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1. Introduction
This paper proposes a solution for KI#2 to solve how the SEALDD layer to assist the multi-modal XR application to achieve multi-flow synchronization. 
2. Reason for Change
=========================== Reason for change for SA6#60 meeting ============================
For the issues raised during SA6#59 meeting, the related clarification is shown in following:
Issue#1: Whether the synchronization threshold for multi-modal applictaion should be provisioned through SEALDD policy configuration procedure.
Response: The synchronization threshold can be provided to SEALDD server via SEALDD policy configuration procedure, which has been capatured into pre-condition#2, instead of using the step 1 about SEALDD transmission request. 
Issue#2: The SEALDD transmission measurement procedure should involve both SEALDD layer and VAL layer.
Response: The step 7 in figure has been updated.
Issue#3: How to negotiate the SEALDD-Uu connection information for multi-modal XR application in regular transmission procedure?
Response: The combination between multi-modal conenction and regular transmission in SEALDD-S and SEALDD-Uu interface has been removed. In this version, the detailed messages/APIs are not limited, it should be determined in the normative phase. Therefore, the following two NOTEs are added:
NOTE 1 (Below step 2): The detailed APIs for SEALDD transmission request for multi-modal XR will be determined in the normative phase.
NOTE 2 (Below step 6): Whether negotiating the SEALDD-Uu connection information for multi-modal XR, by using one control plane message or mutiple message control plane messages, and the related message name will be determined in the normative phase. 
Issue#4: How the SEALDD server to interact with 5GC to satisfy the multi-flow synchronization of multi-modal application.
[bookmark: _GoBack]Response: Please see the related discussion paper in S6-241251.
=========================== Reason for change for SA6#59 meeting ============================
In the agreed KI#2 in TR 23.700-23 v 0.2.0, the following open issues are described:
-	Whether and how to support the E2E multi-modal communication flows between application clients and application servers within the application enablement layer?
-	Whether and how to support the interaction between the application enablement layer and 5G CN to manage E2E multi-modal communication flows between application clients and application servers?
According to the following three observations, this paper is proposed to solve the multi-flow synchronization based on the exsiting SEALDD architecture.
Observation#1: The multi-modal application has the multi-flow synchronization requirements, as specified in TS 22.261:
For immersive multi-modal VR applications, synchronization between different media components is critical in order to avoid having a negative impact on the user experience (i.e. viewers detecting lack of synchronization), particularly when the synchronization threshold between two or more modalities is less than the latency KPI for the application.
Proposal#1: Therefore, the application enablement layer should assist XR applictaion to satisfy the multi-flow sychonization, where the synchronization threshold cannot be exceeded between multiple flows. For example, the audio flow should not be delayed more than 50ms compared to the tactile flow. 
Observation#2: In Rel-18, the SEALDD layer has been introduced to support the data delivery over 5G network for vertical applications by intercating with N33/N5 in control plane, and N6 in user plane. Furthermore, the SEALDD server can be aware of the data transmission qulity (e.g. transmission delay) by performing the transmission measurement mechnism in clause 9.7.2.1 of TS 23.433.
Proposal#2: The SEALDD architecture can be reused to support the data delivery for multi-modal application over 5G network. By performing the transmission quality measurement for multi-modal application, the SEALDD server can determine the service flow that needs to be adjusted and the corresponding required QoS information based on the transmission quality result and the synchronization threshold.
Based on the existing SEALDD architecture, this contribution is proposed that the SEALDD layer can manage the multiple assocaited flows for multi-modal XR applciaton, and interact with 5GC to request the determined QoS to satisfy multi-flow synchronization. 
3. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-23 v0.2.0.


* * * First Change * * * *
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* * * Next Change * * * *
7.x	Solution #x: Multi-flow synchronization for multi-modal XR application
[bookmark: _Toc146875955][bookmark: _Toc13425][bookmark: _Toc20503][bookmark: _Toc30984][bookmark: _Toc26650]7.x.1	Architecture Impacts
This solution is presented based on the existing SEALDD architecture in TS 23.433 [6]. 
[bookmark: _Toc14903][bookmark: _Toc29086][bookmark: _Toc1823][bookmark: _Toc8438]7.x.2	Solution description
[bookmark: _Toc108431760]7.x.2.1	General
This solution addresses key issue #2 on E2E multi-modal communition flow, to solve how the SEALDD layer to manage the multiple association flows for multi-modal XR service to satisfy the multi-flow sychonization. 
