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1. Introduction
In RAN2#119bis-e meeting, PDU Set QoS handling was discussed, and agreements [1] on XR-awareness were made as below: 
	Capture the models 1a/b, 2a/b in TR and indicate what is possible in current specifications and how. FFS how LCH options work in each case
SDAP maps each data packet in a PDU set to a single PDCP SDU, as in legacy (i.e. each PDU is only mapped to a single SDU).
HARQ and RLC re-/transmissions for XR traffic are done as in legacy (i.e. they are not based on XR PDU sets).


In this contribution, we provide our views on PDU Set for XR awareness from RAN2 point of view.

2. Discussion
2.1 LCH configurations for different PDU Sets and DRBs mapping
Based on the agreements achieved in RAN2#119bis-e, the latest TR38.835 Clause 5.1.2 captures 4 PDU Sets and DRB mapping alternatives. Since how DRB(s) is/are mapped to LCH(s) for each of the alternatives are still FFS, firstly, we would like to provide our views on it.
Currently, without considering split bearer and PDCP packet duplication, the QoS handling is based on DRB with the rule that one DRB is mapped to one PDCP, RLC entity, MAC LCH. Both alternatives 111 and N1N can map different PDU Set to individual DRB, so one to one DRB(s) to LCH(s) mapping could be enough for PDU set based Qos handling, this can be depicted in Figure 1. 
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Figure 1: Alternatives 111 and N1N with DRB(s)/ LCH(s) mapping
As shown in Figure 1, current QoS handling can support alternative 111 to provide different QoS for different PDU Set types without spec enhancements. On the other hand, for supporting QoS handing of alternative N1N, SDAP shall be enhanced to support mapping a single QoS flow A to multiple DRBs. SA2 has captured their enhancements for supporting PDU Set in downlink in [2], e.g., PDU Set importance, PDU Set Integrated Indication. With such enhanced PDU Set related parameter/information provided by the CN, it is feasible to enhance SDAP layer to support mapping a single QoS flow A to multiple DRBs.
Observation 1: For supporting QoS handing of alternative N1N, SDAP shall be enhanced to support mapping a single QoS flow A to multiple DRBs.
Observation 2: With SA2 concluded PDU Set related parameter/information provided by the CN, it is feasible to enhance SDAP layer to support mapping a single QoS flow A to multiple DRBs.
Regarding alternatives NN1 and N11, the issue is how to provide different QoS handling with a single DRB. We have two options of DRB(s), to LCH(s) mapping, 1 to 1 or 1 to multiple, as shown in Figure 2. 
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Figure 2: Options of DRB(s)/ LCH(s) mapping for alternatives NN1 and N11

Currently, without considering split bearer, each DRB is associated with one PDCP entity. For option 1, enhancements of associating multiple PDCP entities with a single DRB is needed, while no RLC and MAC enhancements are foreseen since each PDCP entity is still linked to one RLC and one LCH. Compared to option 1, option 2 keeps the rule that one DRB is mapped to one PDCP, RLC entity, MAC LCH, that means PDU Set awareness QoS handling enhancement are necessary at PDCP, RLC and MAC. It may need lots of time to discuss details and finally result in a huge spec impact. Based on the above analysis, we propose to exclude option 2 during the study phase.
[bookmark: _Hlk117617034]Proposal 1: RAN2 to assume the option 1 of DRB(s)/ LCH(s) mapping for alternatives NN1 and N11 to ensure PDU set based QoS handling.
If proposal 1 can be agreed, 4 alternatives with DRB(s)/ LCH(s) mapping can be illustrated in Figure 3. 
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Figure 3: 4 alternatives with DRB(s)/ LCH(s) mapping
Moreover, spec impact of 4 alternatives in Figure 3 can be summarized in Table 1.

Table 1 Specification impact analysis of 4 alternatives in Figure 3.

	Spec impacts
	Alternative 111
	Alternative NN1
	Alternative N11
	Alternative N1N

	SDAP
	none
	none
	none
	Yes, mapping a single QoS flow to multiple DRBs is needed

	PDCP
	none
	Yes, associating a single DRB with multiple PDCP entities is needed
	Yes, associating a single DRB with multiple PDCP entities is needed
	none

	RLC
	none
	none
	none
	none

	MAC
	none
	none
	none
	none



Proposal 2: If Proposal 1 can be agreed, capture Figure 3 and Table 1 to TR38.835.
 Since this meeting is the last working group meeting for completing the whole study, we would like to discuss further on down-selection of the above 4 alternatives. Our understanding is that if SA2 agrees to introduce sub-QoS flow, then alternative 111 and NN1 are potential solutions whereas alternative N11 and N1N are potential solutions with current QoS flow definition. Based on specification impact analysis summarized in Table 1, we propose to down-select alternatives NN1 and N11 for proceeding normative work.
Proposal 3: RAN2 to agree to work further on alternative 111 (if SA2 agrees to introduce sub-Qos flow) and alternative N1N (with current QoS flow definition) during normative phase. 

