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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 control enhancements for delivering packets related to a specific time for an application to the user at a similar time.
For the packets generated around the same time at Application server, as there may be multiple routing paths between Application server and the UPF, and each packet may be routed on a different path, it is possible that these packets arrive at UPF out of order. As a result, UPF may carry the out of order packets to RAN. Considering the varying channel condition, even in the same QoS flow, e.g., with PDB=150ms, some of the packets may be successfully delivered to the UE by the first transmission, in this case the packet delay may be less than 5ms, while some of other packets may require multiple retransmissions which cause additional packet delay (up to 150ms) and worsen the order of packets arrival at UE.
This paper proposes a solution to allow 5GS taking into the consideration of the timestamp based on RTP timestamp in RTP header and timestamp pair in RTCP header to adjust the packet order for delivering. In particular, 5GS doesn’t need to correlate packets with the same timestamp. The timestamp info is referred by AN as one of the factors (e.g. additionally to the current PDB, priority) that determine the order of the packet transmission at radio interface.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
[bookmark: _Toc26173038][bookmark: _Toc30666541][bookmark: _Toc31029835][bookmark: _Toc31030726][bookmark: _Toc43388293][bookmark: _Toc43735523][bookmark: _Toc50130510][bookmark: _Toc50133824][bookmark: _Toc50134164][bookmark: _Toc50557116][bookmark: _Toc50548792][bookmark: _Toc55202097][bookmark: _Toc57209719][bookmark: _Toc57366110][bookmark: _Toc68086061][bookmark: _Toc519004414]* * * * First change (all new text) * * * *
6.X	Solution #X: Packet transmission order adjustment for multi-modal data delivery
[bookmark: _Toc513014677][bookmark: _Toc26173039][bookmark: _Toc30666542][bookmark: _Toc31029836][bookmark: _Toc31030727][bookmark: _Toc43388294][bookmark: _Toc43735524][bookmark: _Toc50130511][bookmark: _Toc50133825][bookmark: _Toc50134165][bookmark: _Toc50557117][bookmark: _Toc50548793][bookmark: _Toc55202098][bookmark: _Toc57209720][bookmark: _Toc57366111][bookmark: _Toc68086062]6.X.1	Key Issue mapping
This solution addresses Key Issue #1 and Key Issue #2 on the potential policy control enhancements for delivering packets related to a specific time for an application to the user at a similar time.
6.X.2	Description
The intent of this solution is to propose a mechanism to assist 5GS to deliver packets related to a specific time for an application to the user at a similar time in order to avoid the negative impact on the user experience.
An example for multi-modal data delivery is illustrated in Figure 6.X.2-1. In the figure, the blocks with the same colour represent the packets which are generated around the same time. In this example, it assumes that there are two types of multi-modal data mapped into two different SDFs. As there may be multiple routing paths between Application server and the UPF, and each packet may be routed on a different path, it is possible that these packets arrive at UPF out of order. As a result, UPF may carry the out of order packets to RAN. Considering the varying channel condition, even in the same QoS flow, e.g., with PDB=150ms, some of the packets may be successfully delivered to the UE by the first transmission, in this case the packet delay may be less than 5ms, while some of other packets may require multiple retransmissions which cause additional packet delay (up to 150ms) and worsen the order of packets arrival at UE.
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Figure 6.X.2-1: Example of multi-modal data delivery

This solution proposes to leverage the real-time transport protocol (RTP) as defined in [9] which provides end-to-end delivery services for real-time data traffic, e.g., interactive audio and video. As described in [9], 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. 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. The RTP timestamp for each media stream is paired with an NTP timestamp from a reference clock shared by all the media streams. This timestamp pair <RTP timestamp, NTP timestamp> is carried in the RTCP packet. Hence, the receiver can present the packets from different media streams according to RTP timestamps in RTP headers and the timestamp pairs in RTCP headers.
In this solution, the 5GS can take into the consideration of the timestamp based on RTP timestamp in RTP header and timestamp pair in RTCP header to adjust the packet order for delivering. In particular, 5GS doesn’t need to correlate packets with the same timestamp. The timestamp info is referred by AN as one of the factors (e.g. additionally to the current PDB, priority) that determine the order of the packet transmission at radio interface. AN doesn't need to wait for all the packets with the same timestamp to arrive before its transmission. In particular, AN decides the resource scheduling with consideration of timestamp for the packets that have already been received and wait for the transmission over Uu, e.g. for the packets in its MAC layer buffer.
[bookmark: _Hlk101713749]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. The AN can allocate the appropriate resource with the consideration of the transmission timestamp carried in the N3 encapsulation header. For example, AN can consider the packets with lower timestamp value has higher preference to be transmitted, thus packets are delivered to UE according to the order of their timestamps.
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 order.
NOTE 1: UPF deriving the timestamp pair in RTCP packets does not work if Secure RTCP (SRTCP) is in use.
[bookmark: _GoBack]Note 2: The in-order packet delivery based on the transmission timestamp should be aligned with RAN2.
In order to identify the target data flow that requires the special handling as described above, this solution introduces a new parameter referred as time-based delivery indicator to assist 5GS to distinguish which service data flow requires special handling to support the packet delivery based on the considerations of the timestamp as described above.

6.X.3	Procedure
This procedure describes how the AF leverages the time-based delivery indicator to direct the 5GS to trigger the packet header detection and transmission timestamp encapsulation to enable the 5GS assistance to support the packet delivery for an application to the user in order.


[bookmark: _Hlk98949776]Figure 6.X.2-1: Procedure for Time-based Delivery Indicator Provisioning
Figure 6.X.2-1 above shows the Time-based Delivery Indicator Provisioning Procedure. It depicts the case when the AF is deployed within the trusted domain. For the case when the AF is 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 time-based delivery indicator, flow description(s) and other parameters listed in TS23.502 clause 5.2.5.3.2. The time-based delivery indicator is used to direct the 5GS to perform the packet header detection and the corresponding 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 time-based delivery indicator. 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 time-based delivery indicator, 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 time-based delivery indicator.
7. [bookmark: _Hlk98955405][bookmark: _Hlk98955346]For the DL traffic, after receiving the time-based delivery indicator, 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 adjust the order of packet delivery with the consideration of the transmission timestamp carried in the N3 encapsulation header.
8. For the UL traffic, after receiving the QoS rules with the time-based delivery indicator, 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 in order.
[bookmark: _Hlk100269737]Editor's note:	This solution can be evaluated without considering the UL part if UL delivery is not in the scope of KI#1and KI#2.

6.X.4	Impacts on services, entities and interfaces
The solution has impacts in the following entities:
PCF:
-	Needs to support time-based delivery indicator provisioning from the AF.
-	Needs to generate the PCC rule with time-based delivery indicator.
SMF:
-	Needs to support procedure for transferring of time-based delivery indicator 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: 
[bookmark: _Hlk100163370]  -	Needs to support in order packet delivery based on the transmission timestamp.
UE:
-	Needs to derive the transmission timestamp based on RTP timestamp in RTP header and timestamp pair in RTCP header and request the appropriate resource from the AN to transmit the UL packets in order.
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