By performing the transmission quality measurements for multi-modal application, the SEALDD server can determine the service flow that needs to be adjusted and the corresponding required QoS information based on the transmission quality result and the synchronization threshold. 
7.x.2.2	Procedure
The following figure provides a high-level procedure that the SEALDD server determines which flow(s) is needed to be adjusted for multi-modal application, and interacts with 5GC with the determined QoS information to adjust the transmission quality to satisfy multi-flow synchronization.
Pre-conditions:
1.	The VAL server discovers and selects the SEALDD server by CAPIF functions.
2. The SEALDD server has been provisioned to multi-modal XR policy including the synchronization threshold for multi-modal applictaion, as specified in TS 22.261 [2].


[bookmark: _Hlk123204071]Figure 7.x.2.2-1: SEALDD enabled multi-flow synchronization procedure
1. The VAL server sends a SEALDD Transmission request for multi-modal XR to the SEALDD server. The request includes the identifier of the application traffic (e.g. VAL service ID, VAL server ID), the SEALDD-S connection information for multiple flows from VAL server side (e.g. address/port for audio flow, address/port for tactile flow, etc).
2. The SEALDD server determines to enable data transmission and synchronization for the multi-modal application (e.g. VAL service ID, VAL server ID). The SEALDD server allocates the SEALDD-S connection information for multiple flows from SEALDD server side, and maintains the multi-flow association information for SEALDD-S interface (i.e., SEALDD-S connection information from VAL server side, and/or SEALDD server side), and sends a response to the VAL server. 
NOTE 1: The detailed message/API name for SEALDD transmission request for multi-modal XR will be determined in the normative phase.
3. The VAL client sends a SEALDD service request to SEALDD client.
4. The VAL/SEALDD client discover and select the proper SEALDD server for the VAL application.
5.  The SEALDD client sends SEALDD Transmission Connection_Establish request for multi-modal XR to SEALDD server with the SEALDD client ID, VAL server ID, VAL service ID, and the SEALDD traffic descriptor of the SEALDD client side.
6. According to the determination in step 2, if the data transmission and synchronization is enabled for the specified applictaion identifier (e.g. VAL service ID, VAL server ID), the SEALDD server sends the SEALDD traffic descriptors for multiple flows from SEALDD server side (e.g. address/port for multiple SEALDD-Uu flow) to the SEALDD client. The SEALDD server maintains the multi-flow association information for SEALDD-Uu interface (i.e., SEALDD traffic descriptor from SEALDD client side, and/or SEALDD server side).
NOTE 2: Whether negotiating the SEALDD-Uu connection information for multi-modal XR, by using one control plane message or mutiple message control plane messages, and the related message/API name will be determined in the normative phase.
7. The SEALDD server performs data transmission quality measurement in SEALDD-Uu interface based on the mapping information for multiple flow association information between SEALDD-S interface and SEALDD-Uu interface. Upon receiving the packets from multiple associated flow in SEALDD-S interface as descripted in step 2, the SEALDD server performs the packet encapsulation with sending timestamp information in the corresponding SEALDD-Uu interface, and can calculate the transmission delay measurement result of multiple associated flows after obtaining the receiving timestamp from the SEALDD client.
8. Based on the calculated transmission delay for multiple associated flow over SEALDD-Uu interface in step 7, and the synchronization threshold for multi-modal applictaion as described in pre-condition, the SEALDD server can determine the service flow(s) (i.e. address/port for SEALDD-Uu flow) that needs to be adjusted among the multiple associated flows in SEALDD-Uu interface, and the corresponding required QoS information (i.e. transmission delay).
9. The SEALDD server sends the AF request to 5GC via N33/N5 with the SEALDD traffic descriptor of the adjusted flow(s) (i.e. address/port for the adjusted SEALDD-Uu flow) and the corresponding required QoS information dertermined in step 8, by utilizing the AF session with required QoS procedure in clause 4.15.6.6 of TS 23.502 [4]. The SEALDD traffic descriptor of the adjusted flow(s) contains the address or port in SEALDD server side, and/or SEALDD client side.
After requesting the transmission quality optimization on 5G network with the required QoS for the adjusted flow(s), the multi-flow synchronization of multi-modal application can be satisfied.
[bookmark: _Toc30385][bookmark: _Toc5043][bookmark: _Toc78314761][bookmark: _Toc19733][bookmark: _Toc146875957][bookmark: _Toc13813][bookmark: _Toc532993748]7.x.3	Solution evaluation
Editor's note:	Solution evaluation is FFS.
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