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1. Introduction
[bookmark: _Toc54284460]In RAN2#120 meeting[1], some consensuses on BSR enhancement for XR have been reached, which are shown as follows,
· RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
· RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 
· RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at base station. This can be discussed in WI phase.

In this contribution, some issues on BSR enhancements for XR-specific capacity improvement will be discussed.
2. Discussion
2.1 The granularity of delay information reported in XR BSR
As is agreed in the last RAN2#120 meeting, delay information(e.g. remaining time) is reported together with data volume information by BSR to gNB. Since XR service is delay-sensitive traffic, with the delay information(e.g. remaining time) reported to gNB, the gNB is able to recognize the delay urgency of the specific buffer for XR service, and further perform delay-aware uplink scheduling to fulfill the XR delay requirement.
To support the delay information(e.g. remaining time) reporting in BSR, first of all we need to answer the following questions:
1　 How to define the delay information?
For this question, we need to ensure what kind of delay information is necessary for gNB when gNB performs uplink scheduling. The possible choices can be the remaining time, the already transmitted time, the total time on Uu and so on. From the viewpoint of gNB, the remaining time can be a good choice to get the degree to urgency for traffic scheduling. But we need to make the final decision. In addition, how to get the time information by UE is also an essential question. In order to get the delay information when reporting by UE, the possible solutions can be concluded by PSDB of PDU Set, or concluded by PDB of Qos flow, or concluded by implementation and so on. The above each mechanism has its cons and pros, RAN2 needs to make the final decision on how to define the delay.
2　 What’s the granularity of the delay when reporting?
Since the delay is reported together with buffer size by UE, we can firstly analysis how to report the buffer size by UE. For the legacy mechanism, buffer size is reported with the granularity of LCG, which contains several LCHs, and service available data is located on the LCHs. In the 3gpp discussion, we think delay is closely associated with buffer size, it is proposed that we need to distinguish how much data is buffered for which delay. If we take the granularity of buffer size as a reference, the granularity of delay can be per LCG, or finer granularity of per LCH. It means the delay represents the remaining time of the LCG buffer or remaining time of LCH buffer. 
In addition, since the XR traffic is transmitted by PDU Set on Uu interface, one PDU Set corresponds to one video frame of application layer, and the PSDB delay info is also defined with the granularity of PDU Set. Thus the per PDU Set(s) granularity of delay can also be considered. In this case, the buffer is also reported with the granularity of per PDU Set(s). It means the delay represents the remaining time of the per PDU Set(s) buffer. The above each mechanism has its cons and pros, RAN2 needs to make the final decision on use which granularity for the delay.
Proposal 1: The define and the granularity of the delay information need to be clarified firstly for XR BSR by RAN2.
2.2 The format of XR BSR MAC CE
For XR service, delay information and buffer size information are both needed when reporting to gNB. After we resolve the problem of reporting granularity of delay information and buffer size, the next thing is to decide in which way to report the delay info and buffer size info to gNB. For the legacy BSR, it is reported by a dedicated UL MAC CE, i.e., the legacy BSR, which contains buffer size information of the having available data’s LCG. For XR BSR reporting format, the following possible mechanism can be considered:
1) Delay information is reported together with buffer size in a dedicated UL MAC CE;
In this case, a dedicated UL MAC CE(XR BSR) need to be designed for XR service.
2) Delay information and buffer size is separately reported by independent two UL MAC CEs; 
In this case, the buffer size information is located in a UL MAC CE, and the delay information is located in another UL MAC CE. Since the buffer size and delay information is closely related, the two UL MAC CEs need to be reported to gNB simultaneously. And also the relationship between the two UL MAC CEs need to be informed to gNB, such as using the delay/buffer size granularity of LCH or LCG or PDU set to associate the two UL MAC CEs. For example, if in one MAC CE, the buffer size variation is reported per LCH, and in another MAC CE, the remaining time of the buffer size variation is reported per LCH, then the gNB is able to get the each LCH’s buffer size variation and remaining time of the buffer size variation by the LCH ID. 
The above each mechanism has its cons and pros, RAN2 need to make the final decision between the above choices.
Proposal 2: Whether the delay information and buffer size information should be included in one MAC CE need to be clarified for XR BSR by RAN2.
2.3 The differentiated uplink resource scheduling and indication
Since both XR service and legacy service(e.g. eMBB/uRLLC) are supported by 5G, it is possible that both traffic may report BSR to gNB for traffic uplink scheduling. If the XR BSR is designed for XR service and it is distinguished with the legacy BSR, the XR BSR may be reported to gNB together with the legacy BSR. In this case, gNB needs to perform differentiated resource scheduling for legacy service and delay-sensitive XR service because of the differentiated service requirement. To be specific, gNB may need to perform delay-aware scheduling for XR service. In this case, gNB needs to indicate UE the differentiated resource result.
Observation 1: For XR service, the BSR reporting is based on delay-aware, gNB may perform delay-aware scheduling.
After the UE receives differentiated resource result for legacy service and XR service from gNB, it needs to allocate the uplink resource to the having available data’s LCHs, i.e., to perform LCP procedure. For legacy service, the standard LCP procedure specified in TS38.321 is available. While for the XR service, since it is delay-sensitive BSR reporting and the scheduled resource by gNB is also delay-considered, it is necessary for the UE to perform delay-aware resource allocation. Thus the delay factor need to be considered during LCP procedure, and the associated algorithm need to be enhanced.  
Proposal 3: For XR service, the resource allocation of LCP procedure may need to be delay-aware.
3. Conclusion
In this contribution, The followings are proposed:
Proposal 1: The define and the granularity of the delay information need to be clarified firstly for XR BSR by RAN2.
Proposal 2: Whether the delay information and buffer size information should be included in one MAC CE need to be clarified for XR BSR by RAN2.
Observation 1: For XR service, the BSR reporting is based on delay-aware, gNB may perform delay-aware scheduling.
Proposal 3: For XR service, the resource allocation of LCP procedure may need to be delay-aware.
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