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1	Background
According to the S2-2201808 [1], PDU set integrated packet handling is agreed for XR and media service with the following aspects, e.g., 
[bookmark: _Hlk94089051]-	Which types of PDU Set (e.g. frame/video slice) shall be supported for PDU Set integrated packet handling by 5G network;
[bookmark: _Hlk94089120][bookmark: _Hlk99117005]-	What information should be provided to the 5GS regarding PDU Set for integrated packet handling, and how such information should be provided;
-	How the 5GS identifies that a PDU belongs to a specific PDU Set;
[bookmark: _Hlk99117087][bookmark: _Hlk94089313]-	Whether and how to enhance the QoS model and policy control for PDU Set integrated packet handling;
[bookmark: _Hlk94089401]-	Whether and how to perform the PDU Set integrated packet handling in the UE, RAN and/or UPF;
-	What information needs to be provided to the RAN and/or UPF to support PDU Set integrated packet handling in both the downlink and uplink direction. 
[bookmark: _Hlk96351276]-	Whether and how provide information to the UE for PDU Set integrated packet handling.
In this paper, the issues of PDU set integrated packet handling for XR and media service are discussed.
2	Discussion
2.1 Types of PDU set 
In TR 38.838[2], single stream traffic model and multi-streams traffic model are introduced for XR and media service. Two examples of multi-streams traffic model are as follows, 
- Slice-based: In this encoding scheme, a single video frame is divided into N slices. Out of N, one slice is I slice and remaining N-1 slices are P slices. N packets (one I and N-1 P) packets corresponds to one video frame arriving at the same time. 
- GOP-based: In this encoding scheme, a single video frame is either I frame or P frame. I frame is transmitted every K frames, where K is the GOP size, i.e., every group of picture. One video frame arrives at a time as a packet.
In S2-2201851[3], the PDU set is defined as follows,
PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM Services), which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.
Based on the definition of PDU set, a single video frame (i.e., I-frame or P-frame) can be regarded as a PDU set for GOP-based traffic model, on which the PDU set integrated packet handling should be performed. For slice-based traffic model, one frame is composed of N packets (i.e., one I-slice and N-1 P slices), which have different importance requirement. Therefore, slice type of PDU set should be considered for integrated packet handling for slice-based traffic model. However, PDU set identication for slice should be based on user plane assistance as described in clause 2.3, which results in complicated standardization works and heavy user plane overhead. Therefore, 
Proposal 1: it is proposed to focus on GOP-based multi-stream traffic model first. And frame type of PDU set should be supported for PDU set integrated packet handling. 
2.2 PDU set integrated packet handling 
For downlink transmission, UPF/RAN recevies downlink packets as a receiver and transmits the downlink packets to the downstream node/UE as a transmitter. Therefore, PDU set integrated packet handling can be performed at the receiver and transmitter respectively, e.g., 
① As a receiver, check whether all the PDUs of one PDU set has been received or not. If not, drop all the receiving PDUs of the PDU set
② As a transmitter, check whether any PDU of one PDU set is not successfully delivered, or exceed the PDU set delay budget. If so, drop the remaining PDUs of the PDU set
There’s no flow control over NG interface. That is, RAN node will not feedback whether the PDU has been successfully transmitted or delivered to UE. Therefore, UPF can only check the receiving status of PDUs to decide whether to drop the PDU set or not. However, there may be packet loss over N6/N9 interface. Therefore, whether UPF shall perform PDU set integrated packet handling depends on whether UPF is able to identify all the PDUs of one PDU set which requests for user plane assistance. 
RAN node can perform PDU set integrated packet handling as a transmitter based on the ACK/NACK feedback from UE. Similarly, there may be packet loss over N3 interfacce. As a receiver, whether RAN node shall perform PDU set integrated packet handling dependes on whether RAN node is able to identify all the PDUs of one PDU set which requests for user plane assistance. 
Proposal 2: it is proposed RAN node to perform PDU set integrated packet handling as a transmitter for downlink transmission. 
Observation 1: Whether UPF/RAN shall perform PDU set integrated packet handling as a receiver for downlink transmission depends on whether UPF/RAN is able to identify all the PDUs of one PDU set. 
For uplink transmission, there’s no transmission loss from UE’s application to UE’s AS layer. Therefore, ① is not applicable for UE. As a transmitter for uplink transmission, whether UE shall perform PDU set integrated packet handling depends on whether RAN node will provide feedback to UE, which is closely related with HARQ and RLC transmission mode. For downlink transmission, PDU set identification should be enabled by air interface enhancement between UE and RAN node. Otherwise, UE is not able to perform PDU set integrated packet handling for downlink transmission. 
Proposal 3: it is proposed RAN WGs to work on whether UE shall perform PDU set integrated packcet handling, and whether RAN node shall perform PDU set integrated packet handling as a receiver for uplink transmission. 
