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1	Background
PDU set handling feature may not be homogenously supported in the network. In this paper, the related procedures are provided to show when SMF provides NG-RAN with PDU set QoS parameters and when NG-RAN provides SMF with the indication of whether PDU Set QoS parameter is accepted or not, or the indication of supporting PDU set handling. Besides, the remaining Editor Note in 23.501 clause 5.37.5.3 and UL PDU set handling are discussed and resolved. 
2	Discussion
2.1 Related Procedures
[bookmark: _Toc510607477][bookmark: _Toc518306731]2.1.1	PDU session establishment/modification procedure
In PDU session establishment/modification procedure, SMF may provide NG-RAN with PDU Set QoS parameters associated with QoS flow. Fig.1 takes PDU session establishment procedure as an example. 
· In step 11 and 12, SMF provides NG-RAN (via AMF) with PDU Set QoS parameters associated with QoS flow in N2 SM information.
· In step 14 and 15, NG-RAN responds SMF (via AMF) with the indication of whether the PDU Set QoS parameter is accepted or not for the associated QoS flow in N2 SM information.
· In step 16a, SMF may indicate PSA UPF to activate PDU set marking if NG-RAN accepts the PDU Set QoS parameters.

[image: ]
Figure.1: UE-requested PDU Session Establishment for non-roaming and roaming with local breakout
2.1.2	N2 handover
It is stated in 23.501 clause 5.37.5.3 that,
At NG-RAN Xn handover and N2 handover, the target NG-RAN provides to the SMF with an indication of whether the target NG-RAN node supports PDU Set based handling, as specified in TS 38.413[34].
For N2 handover specified in 38.413 [1], AMF provides Handover Request Transfer in Handover Request message. The Handover Request Transfer contains PDU Session Resource Setup Request Transfer provided by SMF. That is, for N2 handover, it is obvious that SMF provides PDU Set QoS parameters in PDU Session Setup Request Transfer to target NG-RAN via AMF in steps 7 and 9 as shown in Fig.2. Then the target NG-RAN shall respond with the indication of whether PDU Set QoS parameter is accepted or not in Handover Request Acknowledge message in step 10, instead of the indication of whether target NG-RAN node supports PDU Set based handling. 
Proposal 1: For N2 handover, it is proposed that the target NG-RAN provides SMF with the indication of whether PDU Set QoS parameter is accepted or not.
After receiving the indication of PDU Set QoS parameter is accepted or not from target NG-RAN, SMF may inform PSA UPF to activate/deactivate PDU set identification and marking afterwards (e.g., in the inter NG-RAN node N2 based handover, execution phase). E.g., if both source NG-RAN and target NG-RAN supports (or do not support) PDU set handling, then no change for PSA UPF. Otherwise, SMF may either activate or deactivate the PDU set identification and marking at PSA UPF.
[image: ] 
Figure.2: N2 inter NG-RAN handover without UPF re-allocation
2.1.2	Xn based handover
For Xn based handover, there’re mainly two use cases depending on whether source NG-RAN provides PDU Set QoS parameters to the target NG-RAN or not. 
Case#1: the source NG-RAN does not provide PDU Set QoS parameters
E.g., the source NG-RAN is a legacy RAN node which does not support PDU set handling. The source NG-RAN node will ignore the PDU Set QoS parameters provided by SMF upon PDU session establishment/modification procedure. Therefore, the PDU Set QoS parameters will not be transmitted from the source NG-RAN upon Xn handover. In this case, the target NG-RAN provides the indication of supporting PDU set handling as long as it supports in Path Switch Request message in step 1b, which will be further forwarded to SMF in step 2. 
It does not make sense for the target NG-RAN to provide the indication of PDU set handling is not supported. Legacy NG-RAN will not provide the indication. And supporting NG-RAN should at least indicate SMF the indication of supporting PDU set handling in order to acquire PDU Set QoS parameters. After that, the target NG-RAN can accept the PDU Set QoS parameters or not based on its own condition. As long as no indication is provided, SMF will not provide PDU Set QoS parameter to the target NG-RAN. Therefore, 
Proposal 2: For Xn handover, it is proposed to change “an indication of whether the target NG-RAN node supports PDU Set based handling” into “the indication of supporting PDU set handling”.
For Case 1, SMF may inform PSA UPF to activate PDU set handling in step 3 if the target NG-RAN supports PDU set handling. Besides, SMF will provide the target NG-RAN with PDU Set QoS parameters via AMF in steps 6 and 7. After that, if the target NG-RAN indicates SMF that the PDU Set QoS parameter is not accepted, then SMF informs PSA UPF to deactivate PDU set marking. It depends on target NG-RAN’s implementation how to deal with the marked PDUs during handover procedure.
Case#2: the source NG-RAN provides PDU Set QoS parameters
E.g., if the source NG-RAN supports PDU set handling, it shall provide the available PDU set QoS parameters to the target NG-RAN upon Xn handover. In this case, the NG-RAN shall provide the indication of whether PDU set QoS parameter is accepted or not in step 1b, instead of the indication of supporting PDU set handling. SMF may inform PSA UPF to deactivate PDU set handling in step 3 if the target NG-RAN does not accept the PDU Set QoS parameters. 
Proposal 3: it is proposed target NG-RAN to provide the indication of whether PDU Set QoS parameter is accept or not, or the indication of supporting PDU set handling, depending on whether PDU set QoS parameters are 
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Figure.3: Xn based inter NG-RAN handover without UPF re-allocation
2.3 the remaining Editor Note
It is stated in 23.501 clause 5.37.5.3 that,
In the case where the PSA UPF identifies and marks PDUs with PDU Set information in GTP-U header it shall start doing so from a complete PDU Set.
Besides, there’s a remaining Editor note as follows,
[bookmark: _Hlk141862104]Editor's note:	In the case of handover from a source NG-RAN node not supporting PDU Set handling to a target NG-RAN node supporting PDU Set handling, whether there is a reason for the target NG-RAN node to temporarily handle both unmarked PDUs and marked PDUs within the same QoS flow is FFS.
In the case of handover from a source NG-RAN node not supporting PDU Set handling to a target NG-RAN node supporting PDU Set handling, PSA UPF needs to mark PDUs with PDU Set information in GTP-U header from a complete PDU set, which may result in PSA UPF sending both unmarked PDUs and marked PDUs for the same QoS flow. Lets take Xn based handover Case 1 as an example in Fig. 4 as follows. 


