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1. Introduction
In RAN2#119-e meeting, agreements [1] on XR-awareness were made as shown below: 
	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
RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)


In this contribution, we will discuss the XR-awareness enhancements from RAN2 point of view.

2. Discussion
2.1 PDU Set handling
2.1.1 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 [1], 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 1.
· 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 1: 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 1: RAN to discuss how the intra-PDU Set information is conveyed in the PDCP header. 
2.1.2 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. If a PDU Set (I frame) is discarded for some reason, the associated PDU Sets (P frames) may not be successfully decoded and should be discarded as well. For this reason, it may be considered to carry inter-PDU Set related information in the PDCP header, e.g., Correlation PDU Set SN or Importance level of PDU Set. 
Proposal 2: Inter-PDU Set information may be considered to be carried in the PDCP header. 
2.1.3 PDU Set-based discard
If a PDU Set should be decoded/handled as a whole, all PDUs in a PDU Set should share the same delay deadline. If all PDUs are needed for a PDU Set and one PDU exceeds the deadline, PDU Set-based discard can be performed to save resources and unnecessary processing of PDUs. Furthermore, less important packets can be discarded when congestion happens to improve resource efficiency.
On uplink, it’s assumed that packets belonging to a PDU Set arrive at the PDCP transmitter at the same time, in this case, the legacy per-SDU discard timer can still be used. When the timer expires for a PDCP SDU, all PDUs of the corresponding PDU Set can be discarded.
On downlink, efficiently discarding unnecessary PDUs in the PDCP receiver may save processing overhead, for example, PDUs belonging to a dropped PDU Set may be discarded without performing deciphering/integrity verification/header decompression, etc. Furthermore, useless packets should not be delivered to the upper layer, which may reduce the decoding work of the application layer. Unlike legacy per PDCP entity t-Reordering timer, PDU Set t-Reordering timer can be considered and all PDUs of a PDU Set share the same PDU Set t-Reordering timer. The timer is started upon the first reception of a PDCP PDU belonging to a PDCP set from lower layer. When the PDU Set t-Reordering expires for a PDU Set, all PDUs of the PDU Set can be discarded.
Based on the discussion in 2.1.2, we can see that dependency between PDU Sets may be helpful when performing PDU Set based discard. If a PDU Set is discarded, all other PDU Sets associated with it may be discarded as well.
Proposal 3: On uplink, legacy per-SDU discard timer can be used to support PDU Set based discard. 
Proposal 4: On downlink, PDU Set t-Reordering timer can be considered to support PDU Set based discard.
2.1.4 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, inter-PDU Set information may also be informed from source gNB to target gNB.
Proposal 5: 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:
Proposal 1: RAN to discuss how the intra-PDU Set information is conveyed in the PDCP header. 
Proposal 2: Inter-PDU Set information may be considered to be carried in the PDCP header. 
Proposal 3: On uplink, legacy per-SDU discard timer can be used to support PDU Set based discard. 
Proposal 4: On downlink, PDU Set t-Reordering timer can be considered to support PDU Set based discard.
Proposal 5: During handover, PDU Set information can be considered to be forwarded from source gNB to target gNB.  
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