage of the flows in the group or any of the flows in the group indicated as critical or choosing AQP for each QoS flow coordinately based on the order of AQPs of different QoS flows.
The group level treatment requirements may include synchronized delivery requirement for flows in the group. 
2. NEF performs authorization of the single or separate AF requests. It continues with step 3 if the request is authorized and continues with step 5 is the request is not authorized. 
3. The NEF discovers the PCF and interacts with the PCF by triggering single or separate Npcf_PolicyAuthorization_Create requests for the UE(s) included in the AF’s request. In the request to the PCF the NEF provides AF Identifier, UE address(es), Flow description(s), the QoS reference, and the optional Alternative Service Requirements (containing one or more QoS reference parameters in a prioritized order and the order of QoS reference parameters is used as association relationship between QoS reference parameters of different service flow), service flow coordination group ID, and group level treatment requirements. PCF uses this information to issue policy rules for the service flows in the request together. PCF also uses this information to check if there is already established service flows using the same service flow coordination group ID, in which case PCF treats the received request together with the existing policy rules for the service flow coordination group. 
4. PCF responses to NEF whether the group level policy is authorized or not.
5. NEF responses to AF whether the request is granted or not.
6.X.3.2	Procedure to distribute coordination group ID and group level treatment policy in 5GS 
PCF derives the group level treatment policy for each service flow coordination group based on the group level treatment requirements from the application, and SMF maps the service flow coordination group to QoS flow coordination group in the 5GS. Each service flow in a service flow group should be treated as individual QoS flow without aggregation.
PCF distributes the service flow coordination group ID and group level treatment policy in 5GS using the following procedure. SMF is responsible for providing the information to individual RAN Nodes with the PDU Session modification procedure, which is separate for each UE or PDU Session involved.  


Figure 6.X.3-2:  coordinated delivery of multiple QoS flows
1. PCF provides service flow coordination group ID and group level treatment policy to SMF using the existing session management policy association procedure (e.g., SMF policy association modification procedure). This happens with a separate procedure for each PDU session using the flow coordination group ID as a correlator that allows SMF to combine all the policies. 
[bookmark: _GoBack]2. If the PCC rule contains a service flow coordination group ID, SMF binds the PCC rule to separate QoS Flows and no other PCC rule is bound to this QoS Flow. 3.-4. SMF provides QoS flow coordination group ID, QoS profile, Alternative QoS Profile (including association relationship information with AQPs of other QoS flows in the group) and group level treatment policy further to RAN via AMF as part of session management information per UE using the existing single PDU session modification procedure.
For QoS alignment and joint QoS fulfilment policy, it is enough if RAN gets the information of each QoS flow in the group independently. 
5.  RAN used the information provided by SMF to apply admission control.
6-7. RAN sets up the AN resource and update the session context accordingly.
8 RAN use the informatio provided by SMF to apply QoS fullfillment.
9. RAN sends notification via QoS Parameter Notification Control. And SMF/PCF adjusts QoS parameters for other flows in the group based on group level treatment policy.
For multiple UE case: Based on the newly selected QoS parameter from received from QoS Parameter Notification Control, AF/PCF/SMF adjusting QoS parameters or release service flows for other UEs via the procedure defined in 6.X.3.1 and 6.X.3.2. 
According to the above procedures, the RAN/SMF/PCF can identify the QoS flows in the same QoS flow coordination group and apply the group level treatment policy, e.g., AQP level alignment to ensure synchronized delivery, joint QoS fulfilment, joint admission control/resource allocation among the QoS flows. 
6.X.3.3	Procedure to handle group level treatment requirements in RAN 
Group level treatment requirements (joint admission control, joint QoS fulfilment, AQP level alignment) can be performed at SMF/PCF for a single or multiple UEs. In the former case, PCF can notify AF on the received result whereas in the latter case, SMF can make PDU session management decisions according to the notification from RAN and PCF can decide on group level treatment policy update to be applied by the RAN in addition to notifying AF.
· RAN performs admission control for each received PDU session modification request following the current procedures assisted by the flow group treatment policy information.  
In case one or more of the QoS flows cannot fulfil its QoS requirements, based on communication with SMF/PCF/AF and assisted by the flow group treatment policy information, PDU session modification with QoS flow modification or termination can be performed.
