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1 Introduction
So far, PDCP discard function has been associated with each PDCP SDU. However, with the advent of XR, the concept of “PDU Set” poses new scenarios and considerations for the PDCP discard function. In this paper, we discuss these aspects.
2 Discussion
2.1 PDU Set – PDCP Discard Considerations 
From RAN1 TR 38.838 and previous agreement in RAN2 [1], we make the following observation:

Observation 1: In RAN1 TR 38.838, ADU dropping is captured as one of the potential solutions for capacity improvement and RAN2 can further discuss the details on the packet discarding based on the agreement from the last meeting.

	· 1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).



In RAN1 evaluation, for ADU dropping, all PDCP packets belonging to a single ADU (Application Data Unit) frame are dropped after any of them have passed the PDB limit and the performance is compared with the legacy PDCP packet discarding (i.e. dropping PDCP packets after they have passed the PDB limit). The evaluation results show that we can increase the network capacity with ADU dropping by 15.2% and it seems valuable to get that amount of gain with the small enhancement on the legacy PDCP SDU discarding. Now “set of packets belonging to an ADU” in RAN1 corresponds to “PDU set’ defined in SA2. 

From TR 23.700-60 and S2-2201803, the definition of the “PDU Set” can be comprehended.

Observation 2: In XR, applications can impose QoS requirement in terms of “slice” (e.g., frame in video traffic), rather than in terms of single packet. To support the slice-level QoS support, SA2 defines “PDU Set” which may represent a “slice” as a set of PDUs (i.e., PDCP SDUs) carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM service).

Further, LS from SA4 [2] well clarifies the different characteristics of the PDU Set depending on application layer implementation. 

Observation 3: In the reply LS to SA2, SA4 share their view on the definition of ‘PDU set’ given by SA2, including various examples where the PDU Set can have different characteristics depending on application layer implementation. The followings are findings from the LS from SA4.

· Fragmentation Unit packets of a fragment of a Network Abstraction Layer (NAL) unit (for example a video slice) may be considered as a PDU Set.
· In some implementations, the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit.
· In this case, all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information and all the PDUs in the same PDU Set can have the same importance requirement.
· In other implementations, the loss of one fragmentation packet of the NAL Unit may not result in discarding the entire NAL unit.
· In this case, the application layer can still recover parts of the information unit, when some PDUs are missing and the PDUs in the same PDU Set can have different importance requirement.
· In addition, for video, data included in NAL Units are typically spatially and/or temporarily predicted from video data in other NAL Units, so some sort of cross-dependency of NAL units exists.
· In this case, the discarding of one PDU set can result in discarding of other PDU Sets.
 
Based on the observations above, it becomes significant for RAN2 to consider potential enhancement of PDCP discard function and hence, we propose the following:
 
Proposal 1: RAN2 is kindly asked to discuss potential enhancement on PDCP SDU discarding with considering the characteristics of PDU Set as below:
· PDU Set can be a set of PDUs (i.e. PDCP SDUs) carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM service)
· Each PDU Set can have different characteristics (e.g., importance, availability of partial recovery, delay requirement, …)
· The loss of one PDU of the PDU Set may or may not result in discarding the entire PDU Set. (Depending on implementation, the application layer can still recover parts of the information unit, when some PDUs are missing)
· The discarding of one PDU Set can result in the discarding of other PDU Sets. (There can be cross-dependency between PDU Sets)

2.2 PDU Set – Rx Side Considerations 
We further explore the impact of the PDU Set based PDCP discard on the receiver side PDCP. It can be noted that in spite of discard of PDU Set at transmitter side PDCP, all constituent PDUs of the PDU Set may not be discarded e.g. when some of the constituent PDUs are already transmitted or assigned sequence number. That is, it is possible that receiver side PDCP layer may receive incomplete PDU Set.
Observation 4: It is possible that receiver side PDCP may receive incomplete PDU Set, when PDU Set based PDCP discard is carried out at the transmitter side PDCP.
[bookmark: _Hlk100741761]In the reply LS to SA2 [2], SA4 share their view on the dependency between IP packets that make up PDU Sets (e.g. a frame /slice), including examples that provide some insight into possible dependencies, from none to a dependency that the information unit is prefix-dependent to the case that if any piece is lost of an information unit, the entire unit is useless. It is mentioned that different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling. 
Observation 5: Different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling.
As discussed earlier, PDCP discard may be performed at the transmitter side PDCP based on the different characteristics of the PDU Set depending on application layer implementation. Emphatically, this is equally true and applicable for the receiver side PDCP operation, wherein application layer implementation can have the following cases:
· Case A: Application layer can still recover the part of the information unit, even when PDU Set could not be completely received.
· In this case, the received PDUs of the PDU Set should be delivered to the application layer 
· Case B: Application layer needs all the PDUs of the PDU Set to receive the information unit. For example, application can process information unit only when all constituent PDUs of the PDU Set are received. Incompletely received PDU Set is not useful and rather may add to undesired processing burden and complexity.
· In this case, the received PDUs of the incompletely received PDU Set should not be delivered to the application layer 
[bookmark: _GoBack]Considering above observations, we propose the following:
Proposal 2: RAN2 is kindly asked to discuss potential enhancement on receiver side PDCP to handle and deliver received PDUs to application considering following cases:
· If application layer can still recover the part of the information unit, even when PDU Set could not be completely received, the PDCP delivers the received PDUs of the incompletely received PDU Set to the application.
· If application layer needs all the PDUs of the PDU Set to receive the information unit, the PDCP does not deliver the received PDUs of the incompletely received PDU Set to the application. 
2.3 PDU Set – Identification Signalling Considerations 
In RAN2#119e meeting [1], RAN2 made the following agreements:

	· RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
· RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE



For the purpose of PDU Set integrated handling including the cases as discussed in section 2.1 and 2.2, PDU Set identification information (e.g. start of PDU Set, end of PDU Set, sequence number of PDU in PDU Set) is essential.

From PDCP perspective, it is not really needed to replicate the sequence number for the constituent PDCP PDUs for the PDU Set. On the contrary, the existing PDCP SN can be reused and be further complimented with additional embedded signalling information to indicate start of the PDU Set and end of the PDU Set as part of the PDCP header (For example, a 2-bit bitmap in the PDCP header of the PDU can represent 4 code-points viz. start PDU of PDU Set, end PDU of PDU Set, in-between PDU of PDU set, and both start & end PDU of the PDU Set).

With the PDU Set identification information, PDCP operation is facilitated e.g. receiver side PDCP can easily identify whether the PDU Set is completely received, or is incompletely received.

Proposal 3: RAN2 is kindly asked to discuss the PDU Set identification information signalling to facilitate the PDCP operation.
3 Conclusion
Based on discussion in section 2, the following observations are made:
Observation 1: In RAN1 TR 38.838, ADU dropping is captured as one of the potential solutions for capacity improvement and RAN2 can further discuss the details on the packet discarding based on the agreement from the last meeting.

Observation 2: In XR, applications can impose QoS requirement in terms of “slice” (e.g., frame in video traffic), rather than in terms of single packet. To support the slice-level QoS support, SA2 defines “PDU Set” which may represent a “slice” as a set of PDUs (i.e., PDCP SDUs) carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM service).

Observation 3: In the reply LS to SA2, SA4 share their view on the definition of ‘PDU set’ given by SA2, including various examples where the PDU Set can have different characteristics depending on application layer implementation. The followings are findings from the LS from SA4.

· Fragmentation Unit packets of a fragment of a NAL unit (for example a video slice) may be considered as a PDU Set.
· In some implementations, the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit.
· In this case, all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information and all the PDUs in the same PDU Set can have the same importance requirement.
· In other implementations, the loss of one fragmentation packet of the NAL Unit may not result in discarding the entire NAL unit.
· In this case, the application layer can still recover parts of the information unit, when some PDUs are missing and the PDUs in the same PDU Set can have different importance requirement.
· In addition, for video, data included in NAL Units are typically spatially and/or temporarily predicted from video data in other NAL Units, so some sort of cross-dependency of NAL units exists.
· In this case, the discarding of one PDU set can result in discarding of other PDU Sets.

Observation 4: It is possible that receiver side PDCP may receive incomplete PDU Set, when PDU Set based PDCP discard is carried out at the transmitter side PDCP.
Observation 5: Different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling.
Request RAN2 to discuss and agree to the following proposals:
Proposal 1: RAN2 is kindly asked to discuss potential enhancement on PDCP SDU discarding with considering the characteristics of PDU Set as below:
· PDU Set can be a set of PDUs (i.e. PDCP SDUs) carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM service)
· Each PDU Set can have different characteristics (e.g., importance, availability of partial recovery, delay requirement, …)
· The loss of one PDU of the PDU Set may or may not result in discarding the entire PDU Set. (Depending on implementation, the application layer can still recover parts of the information unit, when some PDUs are missing)
· The discarding of one PDU Set can result in the discarding of other PDU Sets. (There can be cross-dependency between PDU Sets)

Proposal 2: RAN2 is kindly asked to discuss potential enhancement on receiver side PDCP to handle and deliver received PDUs to application considering following cases:
· If application layer can still recover the part of the information unit, even when PDU Set could not be completely received, the PDCP delivers the received PDUs of the incompletely received PDU Set to the application.
· If application layer needs all the PDUs of the PDU Set to receive the information unit, the PDCP does not deliver the received PDUs of the incompletely received PDU Set to the application. 
Proposal 3: RAN2 is kindly asked to discuss the PDU Set identification information signalling to facilitate the PDCP operation.
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