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1. Introduction/Discussion
The Key issue #1 and Key issue #2 in Rel-18 FS_XRM is to study the potential policy enhancements to support the application synchronization and QoS policy coordination for multi-modal flows with a single UE or among multiple UEs.
In order to address the requirements captured in KI#1 and KI#2, a new parameter referred as synchronization indication is introduced in this solution to indicate which service data flow requires the application synchronization. Such synchronization indication from the AF can be provided for the 5GS to trigger an efficient mechanism to assist the application synchronization. In particular, this solution proposes to enhance the UPF and the UE to retrieve some upper layer header information necessary to determine transmission timestamp of each multi-modal packet, which can be provided for the AN to allocate resource on demand, so that each packet can be delivered to the user on time.  
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
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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".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[6]	3GPP TR 22.847: "Study on supporting tactile and multi-modality communication services; Stage 1".
[x]	IETF RFC 3550: "RTP: A Transport Protocol for Real-Time Applications".
* * * * Second change (all new text) * * * *
6.X	Solution #X: Leverage RTP layer info to support the application synchronization
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This solution addresses Key Issue #1 and Key Issue #2 on the potential policy enhancements to support the application synchronization.
6.X.2	Description
The intent of this solution is to propose an efficient mechanism to assist the synchronisation between the multiple streams (e.g., haptic, audio and video) of a multi-modal service in order to avoid the negative impact on the user experience.
The real-time transport protocol (RTP) documented in [x] provides end-to-end delivery services for real-time data traffic, e.g., interactive audio and video. As described in [x], an RTP session consists of two types of packets, i.e., RTP packets used to carry data with real-time characteristics and RTP control protocol (RTCP) packets used to convey control information. The compressed video and audio data can be carried in RTP packets and transmitted to multiple destinations via separate RTP sessions. In order to achieve synchronized playback of an application's audio and video, the timestamps carried in the RTP and RTCP packets can be utilized. In particular, the timestamp in the RTP header reflects the sampling instant of the RTP data packet. RTP timestamps from different media streams may advance at different rates and usually have independent, random offsets. Therefore, directly comparing RTP timestamps from different media streams is not effective for synchronization. Instead, the RTP timestamp for each media stream is paired with an NTP timestamp from a reference clock shared by all the media streams to be synchronized. This timestamp pair <RTP timestamp, NTP timestamp> is carried in the RTCP packet. Hence, the receiver can synchronize presentation of the audio and video packets according to RTP timestamps in RTP headers and the timestamp pairs in RTCP headers.
Inspired by the existing application synchronization mechanism, the 5GS can also determine a transmission timestamp based on RTP timestamp in RTP header and timestamp pair in RTCP header to support synchronization handling. 
For the DL traffic, this solution proposes to extend UPF capability to derive the transmission timestamp from the RTP timestamp in RTP packet and timestamp pair in RTCP packet, and then encapsulate the transmission timestamp into the N3 encapsulation header. According to the transmission timestamp, the AN can allocate the appropriate resource to ensure all the packets with the same transmission timestamp can be delivered to the user at a similar time.
For the UL traffic, the UE can also derive the transmission timestamp from the RTP timestamp in RTP packet and timestamp pair in RTCP packet. Subsequently, the UE interacts with the AN to request the appropriate resource to transmit these UL packets. In addition, UE can also add such transmission timestamp to the encapsulation header, and thus UPF can further send the packets with the same transmission timestamp to the application server at a similar time.
Besides, this solution introduces a new parameter referred as synchronization indication to assist 5GS to distinguish which service data flow requires specific handling to support application synchronization.

6.X.3	Procedure
This procedure is used for AF provide the synchronization indication to the 5GS to trigger the packet header detection and transmission timestamp encapsulation to support the application synchronization.


[bookmark: _Hlk98949776]Figure 6.X.2-1: Procedure for Synchronization Indication Provisioning
Figure 6.X.2-1 above shows the Synchronization Indication Provisioning Procedure. It depicts the case AF is deployed inside the trusted domain. For the case of AF deployed outside the trusted domain, the NEF can interact with the PCF on behalf of the AF, and the rest of procedure is the same as the trusted AF case.
1. [bookmark: _Hlk98951425][bookmark: _Hlk98953938]The AF interacts with the PCF by triggering a Npcf_PolicyAuthorization_Create Request or Npcf_PolicyAuthorization_Update Request and provides the synchronization indication, flow description(s) and other parameters listed in TS23.502 clause 5.2.5.3.2. The synchronization indication is used to request the 5GS performs packet header detection and corresponding on-demand processing on the multi-modal traffic identified by the flow description information.
2. [bookmark: _Hlk98952852]Upon receiving the request message, the PCF makes an authorization and policy decision. If the request is authorized, the PCF can generate PCC rule including the synchronization indication. Otherwise, PCF responds to the AF in step 3 with a Result value indicating the failure cause.
3. The PCF responds to the AF by invoking Npcf_PolicyAuthorization_Create Response or Npcf_PolicyAuthorization_Update Response service operation.
4. The PCF issues a Npcf_SMPolicyControl_UpdateNotify Request with updated or new PCC rule including the synchronization indication, as described in the PCF initiated SM Policy Association Modification Procedure in TS 23.502 clause 4.16.5.2.
5. The SMF acknowledges the PCF request with a Npcf_SMPolicyControl_UpdateNotify Response.
6. The SMF performs PDU Session Modification Procedure depicted in TS 23.502 clause 4.3.3.2 to inform the UPF and the UE of the synchronization indication.
7. [bookmark: _Hlk98955405][bookmark: _Hlk98955346]For the DL traffic, after receiving the synchronization indication, the UPF should derive the transmission timestamps from RTP timestamps in RTP packets and timestamp pairs in RTCP packets identified by the received flow descriptions, and include the transmission timestamp in N3 encapsulation header. Subsequently, according the transmission timestamp in the N3 encapsulation header, the AN can allocate resource to each packet on demand, and hence all the packets can be received on time.
8. For the UL traffic, after receiving the QoS rules with the synchronization indication, the UE should derive the transmission timestamps from RTP timestamps in RTP packets and timestamp pairs in RTCP packets, and request the appropriate resource from the AN to transmit these UL packets. Besides, the UE can also add such transmission timestamp to the encapsulation header, and hence UPF can further send the packets with the same transmission timestamp to the application server at a similar time.

6.X.4	Impacts on services, entities and interfaces
The solution has impacts in the following entities:
PCF:
-	Needs to support synchronization indication provisioning from the AF.
-	Needs to generate the PCC rule with synchronization indication.
SMF:
-	Needs to support procedure for transferring of synchronization indication to the UPF/AN/UE.
UPF:
-	Needs to derive the transmission timestamp based on RTP timestamp in RTP header and timestamp pair in RTCP header 
-	Needs to include the transmission timestamp in the N3 encapsulation header.
AN: 
-	Needs to support on-demand resource scheduling based on the transmission timestamp.
UE:
-	Needs to add the transmission timestamp to the encapsulation header for the UL packets.
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