6.X.3.4	Procedure to provide RAN additional information about all QoS flows to be considered for joint admission
As depicted in the procedures in 6.X.3.1, 6.X.3.2 and 6:X.3.3, it is possible for 5GS to enforce a joint admission control policy for service flows requested by an AF with a common flow group coordination ID by handling and admitting them one by one until a new critical flow cannot be admitted, at which point 5GS can release (or lower the retention priority) for the flows within the same group admitted earlier.
This requires that the AF requests the service flows from the 5GS together. This can be done either by placing them all within a single request (as in 6.X.3.1 option 1a) or within a batch of separate but correlated requests (as in 6.X.3.1 option 1b). The AF must perform the request batch within a specific narrow time window, in practice as back-to-back requests. The requests in the batch need a further correlation ID beyond just the flow group coordination ID. This new correlation ID is called the batch correlation ID and it also includes the information of how many requests or service flows the full batch contains. This allows the receiving NF to be able to know when it has received the full batch of requests or flows.
For the procedure in 6.X.3.1 this requires for the multiple request option between AF and NEF and NEF and PCF the additional of the batch correlation ID and the information or the number of requests or service flows within the batch. The receiving NF, i.e., NEF or PCF, respectively, does not proceed until it has received all the requests or service flows in the batch, or fails the requests if it does not receive all of them within a specific time.
For the procedure in 6.X.3.2 this requires a similar batch correlation ID and information about the number of requests or service flows between the PCF and SMF. SMF does not proceed with PDU Session modifications until it has received the full batch or fails the requests if it does not receive all of them within a specific time.
After receiving the full batch, the SMF determines how many QoS flow additions or modifications per each RAN Node the batch contains. When issuing the PDU Session modification requests towards each RAN Node, the SMF includes in each request in addition to the flow group coordination ID and the flow group level treatment policy (which indicates if a certain flow is critical for admission) and the total number of critical QoS flows as a new parameter. 
NOTE: Separate batch coordination IDs and request or flow counters between AF and NEF, NEF and PCF, and PCF and SMF are needed in the general case that multiple PCFs and SMFs may be supported for a flow coordination group, otherwise the same batch ID and information can be carried even all the way from AF to SMF. Also, only if it is assumed that UEs involved in the flow coordination group can be served by different RAN Nodes, the SMF needs to determine the number of critical QoS flows per RAN Node, otherwise the information provided by PCF (or even AF) can be directly used.
If a new critical service flow is added to the flow coordination group by the AF at a later stage, it would not share the same batch correlation ID and would be handled according to the default procedure in 6.X.3.2.
[bookmark: _MON_1720333833][bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc97036722]6.X.4	Impacts on services, entities and interfaces
AF
· Uses extended Nnef_AFSessionWithQoS API to provide group level treatment requirements to a group of flows. The flow grouping is indicated by a unique flow group coordination ID. The extended API allows AF to request a QoS reservation for a group of service data flows across multiple UEs and ask group level treatment policies such as joint admission and joint QoS fulfilment for them. AF is provided results of the requests on the level of the whole group.
· Handling of joint admission with knowledge of all critical flows requires AF to provide all requests to NEF with service flows subject to joint admission in a single request or in a batch of correlated requests.
NEF
· Supports extended Nnef_AFSessionWithQoS API to provide group level treatment requirements to a group of flows. The flow grouping is indicated by a unique QoS flow group coordination ID. Provides the group level treatment policy and the QoS flow group coordination ID to PCF.
· Handling of joint admission with knowledge of all critical flows requires NEF to provide all requests with service flows subject to joint admission to PCF in a single request or in a batch of correlated requests.
· 
PCF
· Supports and enforces group level treatment policy for the group of flows sharing the same QoS flow group coordination ID. Provides information about the group level treatment policy to SMF, and via SMF to RAN. Adjust QoS parameters for flows in the group according to group level treatment policy. 
· Handling of joint admission with knowledge of all critical flows requires PCF to provide all policy updates with service flows subject to joint admission to SMF in a in a batch of correlated updates.
SMF
· Provides the QoS flow group coordination ID , group level treatment policy to RAN. Adjust QoS parameters for flows in the group according to group level treatment policy.
Handling of joint admission with knowledge of all critical flows requires SMF to determine the total number of critical QoS flows within QoS flow coordination group per RAN Node and provide the total number critical QoS flows to RAN.
RAN
· reception of new IE
No impacts to UE, UPF. 

* * * * End of changes * * * *
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