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1	Background
UL PDU set based handling were raised and discussed for several meetings and no consensus was reached. Three LSs sent from CT1/RAN2/RAN3 are all about UL PDU set based handling. In this paper, the related issues of UL PDU set based handing are discussed. 
2	Discussion
2.1 LS from RAN2 (S2-2311981/R2-2311590)
	RAN2 has made some progress on XR awareness. On the identification of XR related information (related to both PDU Set and Data Burst), RAN2 has previously provided the following information to SA2 and SA4:
· “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.” in [R2-2209215] 
· ”Furthermore, RAN2 has also agreed that the UE needs to be able to identify PDU Sets / Bursts but that in-band marking of PDUs in the uplink over Uu (the equivalent of downlink marking in GTP headers) is not needed.” in [R2-2213225]
· “RAN2 considers that the PDU set concept is applicable to both UL and DL.” in [R2-2302010]
In RAN2#122 meeting, RAN2 agreed:
· On the UL, the identification of PDU sets, data bursts and PSI is left to UE implementation. This doesn’t mean UE cannot use information provided by upper layers, but RAN2 does not intend to specify how.
Some of the radio level capabilities defined by RAN2 (e.g. pdu-SetDiscard, which indicates whether the UEs supports PDU set based discard operation) implicitly assume XR awareness for UL traffic in UE AS layer (i.e. awareness of PDU sets, data bursts, and PSI). However, RAN2 thinks it is up to SA2/CT1 to decide whether AS/NAS interactions or NAS signaling is required to support this and, if so, how they are defined. 



For UL PDU set based handling, RAN2 agrees that UE may perform PDU set based discard, PDU Set Importance (PSI) based discard and Delay Status Reporting (DSR), which includes the remaining delay of a PDU set and the associated data volume. In order to perform UL PDU set based handling, UE needs to identify PDU set information for UL packets. Besides, RAN2 have already defined the corresponding radio level capabilities for UL PDU set based handling, e.g., pdu-Discard-r18, psi-BasedDiscard-r18, delayStatusReport and xr-AssistanceInfo-r18, which implicitly assume XR awareness for UL traffic in UE AS layer. NG-RAN may configure UE to perform UL PDU set based handling (e.g., PDU set based discard, PSI based discard, DSR) based on the specific radio level capabilities reported by UE. 
It is obvious that RAN2 will not define explicit indicator to activate/deactivate UL PDU set identification at UE’s AS layer. Then an example of UE’s AS layer implementation is, the configuration of UL PDU set based handling can be regarded by UE as implicit indicator to activate/deactivate UL PDU set identification. E.g., if NG-RAN configures UE to perform UL PDU set based handling, then UE’s AS layer starts UL PDU set identification. During handover, if target NG-RAN does not configure UE with UL PDU set based handling, then UE stops UL PDU set identification. 
Observation 1: the identification of PDU sets, data bursts and PSI is left to UE implementation.
The remaining question is whether AS/NAS interactions or NAS signaling is required to support UL PDU set based handling. The main solutions proposed in the previous meeting can be categorized into the following aspects,
· Q1: whether UE needs to report UL PDU set based handling capability to SMF?
· Q2: Whether SMF needs to provide Protocol Description to UE?
· Q3: Whether SMF needs to instruct UE to perform UL PDU set identification? 
Q1 is closely related with Q2 and Q3. If the answer to Q2 or Q3 is yes, then UE reporting UL PDU set based handling capability can be regarded as the trigger for SMF to provide Protocol Description or to instruct UE to perform UL PDU set identification. Otherwise, there’s no motivation to introduce UL PDU set based handling capability in NAS message. 
For Q2, PSA UPF identifies the PDU Set Information using the Protocol Description included in PDR provided by SMF and the received transport protocol headers and payload or using implementation specific means. Similarly, UE’s AS layer identifies PDUs that belong to PDU sets based on Protocol Description. Then how UE’s AS layer obtains Protocol Description used in application layer? It is AF/App server provides Protocol Description to 5GC. Correspondingly, a similar solution is that UE’s Application layer provides Protocol Description to UE’s AS layer, which depends on UE’s implementation. 
Proposal 1: it is proposed how UE obtains Protocol Description is left to UE’s implementation. 
For Q3, even if UE supports UL PDU set based handling, NG-RAN may not configure UE to perform UL PDU set based handling. In this case, UE does not need to perform UL PDU set identification. Therefore, it is not reasonable for SMF to instruct UE to perform UL PDU set identification via NAS signaling. 
Proposal 2: it is proposed that there’s no need for SMF to instruct UE to perform UL PDU set identification. 
Based Proposal 1 and Proposal 2, the answer for Q1 is obviously no. Therefore, 
Proposal 3: it is proposed that no UL PDU set based handling capability is introduced in NAS signaling.  
2.2 LS from CT1 (S2-2311953/C1-237936)
	CT1 has discussed whether there is NAS impact regarding uplink PDU Set handling and no consensus was reached.
Hence, CT1 would like to ask the following question:
Question: 
Q1: Whether to support uplink PDU Set handling, and if yes, whether there will be NAS impact to support uplink PDU Set handling?



