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1. Introduction
RAN2#119 has discussed XR-awareness in RAN and reached the following agreement in [2]:
	· RAN2 should take SA2/SA4 work into account
· 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 further discuss UE feedback enhancements for XR capacity, e.g. how BSR can enhance capacity for XR. 
2. [bookmark: Proposal_Beacon]Discussion
In previous RAN1/2 meetings it was concluded that XR-awareness information provided from the core network is helpful for the XR-specific power saving enhancements and capacity enhancements. 

In TR 38.838, a model for XR traffic was agreed for evaluating capacity and power saving aspects in a 5G NR system. The model considers the multi-flow nature of XR traffic, which includes for example video, audio and pose flows, in DL and/or UL directions. The flows described in the TR have different periodicity and packet delay budget (PDB) constraints. 
SA2 has introduced the terminology of a PDU set. A PDU set is a set of packets (e.g. IP packets) that have dependency to each other and are important to the application for correct behaviour of the application (e.g. packets of a video frame that are required to decode the video). Such PDU set must have some common QoS treatment within the 3GPP network. This is particularly needed considering that individual IP packets within an XR PDU set (e.g., a video frame) are dependent on each other and must be all received within the expected PDB to be of any use by the end user application. The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN. The concept of a PDU-Set enables enhancements to efficient resource management in 5GS, e.g. in NG-RAN. One such example enables cell capacity increase. In this example NG-RAN may take a decision to not deliver any PDU of a given PDU-Set when NG-RAN can assess that not all PDUs constituting that PDU set are feasible to be delivered within a required time.

Delay-Aware scheduling
The gNB can take knowledge of PDU set delay into account in scheduling transmissions, e.g., by giving priority to transmissions close to their delay budget limit, and by not scheduling (e.g., UL) transmissions exceeding a PDU set delay budget. The UE can also take advantage of such knowledge to save UE’s power by determining if an UL transmission (e.g., PUCCH in response to PDSCH, UL pose, or PUSCH) corresponding to a transmission that exceeds its delay budget can be dropped. Additionally, UE does not need to wait for re-transmission of a PDSCH that will never occur (e.g., DRX retransmission timers can be stopped). For DL transmissions it is assumed that gNB is aware of the Remaining delay budget of the data pending for transmission, e.g., based on information provided by the SMF, and takes such knowledge into account in scheduling decisions. 

For UL resource allocation, it would be necessary that UE provides some assistance information regarding the remaining delay budget of the data pending in its buffer to the gNB. For example, information of a remaining valid duration for retransmission of a TB, a request of no further retransmission of a TB can be transmitted along with HARQ-ACK feedback or other uplink control information (UCI). We think that UE should also provide information on the delay budget of the data for which UL resources are requested when sending a buffer status report. 
Similarly, gNB would benefit from a notification by UE about UL data - which were reported in a BSR previously - for which the delay budget is exceeded. gNB can take such knowledge into account for an efficient resource allocation, e.g. avoiding to issue further UL grants for data pending in UE’s buffer which is of no use for the user. 

Observation 1. Providing the buffer delay information of a PDU set is beneficial for gNB to determine the remaining delay budget and dynamically adjust the scheduling priority based on the delay information. 

Proposal 1: RAN2 should discuss UE reporting enhancements to indicate information on the buffer delay information for a packet/PDU set:
· UE indicating information on the remaining delay budget of UL data to gNB, e.g. within the BSR. 
· UE notifying gNB when the delay budget is exceeded for data which has been previously reported in a BSR.  

BSR triggering and format enhancements
[bookmark: _Hlk109904009]As mentioned above, IP packets belonging to the same PDU set are correlated to each other, and the end-user performance depends on if all these IP packets belonging to a single PDU set are successfully delivered. Providing the amount of data of the PDU set is beneficial for gNB to schedule the suitable UL grant size to schedule them as a whole. However, the legacy BSR procedure does not well support the PDU set level buffer size reporting.
· Current BSR format indicates all the available data volume with LCHs in an LCG. If there’s more than one PDU set available for transmission for an LCH, NW cannot identify the buffer size for each PDU set in the BSR and  also cannot know the amount of data corresponding to the remaining delay budget information. Further, the BS index in the current 8-bit buffer size table would cause quantization errors between the actual buffer size and reported buffer size. Depending on the UL AR traffic model having data rate with 10Mbps and Frame rate with 60 FPS in TR 38.838, the quantization error may be more than several thousand bytes. RAN2 can discuss how to enhance the PDU set buffer size report format.
· There are 4 type of current BSR trigger event: 1) UL data with an LCH in an LCG with higher priority becomes available or UL data with an LCH in an LCG becomes available again after no UL data in an LCG is available; 2) number of padding bits is larger enough to include an BSR; 3) retxBSR-Timer expires and data is available in an LCG ; 4) periodicBSR-Timer expires. The event 1), 2) and 3) is not designed for the period arrival data. Due to the UL arrival jitter caused by variable coding delay depending on the variable packet size, it is difficult to set a suitable value of periodicBSR-Timer to adapt the periodical arrival with jitter. RAN2 can discuss whether the legacy BSR trigger events support the PDU set level buffer status report, if not, how to enhance the BSR trigger for a PDU set buffer size report.
Observation 2: Providing the buffer size of a PDU set is beneficial for gNB to schedule the suitable UL grant size to schedule the complete PDU set. 
Proposal 2: RAN2 to discuss enhancements to the BSR trigger conditions, e.g. support PDU set buffer size report, and BSR format, e.g. addressing the quantization errors.

Based on the description in TR 26.926, the IP packets for the XR traffic have importance parameter, which is assigned relative importance information (higher number means higher importance). Generally, I-frame is higher importance than P-frame, it’d better have different scheduling handling at NW based on the importance level. Currently, the I-frame and P-frames are in same QoS flow, and both are mapped to same DRB, in order to enable an efficient uplink scheduling RAN2 should discuss whether the importance parameter needs to be reflected in the scheduling procedure, e.g., in the BSR procedure.

Proposal 3: RAN2 to discuss the need of BSR enhancements to consider the importance of PDU set in case of I-frames and P-frames being mapped to the same QoS flow and same DRB.

3. Conclusion
In this contribution, we discuss UE feedback enhancements for XR capacity. We have the following proposals:
Observation 1. Providing the buffer delay information of a PDU set is beneficial for gNB to determine the remaining delay budget and dynamically adjust the scheduling priority based on the delay information. 

Observation 2: Providing the buffer size of a PDU set is beneficial for gNB to schedule the suitable UL grant size to schedule the complete PDU set.

Proposal 1: RAN2 should discuss UE reporting enhancements to indicate information on the buffer delay information for a packet/PDU set:
· UE indicating information on the remaining delay budget of UL data to gNB, e.g. within the BSR. 
· UE notifying gNB when the delay budget is exceeded for data which has been previously reported in a BSR.  

Proposal 2: RAN2 to discuss enhancements to the BSR trigger conditions, e.g. support PDU set buffer size report, and BSR format, e.g. addressing the quantization errors.

Proposal 3: RAN2 to discuss the need for BSR enhancements to consider the importance of PDU set in case of I-frames and P-frames being mapped to the same QoS flow and same DRB.
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