2.2 PDU Set handling
2.2.1 intra-PDU Set
As discussed in RAN2#119-e meeting, PDU Set information may be useful for better support of XR services. In TR 23.700-60 [2], SA2 is discussing what PDU Set information is required and how it should be transmitted. Similarly, it would be helpful if PDU Set information is transmitted between RAN and UE. Since PDU Set information (e.g., PDU Set SN, the number of PDUs within a PDU Set) may change dynamically, this information should be conveyed in-band, i.e., encoded in the L2 header. 
We think the PDCP layer is a good choice for conveying PDU Set information. Since PDU Set information is conveyed in-band within the PDCP header and hence in each PDCP Data PDU, the overhead caused by the newly introduced fields needs to be considered. Furthermore, current PDCP operations are based on continuous COUNT values, such as reordering, so the PDU Set handling should not significantly impact the existing COUNT-based mechanism.
Based on the discussion above, the following fields may be introduced to PDCP Data PDU for intra-PDU handling. An example is shown in Figure 4.
· PDU Set SN: This field indicates the SN of the PDU Set to which the PDCP Data PDU belongs.
· Start Indication: This field indicates whether the PDCP Data PDU is the first PDU of the PDU Set to which it belongs. 
· End Indication: This field indicates whether this PDCP Data PDU is the last PDU of the PDU Set to which it belongs. 
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Figure 4: new PDCP Data PDU format for PDU Set with 1-byte PDU Set SN
For the new PDCP Data PDU structure, the COUNT value is continuous as legacy, and the range of COUNT that belongs to a PDU Set is [the COUNT of the PDCP Data PDU with Start Indication set to 1, the COUNT of the PDCP Data PDU with End Indication set to 1]. Therefore, the existing COUNT-based procedure (e.g. ciphering/integrity protection/reordering) can still be used, and PDU Set related operations (e.g. judging whether at least one PDU is lost for a PDU Set) can be performed on top of it. 
Proposal 4: RAN2 to discuss how the intra-PDU Set information is conveyed in the PDCP header. 

2.2.2 inter-PDU Set
There is the case that certain PDU Sets depend on other PDU Sets for decoding. For example, the decoding of P frame may depend on I frame in a GOP. However, according to the conclusions made by SA2 in TR 23.700-60 clause 8 [2], dependency information between PDU Sets has been removed and won’t be sent from CN to RAN. Therefore, without dependency information between PDU Sets, we propose that RAN doesn’t consider inter-PDU Set handling. To align with the behaviour of downlink, we also propose UE not to consider inter-PDU Set handling on uplink.
Proposal 5: RAN2 not to discuss inter-PDU Set handling. 

2.2.3 handover
During handover, PDU Set related information, such as PDU Set QoS parameters, may need to be transmitted from source gNB to target gNB. 
For a PDU Set that has not been successfully transmitted in source gNB, for example, only a part of the PDUs belonging to the PDU Set have been acknowledged, other PDUs that have not been successfully transmitted need to be forwarded to the target gNB together with the PDU Set information. That is, PDU Set SN may also need to be maintained in target gNB. The source gNB may inform the target gNB about PDU Set SN, Start / End indication, etc. If needed, PDU Set importance information may also be informed from source gNB to target gNB.
Proposal 6: During handover, PDU Set information can be considered to be forwarded from source gNB to target gNB.  

3. Conclusion
In this paper, we provide our view on XR-awareness, and have the following proposals:
Observation 1: For supporting QoS handing of alternative N1N, SDAP shall support mapping a single QoS flow A to multiple DRBs.
Observation 2: With SA2 concluded PDU set related parameter/information provided by the CN, it is feasible to enhance SDAP layer to support mapping a single QoS flow A to multiple DRBs.
Proposal 1: RAN2 to assume the option 1 of DRB(s)/ LCH(s) mapping for alternatives NN1 and N11 to ensure PDU set based QoS handling.
Proposal 2: If Proposal 1 can be agreed, capture Figure 3 and Table 1 to TR38.835.
Proposal 3: RAN2 to agree to work further on alternative 111 (if SA2 agrees to introduce sub-Qos flow) and alternative N1N (with current QoS flow definition) during normative phase.
Proposal 4: RAN2 to discuss how the intra-PDU Set information is conveyed in the PDCP header. 
Proposal 5: RAN2 not to discuss inter-PDU Set handling. 
Proposal 6: During handover, PDU Set information can be considered to be forwarded from source gNB to target gNB.  
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