Based on LS from RAN2, uplink PDU set handling is supported by RAN, which answers the first part of the question from CT1. And the answer to the second part is also discussed in section 2.1, i.e., there’s no NAS impact to support UL PDU set based handling. 
2.3 LS from RAN3 (S2-2311967/R3-235890)
	RAN3 discussed about XR PDU Set QoS Parameters provided by 5GC to NG-RAN during the NG-AP PDU Set Resource Setup/Modification procedures. From NG-RAN perspective, it is beneficial for NG-RAN to receive separate DL and UL PDU Set QoS parameters from 5GC (ex: separate DL/UL PDU Set QoS Parameters, DL only PDU Set QoS Parameters). This will assist NG-RAN to efficiently allocate DL and UL radio resource based on different DL and UL PDU Set QoS Requirements provided by 5GC.
To SA2:
ACTION: 	RAN3 kindly requests SA2 to take above information into account and enable 5GC to provide separate DL and UL PDU Set QoS Parameters to NG-RAN.


RAN3 thinks separate DL and UL PDU Set QoS parameters assists NG-RAN to efficiently allocate DL and UL radio resource based on different DL and UL PDU Set QoS requirements. However, it is not the reason to separate DL and UL PDU Set QoS parameters. To separate DL and UL PDU Set QoS parameters should be triggered by the different PDU set QoS requirements for DL and UL for XRM traffic. In S2-2310724, QC proposes that a QoS flow is associated with UL PDU Set QoS parameters, DL PDU Set QoS parameters or both. However, it breaks the principle that one QoS flow is associated with the same QoS parameters for both DL and UL. Besides, If DL and UL of XRM traffic have different PDU Set QoS parameters, AF will provide them as two separate service data flows. Then SMF will map them to different QoS flows. 
Observation 2: DL and UL with different PDU Set QoS parameters will be provided by AF in two separate service data flows, which will be bind to two different QoS flows. 
Proposal 4: it is proposed not to separate PDU Set QoS parameters into UL and DL PDU Set QoS parameters associated with one single QoS flow. 
2.4 Operator control on UL PDU set QoS
During SA2#159 meeting, a principle question is raised, i.e., “Do we want to enable operators to take an informed (policy) decision which QoS they want to assign for uplink flows depending on whether PDU Set QoS can be supported in uplink direction or not.” As UE capability is the basic requirement for UL PDU set based handling. It is the NG-RAN’s scheduling determines which QoS can be supported for UL. Therefore, the principle question is actually “Do we want to enable operators to take an informed (policy) decision whether PDU Set QoS parameters shall be assigned for uplink flows depending on whether UE supports UL PDU set based handling or not.” Then a possible solution is, SMF determines whether PDU set QoS is applied to UL or not based on UE capability. SMF informs NG-RAN that the PDU set QoS is not applied to UL if UE does not support it. NG-RAN makes the decision whether to configure UL PDU set based handling based on whether PDU set QoS is applied to UL or not. 
However, as mentioned in section 2.1, RAN2 already defined the corresponding radio level capabilities for UL PDU set based handling, NG-RAN may configure UE to perform UL PDU set based handling (e.g., PDU set based discard, PSI based discard, DSR) based on the specific radio level capabilities reported by UE. That is, even if SMF provides PDU set QoS parameters without , NG-RAN will not configure UE to perform UL PDU set based handling as long as UE does not support the corresponding radio level capabilities. Therefore, there’s no additional benefit for the SMF to determine whether PDU set QoS is applied in UL or not based on UE capability and inform NG-RAN about it. 
Observation 3: NG-RAN configures UE to perform UL PDU set based handling only if UE reports the corresponding radio level capabilities. There’s no additional benefit for SMF to determine whether PDU Set QoS is applied in UL or not based on UE capability and inform NG-RAN.
Proposal 5: it is proposed not to impose operator control on whether UL PDU set QoS shall be assigned for UL or not depending on whether UE supports UL PDU set based handling or not. 
3	Proposals
Observation 1: the identification of PDU sets, data bursts and PSI is left to UE implementation.
Observation 2: DL and UL with different PDU Set QoS parameters will be provided by AF in two separate service data flows, which will be bind to two different QoS flows. 
Observation 3: NG-RAN configures UE to perform UL PDU set based handling only if UE reports the corresponding radio level capabilities. There’s no additional benefit for SMF to determine whether PDU Set QoS is applied in UL or not based on UE capability and inform NG-RAN.
Proposal 1: it is proposed how UE obtains Protocol Description is left to UE’s implementation. 
Proposal 2: it is proposed that there’s no need for SMF to instruct UE to perform UL PDU set identification. 
Proposal 3: it is proposed no UL PDU set based handling capability is introduced in NAS signaling.  
Proposal 4: it is proposed not to separate PDU Set QoS parameters into UL and DL PDU Set QoS parameters associated with one single QoS flow. 
Proposal 5: it is proposed not to impose operator control on whether UL PDU set QoS shall be assigned for UL or not depending on whether UE supports UL PDU set based handling or not. 
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