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Abstract: This paper introduces a new solution of PDU Set transmission coordination between RAN and UPF to key Issue #5 for FS_XRM. 
1. Introduction/Discussion
This paper proposes solution for KI#5 that addresses following aspects:
-	How does the 5GS identify the PDUs of one PDU Set.
-	How does the 5GS determine the importance information for a given PDU Set and/or dependency information between different PDU Sets.
-	Which network entity needs the importance/dependency information associated with the PDU Set and how it receives it.
-	Whether and how to enhance the QoS model and policy control for the importance/dependency information associated with a given PDU Set.
-	Definition of the importance/dependency information enabling differentiated PDU Set handling. 

For XRM services, PDU sets (e.g. I/P frames) usually have decoding dependency with each other, the loss of one PDU set could bring impacts on decoding of the following PDU set(s), e.g. the decoding of the following PDU Set(s) fails. Figure 1 shows an illustration of dependency between PDU sets, for example, the decoding of PDU set 5 depends on PDU Set 1 and PDU Set 4.
[image: ]
Figure 1 an illustration of dependency between PDU sets

The dependency among PDU sets could be divided into two categories: 1) forward dependency, a PDU set’s forward dependency means the PDU set that this PDU set depends on; 2) backward dependency, a PDU set’s backward dependency means the PDU sets that depends on it. A PDU set’s forward dependency information could be conveyed together with the PDU set; but A PDU set’s backward dependency information could not be conveyed together with the PDU set since when the PDU set is encoded, its backward dependency information has not been determined yet. Although the transmission of PDU set within PDB (Packet Delay Budget) is the most optimal case, but transmission of a PDU set beyond PDB could also be useful if there are PDU sets depending on it. 
For a PDU set, there could be no PDU set depending on it, i.e. without backward dependency, or there could be several PDU sets depending on it, i.e. with backward dependency. If there is no backward dependency for a PDU set, the dropping of PDU set would bring limited impacts. But if there is backward dependency for a PDU set, then the PDU set transmitted beyond PDB could be useful, if it is transmitted before the dependent(s) start decoding.
The figure 2 shows an example for the display on client of frame 1-8 in a video flow. As the figure 2 (a) shows, the frame 1 and frame 6 are independent. Frame 2-5 and frame 7-8 are dependent with the previous frames. Frame 4,5 are also dependent with the frame 2.


Figure 2 (a) the dependency among frame 1-8
The most optimal case is as the figure 2 (b) shows, all frames are transmitted within PDB, so all frames can be decoded and displayed in order on the client, which can guarantee the smooth of video.


Figure 2 (b) the display timeline on client when all frames are transmitted within PDB
On one hand, if frame 2 is not transmitted successfully, as the figure 2 (c) shows, frame 2 and frames 3,4,5 cannot be decoded to display on the client. Then the display on the client will be frozen at the frame 1 until the successful receiving of frame 6, which may result in the video freeze for a while. 


Figure 2 (c) the display timeline on client if frame 2 is not retransmitted when it transmits failed
On the other hand, if frame 2 is retransmitted even though beyond the PDB, as the figure 2 (d) shows, frame 2 cannot be displayed on the client on time, but frames 3-5 can be decoded and displayed successfully by referring to frame 2. This case only result in an interruption for one frame, which is better for user experience compared to figure 2 (c).


Figure 2 (d) the display timeline on client if frame 2 is retransmitted when it transmits failed
In case a PDU set is dropped at RAN due to poor air condition, if there is backward dependency for the PDU set, the PDU set could be retransmitted to make sure the dependent(s) be decoded properly. 
This solution proposes UPF to buffer PDU sets crossing a period of time, and in case a PDU set is dropped at RAN due to HARQ/ARQ failure, RAN indicates the dropped PDU Set to UPF, then the UPF determines the importance of PDU set based on backward dependency and determines whether the dropped PDU set is to be retransmitted or not based on importance of the PDU set. For example, (1) UPF could make decision by detecting the location of the PDU set in a GOP, if the PDU set is near the end of a GOP, then the PDU set doesn’t need to be retransmitted; or (2) if UPF could derive the backward dependency between PDU sets, and find the following received PDU Sets have dependency on the dropped PDU set, then the PDU set needs to be retransmitted, otherwise if there is no dependent, then the PDU set doesn’t need to be retransmitted.
When UPF determines the importance of PDU set, the importance of a PDU set increases the more dependent PDU sets exist.
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Figure 3

