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Introduction
According to the description of Rel-18 study item on NR enhancements for XR [1], RAN2 should study how radio resources for XR services can be improved:
	3. Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



During RAN2 #119e, the following agreements have been reached to identify the main directions of potential enhancements for capacity improvement in this SI:
	RAN2 #119e Agreements
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.




Moreover, potential BSR enhancement has been considered in RAN1 #110, which leads to the following agreement:
	RAN1 #110 Agreements

Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
· Note that companies should indicate if and what BSR enhancement is assumed in their RAN1 proposals on CG and DG enhancements.
· RAN1 can evaluate BSR enhancement to improve capacity performance




Based on these agreements, it is clear that potential BSR enhancement should be examined in RAN2 this Rel-18 SI. Thus, this paper aims to provide some of our views about how BSR could be enhanced to facilitate more efficient resource allocation by taking XR characteristics into account.
Discussions
BSR with Higher Accuracy
BSR is a crucial mechanism that allows the gNB to know how much uplink data has arrived at the UE, and the gNB is able to determine the size of the uplink grant based on such information. Without BSR information, the gNB may either allocate an uplink grant that is insufficient to accommodate all uplink data in the UE buffer, or an uplink grant that is much larger than what is needed and therefore results in resource wastage. 
The buffer size level in the BSR MAC CE is indicated by using look-up table. In particular, Table 6.1.3.1-1 and Table 6.1.3.1-2 in TS 38.321 [2] provides index entries corresponding to different buffer size ranges (in bytes). It is worth noting that, for XR use cases it may be quite often for the UE to transmit large packets, and in such situations the buffer size entries with higher index values are more likely to be indicated in BSR MAC CE. Unfortunately, the quantization error of buffer size level may not be negligible when these higher index values are used. For example, in Table 6.1.3.1-2, the buffer size index 252 represents buffer size smaller or equal to 76380419 bytes, while the buffer size index 253 represents buffer size smaller or equal to 81338368 bytes; as a result, the quantization error may be as large as 4957949 bytes. To be on the safe side, the gNB would allocate the uplink grant in accordance with the largest possible buffer size based on the BSR MAC CE. However, with such a large quantization error in the existing buffer size tables, the gNB may allocate too much radio resource and significant resource wastage in XR can be anticipated. 
According to TR 38.838 [3], if the network is able to obtain more accurate information about the UE uplink buffer, the capacity performance can be improved by 10-20%, as compared to legacy BSR. Hence, we think it makes sense to introduce BSR with a finer granularity for buffer size levels in Rel-18. 
Proposal 1: RAN2 should consider BSR enhancement to achieve finer granularity buffer size levels.

BSR with Indication of Buffered PDU Set Characteristics
SA2 has been discussing the possibility of delivering some PDU Set characteristics information to RAN. As an example, different PDU sets in one traffic flow for certain XR applications may have different “importance” levels (e.g. an important PDU set may correspond to an I-Frame of video, while PDU sets representing other video frames such as P-Frame may be considered as “less important”), and SA2 has considered to following options about how PDU set importance level can be indicated to RAN:
	· Option 1: use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.
· Option 2: use one QoS flow for different PDU Set with different priority level
· Option 2.1: use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header
· Option 2.2: use PDU Set importance information in GTP-U header



No matter which of the options will be adopted, it is entirely possible that PDU sets with different importance levels are mapped to the same DRB of the UE. For example, it is more desirable from UE perspective to mix multiple QoS flows on to one DRB, in order to simplify implementation. Additionally, it is conceivable that PDU sets with different importance levels may have different reliability targets, and hence the gNB may not be able to allocate uplink resource appropriately if it does know the importance level of PDU set that has arrived in the uplink buffer at the UE. Specifically, the gNB may always allocate radio resources with higher reliability target (e.g. lower MCS and/or more repetitions) for a DRB to ensure important PDU sets mapped to this DRB can always be delivered, even though most of other PDU sets in the same DRB are less important; this apparently degrades resource efficiency quite significantly.
On the other hand, in order to assist more appropriate uplink scheduling for PDU sets, the UE may also provide some information relating to the PDU sets that have arrived in the buffer, such as the size of each PDU in the PDU set, and the number of PDUs in the PDU set etc. 
From our point of view, it is useful for the UE to indicate some of these characteristics of the PDU set(s) arrived in the uplink buffer, such as PDU Set importance level, number of PDU in the PDU set etc. Hence, in order to enhance BSR to accommodate XR use cases, we think UE should be allowed to use BSR to indicate certain characteristics of PDU sets that have arrived in the buffer.
Proposal 2: RAN2 should consider BSR enhancement to indicate certain characteristics of PDU Sets arrived in the buffer, such as PDU Set importance and number of PDUs in the PDU Set.

Conclusions
This contribution provides some of our views on possible BSR enhancements for Rel-18 XR. In particular, we propose the following:
Proposal 1: RAN2 should consider BSR enhancement to achieve finer granularity buffer size levels.
Proposal 2: RAN2 should consider BSR enhancement to indicate certain characteristics of PDU Sets arrived in the buffer, such as PDU Set importance and number of PDUs in the PDU Set.
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