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Introduction
In the latest TR 38.835-100 [1], BSR enhancements for XR are captured as follows.
	[bookmark: _Toc121220904]5.3.2	Layer 2 Enhancements
In order to enhance the scheduling of uplink resources for XR, the following improvements are envisioned:
-	One or more additional BS table(s) to reduce the quantisation errors in BSR reporting (e.g. for high bit rates);
-	Delay knowledge of buffered data, consisting of e.g. remaining time, and distinguishing how much data is buffered for which delay. It is to be determined whether the delay information is reported as part of BSR or as a new MAC CE. Also, how the delay information can be up to date considering e.g. scheduling and transmission delays needs to be investigated further.
-	Additional BSR triggering conditions to allow timely availability of buffer status information can be investigated further.


RAN2 can further discuss details on BSR enhancements for capacity improvements.
Specifically, BSR enhancements have been considered in terms of 1) introducing new BS table(s) to reduce the quantisation errors, 2) considering delay knowledge, e.g., remaining time, of buffered data, and 3) additional BSR triggering conditions for timely BSR. In this document, we discuss BSR enhancements in light of the aforementioned three directions.
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New BS Table
In the current spec, the buffer size field of BSR is used to report an index representing a numeric buffer size interval that covers the actual buffer size. Current BS tables, both for short and long BSRs, are designed by exponential functions, such that the BS interval becomes wider—the granularity becomes lower—as the index (and hence, the BS) increases. 
Note that the motivation of introducing new BS table(s) arises from the fact that XR applications may entail large UL data bursts, e.g., AR with UL video traffic, such that the XR UL traffic amount may be reported by a BS index indicating a low granularity BS interval. 
On the other hand, some other applications, e.g., web browsing, may not incur substantial UL data burst. It means that these applications may not necessarily require a newly designed BSR table(s), and can be served with legacy BS tables without noticeable performance degradation.
Observation 1: For the applications that may not generate large UL data burst, legacy BS tables can be used without noticeable performance degradation.
Intuitively, when introducing a new BS table, we may face extra BSR overhead caused by the enlarged buffer size fields if the new BS table contains more BS indices than legacy BS tables. Also, if we keep the number of indices but only cover part of the BS range of interest with the new BS table, the new BS table may not support the case when the buffer size reported is out of the BS range of interest. As a result, the new BS table should be used on-demand for the LCG(s) or LCH(s) that entails large UL data bursts.
Based on the discussion above, we would like to propose the following.
Proposal 1: RAN2 is kindly asked to consider that gNB may configure UE in terms of LCG(s) or LCH(s), for which the new BS table may be used.
Note that the amount of XR traffic is highly dependent on the XR data rate, which can vary largely if, for example, corresponding frame rate changes, such that it is difficult to create a single BS table that is tailored for all the possible XR data rates.
Observation 2: Introducing a single new BS table cannot always provide fine granularity considering the fact that XR data rate can vary largely (e.g., due to different frame rates).    
Considering XR data rate can vary, we can think of two options: 
· Option 1: introducing multiple fixed BS tables with different characteristics.
· Option 2: introducing dynamic BS table, which can be constructed based on configurable parameter(s) and prescribed formula(s). 
Regarding option 1, multiple fixed BS tables can cover different ranges with different minimum and/or maximum buffer sizes, and can have different step size design, e.g., exponential or uniform, to be tailored for different ranges of buffer sizes. Also, each BS table among them can have unique table index, which can be used by gNB and/or UE to indicate which BS table is used. Regarding option 2, a new dynamic BS table can be constructed by configurable parameters, e.g., minimum and/or maximum buffer size, the number of BS indices, etc., with prescribed formula that how the BS table is constructed. The dynamic BS table can be constructed dynamically based on the parameters signalled by L2/L3 signalling, to provide fine granularity for different XR traffic characteristics.   
Proposal 2: RAN2 is kindly asked to discuss on the two options when introducing new BS tables: 
· Proposal 2-1: Multiple fixed BS tables with different characteristics, e.g., different minimum and/or maximum buffer sizes. 
· Proposal 2-2: Dynamic BS table constructed by configurable parameter(s) and/or prescribed formula(s).
Delay Information
One of the main characteristics of XR traffic is the tight delay requirement, which also applies to UL PDU sets. As indicated in [2], UL PDU set should be delivered from UE to gNB within namely 5G-AN PSDB. However, when a BSR is received, the gNB has no way to determine how urgently the buffered UL traffic should be scheduled. It may negatively affect system capacity, especially when the gNB has to decide how to allocate UL resources to multiple UEs for multiple PDU sets, given that the total UL resource requested by the UEs is more than that gNB can provide. 
It can be considered that informing the gNB of PSDB can improve system capacity via delay-aware scheduling. However, unlike DL case, where gNB is aware of when a PDU set has arrived at gNB, and hence, can infer the level of urgency of the PDU set, in UL case, gNB has little knowledge on when a PDU set has been generated and arrived at UE when conducting UL scheduling. It means that what gNB should know, to conduct proper UL scheduling, is the remaining time regarding the buffered data of each LCG/LCH, which can fully reflect the level of urgency.  
Observation 3: Among different types of delay information that UE can report in BSR or new MAC CE, it is enough for gNB to consider only remaining time per LCG/LCH for timely UL scheduling.
However, for a certain LCG/LCH, due to the arrival time of the buffered data can be different, so does the remaining time. If we report remaining time regarding all the buffered data per LCG/LCH, it may introduce multiple remaining time fields per LCG/LCH, and considering there can be multiple LCGs/LCHs, the resulting signalling overhead can overwhelm the potential gain.
Observation 4: Reporting remaining time for all the buffered data (via a BSR or a new MAC CE) per LCG/LCH may introduce too much signalling overhead.

