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This paper will provide our considerations on feedback enhancement, for which RAN2#119-e reached the following agreements.
· 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).
· 1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).
· 1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
· RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.
 
Discussion
For XR service, SA2 introduces PDU Set which contains one or more PDUs. In KI#4&5[2], the PDUs in a PDU Set need to be handled as a whole. Also, per PDU Set, the PDU Set delay budget (PSDB) would be introduced to define an upper bound for the time that a PDU Set may be delayed.
PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926 [27]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.
In the RAN2#119-e meeting, it is agreed that RAN2 needs to be aware of PDU Set and its characteristics, which is expected to enable capacity enhancement. From the RAN2 perspective, one important mechanism for capacity enhancement in the MAC layer would be data transfer. And in the same RAN2 meeting, dynamic grant scheduling is agreed as a baseline for capacity enhancement involving XR service.
· 1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
Combined with the above, we understand that the PDU Set-related information should be considered in the usage of dynamic grants.
[bookmark: _Toc115430041]RAN2 considers PDU Set-related information in the usage of dynamic grants.
A dynamic grant (DG) is a transmission resource which is dynamically scheduled by the gNB. A proper allocation of DG benefits the system capacity as well as the UE’s performance (e.g. to fulfil the data delay and data rate required). For this purpose, traffic or data-related information is very useful in the gNB scheduling decision.
In DL, the gNB knows how much data volume requires as well as the time the XR packets arrive, as the transmitter is itself. Accordingly, the gNB can use such data-related information for well-matched scheduling. Yet, the situation in UL changes. In UL, the UE is the transmitter. Thus, the gNB is hard to obtain such accurate information and then may fail to guarantee well-matched scheduling. To solve this problem, the BSR mechanism has been designed to inform the gNB with the data that a UE buffers. In detail, BSR MAC CE is used to contain and inform the gNB with the UL data volume per LCG. An LCG can contain four logical channels. Per the report of an LCG, the UE only tells the total data volume buffered in the four logical channels and thus the gNB cannot know the data volume of an LCH or PDU Set. In addition, the UE uses the BS Index to fill in Buffer Size and represent the range of the available data volume. The larger the BS Index is used, the more quantization errors causes between the actual buffer size and reported buffer size. Based on this, it is clear that the current BSR cannot tell the gNB of the accurate data volume for a specific LCH or PDU Set.
Another data information that a gNB needs but fails to have is data latency or data arrival time. According to the current BSR method, a Regular BSR can be triggered in the case of new data arrival but the cases are limited(see below). On the other hand, the gNB cannot obtain explicit time-related information in the BSR MAC CE. As a result, the gNB also fails to know the accurate time that a packet(e.g. PDU Set) arrives or how much latency remains for the packets. Without this information, it is problematic for the gNB to guarantee the PSDB required for a PDU Set.
A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
Based on the analysis above, we think that the current BSR is not sufficient for dynamic grants serving the XR traffic. If RAN2 confirms this issue, to well match the XR characteristics, we propose that the UE reports the accurate data volume and/or the remaining latency in finer granularity unit (e.g. LCH or PDU Set). Accordingly, new report triggering criteria would be introduced, e.g.
1) A report is triggered when a fresh PDU Set is available;
2) A report is triggered when the latency of a PDU Set buffered in the MAC layer approaches the PDSB.

Observation 1 [bookmark: _Toc114945445][bookmark: _Toc115430044]The current BSR is not sufficient for DG if the DG serves an XR service.
[bookmark: _Toc115430042]RAN2 confirms the current feedback mechanism on dynamic grant scheduling is not sufficient for the XR service. 
[bookmark: _Toc115430043]To guarantee the XR characteristics, RAN2 considers extra UE reporting which contains the accurate data volume and/or the remaining latency in finer granularity.

Conclusion
We have the following observations:
Observation 1	The current BSR is not sufficient for DG if the DG serves an XR service.

We have the following proposals:
Proposal 1	RAN2 considers PDU Set-related information in the usage of dynamic grants.
Proposal 2	RAN2 confirms the current feedback mechanism on dynamic grant scheduling is not sufficient for the XR service.
Proposal 3	To guarantee the XR characteristics, RAN2 considers extra UE reporting which contains the accurate data volume and/or the remaining latency in finer granularity.
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