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1 [bookmark: _heading=h.1fob9te]Introduction
In RAN2#119-bis-e, RAN2 made the following agreements on PDU Discard 
	On the PDU Discard
Þ	1. For UE transmitter, the PDCP discard should be performed per PDU set basis.
Þ	2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.



In RAN#120, 

	RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.



In this paper, we look into PDU Discard under the XR-awareness PDU Set QoS framework.
2 [bookmark: _heading=h.3znysh7]Discussion
2.1 [bookmark: _heading=h.a4eddzq1gvvh]PDU Discard Based on PDU Set Integrated Handling

In SA2 definition of PDU Set as [1]

	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, as used in TR 26.926). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.



Based on the two options of implementation PDU Set Integrated Handling Indication (PSIHI)  is defined with the following definition:

	5.7.X.4 PDU Set Integrated Handling Indication
The PDU Set Integrated Handling Indication (PSIHI) indicates that whether all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.



However, as it has been pointed out in several contributions [2][3] that additional granularity may be needed due to different implementations at the application level, such as the use of application forward error correction, i.e. the X/N ratio, or the use of progressive encoding that the decoder can decode up to the first N success PDUs of a PDU set. 

With regard to the use of application layer FEC, 

	Q1: Packet ratio for FEC
SA2 discussed some candidate solutions proposing packet transmission based on the ratio of source symbol packets, i.e., K/N in the above example. SA2 would like to ask SA4 whether the above ratio is static for a specific XRM service, and whether application layer can provide such a ratio to 5GS.
 
SA4 response:
-    	Generally, on the usage of AL-FEC for XRM services
o   SA4 until now has not done any analysis on applying FEC codes to XRM services. Our example and context of PDU sets relates to experience in MBMS services. For example, in TR 26.881 “Study on Forward Error Correction (FEC) for Mission Critical Services”, it is recommended that services with latencies below 1 second are sufficiently supported by well-dimensioned physical layer FEC.
o   In real-time services, in particular with RTP and WebRTC as considered in Release 18 normative work in SA4, applying a “fixed” FEC scheme is quite often not possible as RTP source packets are typically not of identical size.
……

-    	Specifically on the question
· Although some FEC codes allow for static redundancy ratio, the K/N ratio is not always static during a media delivery session. For example, Video usually relies on Flex-FEC configurations. In such a case, the application is expected to update the 5GS with any configuration change.



Besides the need for additional granularity PSIHI to capture the parameter X/N, the semi-static definition of PSIHI may not be enough as pointed in SA4 LS response that applying a “fixed”  FEC scheme is quite often not possible as RTP source packets are not of identical size. 

Separately in the definition of  PDU Set Error Rate, it’s stated that a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully as stated in Note 2 in the Section PDU Set Error Rate.

	5.7.X.3 PDU Set Error Rate
The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).
NOTE1:   In this release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully.



In other words, in this release, i.e. Rel. 18,  even if not all of the PDUs in a PDU Set are needed for the successful reconstruction at the destination, it is still considered as a PDU Set Error if not all PDUs of a PDU Set are delivered successfully.  It is obvious that the definition of PISHI and PSER needs to be aligned with each other in the same release. 

Observation 1: SA2 has not specified, at least not yet,  additional granularity for the support of other different implementations of PDU Sets, such as using AL-FEC, etc.

Observation 2:  In the definition of PSER, SA2 has noted that 
In this release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully. 

Proposal 1:  LS SA2 to confirm the understanding in this release,  it will still be counted as an error if there is a loss of PDU(s), even though not all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.

Proposal 2: RAN2 to discuss how to handle of the following use case: 
· There is a PDU loss in a PDU Set. However, PSIHI indicates not all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.
 And to adopt one of the following two options:
· Option 1: LS SA2 to specify the use case when not all the PDUs are needed for the usage of the PDU Set by the application layer and update the corresponding PSER definition to align with the different PDU Set implementations.
· Option 2:  Based on the current PSER definition, leave the specification of the use case for future release. 
Proposal 3:
· If Option 2 is agreed,  RAN2 to agree the following behavior. 
· If any of the PDU(s) belonging to a PDU Set is lost, Discard all the PDUs belonging to the same PDU Set even if not all PDUs are needed for the PDU Set at the receiver. 