Regarding the above issue, gNB may try to meet the delay requirements of PDU sets for as many UEs as possible, to maximize system capacity, such that more urgent PDU set is served before less urgent one. It means that the shortest remaining time among the buffered data per LCG/LCH can be considered to report. Also, UE can report the amount of urgent buffered data, where the urgency can be expressed by remaining time less than a certain threshold configured by gNB.  
Based on the discussion above, we would like to propose the following.
Proposal 3: RAN2 is kindly asked to discuss on the two options when introducing delay information for BSR or new MAC CE: 
· Proposal 3-1: Report the shortest remaining time of the buffered data per LCG/LCH via BSR or new MAC CE. 
· Proposal 3-2: Report the amount of buffered data, for which remaining time is less than a certain threshold per LCG/LCH via BSR or new MAC CE.
BSR Triggering
For the new BSR triggering condition, it is more reasonable to be discussed after determining how the delay information is considered in BSR or new MAC CE. We need to be certain about what kind of information will be reported in order to determine when to report it.  
Proposal 4: RAN2 is kindly asked to defer the discussion of new BSR triggering until it is determined how the delay information is considered in BSR or new MAC CE.

Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following observations and proposals:
Observation 1: For the applications that may not generate large UL data burst, legacy BS tables can be used without noticeable performance degradation.
Proposal 1: RAN2 is kindly asked to consider that gNB may configure UE in terms of LCG(s) or LCH(s), for which the new BS table may be used.
Observation 2: Introducing a single new BS table cannot always provide fine granularity considering the fact that XR data rate can vary largely (e.g., due to different frame rates).
Proposal 2: RAN2 is kindly asked to discuss on the two options when introducing new BS tables: 
· Proposal 2-1: Multiple fixed BS tables with different characteristics, e.g., different minimum and/or maximum buffer sizes. 
· Proposal 2-2: Dynamic BS table constructed by configurable parameter(s) and/or prescribed formula(s).
Observation 3: Among different types of delay information that UE can report in BSR or new MAC CE, it is enough for gNB to consider only remaining time per LCG/LCH for timely UL scheduling.
Observation 4: Reporting remaining time for all the buffered data (via a BSR or a new MAC CE) per LCG/LCH may introduce too much signalling overhead.
Proposal 3: RAN2 is kindly asked to discuss on the two options when introducing delay information for BSR or new MAC CE: 
· Proposal 3-1: Report the shortest remaining time of the buffered data per LCG/LCH via BSR or new MAC CE. 
· Proposal 3-2: Report the amount of buffered data, for which remaining time is less than a certain threshold per LCG/LCH via BSR or new MAC CE.
Proposal 4: RAN2 is kindly asked to defer the discussion of new BSR triggering until it is determined how the delay information is considered in BSR or new MAC CE.
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