As stated in the definition of PDU set, in some cases, the application layer can still recover parts of the information unit, when some PDUs are missing. E.g., it depends on the decoding algorithm and decoding capability whether the receiver is able to recover parts of the information unit. Therefore, whether PDU set integrated packet handling should be performed or not depends on explicit indication from AF. 
Proposal 4: AF shall indicate 5GS whether to perform PDU set integrated packet handling or not. 
2.3 PDU set identification 
PDU set identification has two layers of meaning. 1) Identify PDUs that belong to a specific PDU set. 2) identify all the PDUs that belong to a specific PDU set. It is better to perform PDU set integrated packet handling based on 2). However, in most of the cases, there’s no packet loss over N3/N6/N9 interface. Therefore, PDU set integrated packet handling can be performed based on 1) by leveraging complication and effectiveness. Genearlly, there’re two ways for RAN and/or UPF to identify a PDU belongs to a specific PDU set. 
1) Configuration over control plane 
Based on the traffic characteristic of XR and media service, e.g., bursty and periodic, AF/App server can provide Burst Arrival Time and Periodicity for both downlink and uplink as in TSCAI defined for Time Sensitive Communication. Besides, jitter can also be provided for 5GS to have better knowledge of XR traffic. Based on the GOP-based traffic model, each burst of PDUs constitute a single video frame, i.e., one PDU set. Therefore, RAN node is able to identify PDUs of one PDU set based on the burst. 
However, UPF/RAN node is not able to identify whether all the PDUs of one PDU set have been received or not without user plane assistance. In order to avoid too much specification work, UPF/RAN node shall not perform PDU set integrated packet handling as a receiver.
Observation 2: PDU set identification based on configuration applies to GOP-based multi-stream traffic model. 
2) Piggyback PDU set related information over user plane 
Assume that each PDU towards UPF/NG-RAN node contains the PDU set related information which is used to identify a PDU belongs to specific PDU set. E.g., each PDU contains some or all of PDU set related information as follows. 
· PDU set SN
· SN within PDU set
· the PDU set end marker/the PDU numbers (or size) of PDU set
Generally, PDU set SN and SN within PDU set are necessary with at least one of (the PDU set end marker, the PDU numbers of PDU set) for UPF/NG-RAN to identify a PDU belongs to a PDU set. Two examples of PDU set related information are shown in Figure 1. For end marker based model, UPF/RAN node identifies PDU set#1 is composed of 4 PDUs based on the end marker. For size based mode, UPF/RAN node identifies PDU set#1 is composed of 4 PDUs based on the size of PDU set contained in PDU set related information. 


Figure 1: examples of PDU set related information piggyback in each packet
In general, configuration over control plane is a simple solution for PDU set identification. However, it applies only for GOP based multi-stream traffic model. Piggyback PDU set related information over user plane is a feasible solution for all XR traffic models, which imposes complicated standardization works and certain overhead on the user plane. E.g., How to provide the PDU set related information over N6 interface is out of 3GPP scope, and whether there’s any standard impact on N3/N9/F1 interface respectively?
Observation 3: PDU set identification based on user plane applies to all kinds of XR traffic model, which imposes complicated standardization works and certain overhead over user plane. 
Proposal 5: it is proposed to focus on configuration over control plane for PDU set integrated packet handling first.
2.5 QoS model and Policy control
As the content decoder jointly process the packets of one PDU set, PDU set delay budget should be considered. Besides, PDU set error rate instead of packet error rate shall be considered for XR traffic. Regarding PDU set integrated packet handling, AF shall provide 5GS flow description and the associated parameters as follows,
· [bookmark: _Hlk99115682]Time assistance information: Burst Arrival Time, Periodicity, Jitter
· PDU set based QoS requirement: PDU set delay budget, PDU set error rate 
PCF shall include the flow description and the associated parameters into PCC rules for SMF. SMF provides RAN node QFI and the associated time assistace information and PDU set based QoS requirement. Please refer to [4] for the detailed procedure of provision XR traffic configuration to 5GS. 
3	Proposal
Observation 1: Whether UPF/RAN shall perform PDU set integrated packet handling as a receiver for downlink transmission depends on whether UPF/RAN is able to identify all the PDUs of one PDU set. 
Observation 2: PDU set identification based on configuration applies to GOP-based multi-stream traffic model. 
Observation 3: PDU set identification based on user plane applies to all kinds of XR traffic model, which imposes complicated standardization works and certain overhead over user plane. 
Proposal 1: it is proposed to focus on GOP-based multi-stream traffic model first. And frame type of PDU set should be supported for PDU set integrated packet handling. 
Proposal 2: it is proposed RAN node to perform PDU set integrated packet handling as a transmitter for downlink transmission. 
Proposal 3: it is proposed RAN WGs to work on whether UE shall perform PDU set integrated packcet handling, and whether RAN node shall perform PDU set integrated packet handling as a receiver for uplink transmission. 
Proposal 4: AF shall indicate 5GS whether to perform PDU set integrated packet handling or not. 
Proposal 5: it is proposed to focus on configuration over control plane for PDU set integrated packet handling first.
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