2.2 [bookmark: _heading=h.g6e1gkwl2edt]PDU Set Delay Budget and PISHI
With the introduction of the PDU Set framework,  the PDU Set discard can be related to PDU Set handling, specifically PDU Set Delay Budget. 
	5.7.X.2 PDU Set Delay Budget
The PDU Set Delay Budget (PSDB) defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. the duration between the reception time of the first PDU (at the N6 termination point for DL or the UE for UL) and the delivery time of last PDU of a PDU Set. PSDB applies to the DL PDU Set received by the UPF over the N6 interface, and to the UL PDU Set sent by the UE.
NOTE 1:  To enable support for PSDB, it is assumed that there is a maximum duration threshold for inter arrival time between the first received PDU and the last received PDUs constituting a the PDU Set as per SLA or pre-configuration.
PSDB is an optional parameter that may be provided by the PCF. The provided PSDB can be used by the NG-RAN to support the configuration of scheduling and link layer functions.


 
Although RAN2 has agreed on a timer-based discarding of UL transmit,  the setting of the timer also depends on the PDU Set implementation, i.e. PSIHI. That is, if all the PDUs of a PDU set are needed at the receiver.  All PDUs will need to meet the PSDB. However, if not all of the PDU are needed at the receiver, the behavior is more complicated and requires some clarification and further specification work as discussed previously since not all of the PDUs belonging to the same PDU Set have to meet the PSDB requirements.  

Observation 3: 
 PDU Discard can be triggered due to missing PSDB.

Observation 4: 
WPSDB also depends on the implementation of PDU Set  and PISHI

Proposal 4: If all PDU are needed for the PDU Set, the Discard timer due to PSDB can be based on the reception of all the PDUs.

Proposal 5: RAN2 to discuss how to hande of the following implementation: 
· PSIHI indicates not  all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.
 And to adopt one of the following two options
· Option 1: LS SA2 to specify the use case when not all the PDUs are needed for the usage of the PDU Set by the application layer and update the corresponding PSER definition to align with the different PDU Set implementations.
· Option 2:  Based on the current PSER definition, leave the specification of the use case for future release. 
Proposal 6:
If Option 2 is agreed, RAN2 to agree on the following behavior: 
· Discard all the PDUs belong to the same PDU set if one or more PDUs miss PBSD. 

3 [bookmark: _heading=h.4d34og8]Conclusion
Observation 1: SA2 has not specified, at least not yet,  additional granularity for the support of other different implementations of PDU Sets, such as using AL-FEC, etc.

Observation 2:  In the definition of PSER, SA2 has noted that 
In this release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully. 

Proposal 1:  LS SA2 to confirm the understanding in this release,  it will still be counted as an error if there is a loss of PDU(s), even though not all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.

Proposal 2: RAN2 to discuss how to handle of the following use case: 
· There is a PDU loss in a PDU Set. However, PSIHI indicates not all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.
 And to adopt one of the following two options:
· Option 1: LS SA2 to specify the use case when not all the PDUs are needed for the usage of the PDU Set by the application layer and update the corresponding PSER definition to align with the different PDU Set implementations.
· Option 2:  Based on the current PSER definition, leave the specification of the use case for future release. 
Proposal 3:
· If Option 2 is agreed,  RAN2 to agree the following behavior 
· If any of the PDU(s) belonging to a PDU Set is lost, Discard all the PDUs belonging to the same PDU Set even if not all PDUs are needed for the PDU Set at the receiver. . 

Observation 3: 
 PDU Discard can be triggered due to missing PSDB.

Observation 4: 
WPSDB also depends on the implementation of PDU Set  and PISHI

Proposal 4: If all PDU are needed for the PDU Set, the Discard timer due to PSDB can be based on the reception of all the PDUs.

Proposal 5: RAN2 to discuss how to hande of the following implementation: 
· PSIHI indicates not  all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.
 And to adopt one of the following two options
· Option 1: LS SA2 to specify the use case when not all the PDUs are needed for the usage of the PDU Set by the application layer and update the corresponding PSER definition to align with the different PDU Set implementations.
· Option 2:  Based on the current PSER definition, leave the specification of the use case for future release. 
Proposal 6:
If Option 2 is agreed, RAN2 to agree on the following behavior: 
· Discard all the PDUs belong to the same PDU set if one or more PDUs miss PBSD. 
· 
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