Fig.4 UPF stars marking from a complete PDU set
It is assumed that PDU set #N is composed of 10 PDUs and PDU set #N+1 is composed of 4 PDUs. Besides, it is assumed that PSA UPF receives indication of activating PDU set marking from SMF after PDU#2 of PDU set #N is sent to the source NG-RAN. Then PSA UPF may mark PDU#3 of PDU set #N with the End marker and stops sending PDUs to the source NG-RAN. PSA UPF starts PDU set identification from PDU#4 of PDU set #N. It starts marking until PDU#1 of PDU set #N+1, i.e., starts marking from a complete PDU set. By doing so, the Target NG-RAN receives unmarked PDU #4-10 of PDU set #N and marked PDU #1-4 of PDU set #N+1 from PSA UPF. Besides, the target NG-RAN receives unmarked PDUs from source NG-RAN by data forwarding, which stops by the PDU#3 with an End marker. That is, the target NG-RAN receives both unmarked PDUs (from source NG-RAN and PSA UPF) and marked PDUs (from PSA UPF) within the same QoS flow. The unmarked PDUs from source NG-RAN is unavoidable as source NG-RAN does not support PDU set handling. The unmarked PDUs from UPF is due to the fact that PSA UPF starts marking from a complete PDU set. 
If PSA UPF starts marking from an incomplete PDU set as shown in Fig.5, e.g., either mark single PDU as a PDU set or mark the remaining PDUs of one PDU set as a PDU set. However, the target NG-RAN still receives both unmarked PDUs (from source NG-RAN) and marked PDUs (from PSA UPF) in this case.  


Fig.5 UPF stars marking from an incomplete PDU set
Another question is when the target NG-RAN starts PDU set handling for air interface depends on when SMF provides PDU Set QoS parameters, which may happen anywhere after PDU#3 of PDU set #N. It depends on NG-RAN’s implementation how to deal with the unmarked PDUs and marked PDUs during handover. The final decision shall be discussed and made by RAN WG3. 
Proposal 4: it is proposed RAN WG3 to discuss whether and how the target NG-RAN node temporarily handles both unmarked PDUs and marked PDUs with the same QoS flow. 
2.4 UL PDU set handling
For uplink PDU set handling, RAN2 agrees that UE may perform PDU set discard and report PDU set remaining time, which should be determined based on PDU set information. The question is how UE’s AS layer obtain PDU set information associated with each packet? One possible solution is that UE’s Application layer provides PDU set information to UE’s AS layer. However, how could UE’s Application layer know when to provide PDU set information to UE’s AS layer? In legacy specification, SMF provides UE with QoS rules and possible QoS parameters (e.g., GMBR, MFBR, Session-AMBR). If PDU Set QoS parameters are to be provided to UE, it can be regarded as the trigger for UE’s NAS layer to indicate UE’s Application layer to provide PDU set information to UE’s AS layer. However, SMF provides GMBR, MFBR and Session-AMBR to UE in order for the UE to limit the uplink bit rate. There’s no motivation for SMF to provide PDU set QoS parameters to UE. Therefore, an explicit indication should be introduced from SMF to UE as the trigger.
Proposal 5: it is proposed SMF to provide an PDU set indicator associated with QoS flow to UE’s NAS layer. UE’s NAS layer further indicates UE’s application layer to provide PDU set information for the PDUs of the QoS flow to UE’s AS layer. 
3	Proposals
It is proposed to agree S2-239012, S2-2309013 and S2-2309014.
Proposal 1: For N2 handover, it is proposed that the target NG-RAN provides SMF with the indication of whether PDU Set QoS parameter is accepted or not.
Proposal 2: For Xn handover, it is proposed to change “an indication of whether the target NG-RAN node supports PDU Set based handling” into “the indication of supporting PDU set handling”.
Proposal 3: it is proposed target NG-RAN to provide the indication of whether PDU Set QoS parameter is accept or not, or the indication of supporting PDU set handling, depending on whether PDU set QoS parameters are provided by source NG-RAN or not. 
Proposal 4: it is proposed RAN WG3 to discuss whether and how the target NG-RAN node temporarily handles both unmarked PDUs and marked PDUs with the same QoS flow. 
Proposal 5: it is proposed SMF to provide an PDU set indicator associated with QoS flow to UE’s NAS layer. UE’s NAS layer further indicates UE’s application layer to provide PDU set information for the PDUs of the QoS flow to UE’s AS layer. 
3	Reference
[1] 3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".
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