UPF retransmit the dropped PDU set by setting high priority for it.
For a 60fps XR service flow, the time gap between two adjacent frames is 16.7ms, so the time gap between a PDU set and its dependent is N*16.7 ms, where N=1,2,3… and the PDU set will be useful if it is successfully transmitted before its dependent(s). For example, if PDU set#1 is dropped, and PDU set#5 is successfully transmitted and it depends on PDU set#1, then retransmitting of PDU set#1 with 66.8ms (=4*16.7ms) delay is still useful for decoding PDU Set#5.
As for the delay for UPF to retransmit the PDU set, the delay of N3 interface (e.g. 1ms) and the delay for UPF internal procession (e.g. 1.5ms) are very low compared to the frame interval, especially in the case of edge computing. 
2. Text Proposal
[bookmark: _Toc519004414]It is proposed to capture the following changes vs. TR 23.700-60-020.
[bookmark: _Toc517082226]* * * * First change (all text new)* * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc97036718]6.X	Solution #X: PDU Set transmission coordination between RAN and UPF
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc97036719]6.X.1	Key Issue mapping
The solution addresses Key Issue #5: Differentiated PDU Set Handling.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc97036720]6.X.2	Description
[bookmark: _Toc500949101]In XRM services, PDU sets (e.g. I/P frames) have dependency with each other. For example, I-frame is a complete image, which can be decoded independently. But P-frames in the same GoP only shows the changes in the image from the previous frame, which cannot be decoded unless with the help of the previous frames. If I-frame and the previous P-frames are not transmitted successfully, the later P-frames cannot be decoded even though they are transmitted successful. A frame that is not transmitted within PDB may be not displayed which may result in the skip of the picture, but it could also be useful for decoding other frames. 
Therefore, it's meaningful to consider the dependency among PDU sets during the transmission.
When UPF sends the PDU set to RAN, it encapsulates the PDU set ID into the GTP-U header,the PDU set ID is used to identify a PDU set. Moreover, UPF buffers the PDU set for a period. If the PDU set is failed to be transmitted by RAN (e.g. HARQ/ARQ failed), RAN sends the PDU set ID to UPF to indicate that the PDU set is not transmitted successfully,then the UPF determines the importance of PDU set based on backward dependency, , and determines whether the dropped PDU set is to be retransmitted or not based on the importance ofPDU sets. For example, (1) UPF could make decision by detecting the location of the PDU set in a GOP, if the PDU set is near the end of a GOP, then the PDU set doesn’t need to be retransmitted; or (2) if UPF could derive the backward dependency relation between PDU sets, and find the following received PDU Sets have dependency on the dropped PDU set, then the PDU set needs to be retransmitted, otherwise if there is no dependent, then the PDU set doesn’t need to be retransmitted. 
When UPF determines the importance of PDU set, the importance of a PDU set increases the more dependent PDU sets exist.
When UPF retransmits the PDU set, it could increase the priority of the PDU set to make sure that the PDU set can be delivered as soon as possible.
[bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc97036721]6.X.3	Procedures

  
Figure 6.X.3-1: PDU Set transmission coordination between RAN and UPF

1. AF sends a request for an AF session using Nnef_AFsessionWithQoS_Create request message to the NEF, to indicate the QoS requirement for the application traffic.
2. NEF performs the necessary authorization control.
3. NEF uses the Npcf_PolicyAuthorization_Creat request message to send the AF request information to the PCF to generate the SM policy.
4. PCF sends the SM policy to SMF by Npcf_SMPolicyControl_UpdateNotify request.
5. SMF sends the N4 session modification request to instruct UPF to perform the PDU sets scheduling:
6. AS sends the PDU sets to UPF. 
7. UPF detects PDU set and assign a PDU set ID for identification of each PDU set. UPF buffers PDU set, for a predefined period of time, whose importance could not be determined based on information converyed in the PDU set itself (e.g. the backward dependency is not clear based on the PDU set itself )
8. UPF sends the PDU sets to RAN, UPF encapsulates the PDU set ID into the GTP-U header.
9. If the PDU set is dropped, RAN sends the PDU set ID to UPF to indicate which PDU set is not transmitted successfully.
10. When UPF receives the feedback from RAN, UPF determines the importance of PDU set based on backward dependency, , and determines whether the dropped PDU set is to be retransmitted or not based on importance of the PDU set. For example, (1) UPF could make decision by detecting the location of the PDU set in a GOP, if the PDU set is near the end of a GOP, then the PDU set doesn’t need to be retransmitted; or (2) if UPF could derive the backward dependency relation between PDU sets, and find the following received PDU Sets have dependency on the dropped PDU set, then the PDU set needs to be retransmitted, otherwise if there is no dependent, then the PDU set doesn’t need to be retransmitted.
When UPF determines the importance of PDU set, the importance of a PDU set increases the more dependent PDU sets exist. 
When UPF retransmits the PDU set, it could increase the priority of the PDU set to make sure that the PDU set can be delivered as soon as possible.
11. UPF removes the buffered PDU sets after buffering timer expires.

[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc97036722]6.X.4	Impacts on services, entities and interfaces
UPF: 
· Sends the PDU sets to RAN via encapsulating the PDU set ID into the GTP-U header. 
· Buffers the PDU sets for a period.
· Retransmits the PDU sets according to the feedback of RAN.
RAN: 
· Sends the feedback to UPF if the PDU set transmits failed.
* * * * End of changes * * * *
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