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1. Introduction
[bookmark: _Toc54284460]For the XR-specific capacity improvements, BSR enhancements for XR is one of the crucial issue. According to the latest RAN2#121 meeting agreements[1] and TR38835-i00 version report[2], the following agreements on BSR enhancements for XR are reached.

· [RAN2#121 meeting agreements]
	New agreements from RAN2#121 meeting:
· New BSR tables are fixed (=specified) or semi-static (RRC-based).
· FFS how many BSR tables are defined.




· [TR38835-i00 version report]
	-	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.
-	BSR enhancements including at least new BS Table(s);




However, there are still several questions need to be further discussed on BSR enhancement for XR. Such as :
· The details of new BS table(s): Are they fixed or fixed new BS tables or RRC configuration-based semi-static BS tables ?
· For the new BS table(s), is linear or exponential stepping used for the Buffer sizes mapped to each BS index ?
· Will there be one or more new BS tables be designed for XR ?
· Will a new BSR table is designed base on per LCH or per LCG? 
· How will the delay/remaining time will be reported and how will the reporting work?

In this contribution we will discuss the above unconfirmed questions on BSR enhancement for XR in RAN2 in detail. 
2. Discussion
2.1 Design of new BSR tables 
According to the latest RAN2#121 meeting discussion, several issues below on the design of new BSR tables were discussed. And we will analysis each of them one by one.

(1) Fixed new BS tables or RRC configuration-based semi-static BS tables 
(2) Is linear or exponential stepping used for the Buffer sizes mapped to each BS index
(3) Will there be one or more new BSR tables be designed for XR

It was discussed whether the New pre-defined (fixed value) tables or New BS tables based on NW configuration would be used. From the perspective of handing complexity in UE, network configuration-based solution will introduce extra processing load to establish a new BS table with the configuration of gNB by UE. And also, the network configuration-based solution requires gNB to estimate the traffic buffer size information to decide the RRC configuration of new BS table, which may requires gNB negotiating with UE to get the UL traffic buffer size information. Those requirements take time and may be difficult to achieve. Thus we not support the RRC configuration-based semi-static BSR tables solution. However, for the fixed new BSR tables solution, it may not be able to accurately reflect the amount of UL buffer size, but we can use multiple tables or multiple segments in one table to reflect the approximate size of the UL buffer size. 
Observation 1: RRC configuration-based semi-static BSR tables may introduce extra handing overhead in UE and gNB.

On the other hand, from the viewpoint of gNB uplink scheduling, gNB may not need to know the accurate amount of UL buffer size, the approximate amount of UL buffer size if enough to inform gNB for uplink scheduling. And the result of allocated uplink resource is based on gNB’s implementation, the UE report UL buffer size is only one of the impact factors for gNB’s uplink scheduling. Thus, from the point of view of simplifying system design, we propose to design a fixed new BS table for XR service.
Observation 2: The report UL buffer size is only one of the impact factors for gNB’s uplink scheduling when allocating uplink resources, the approximate amount of UL buffer size if enough to inform gNB for uplink scheduling.

Proposal 1: It is proposed to design a fixed new BS table for XR service for simplifying system design.

When the generation type of BSR tables is determined, we should further decide whether the linear or exponential stepping used for the Buffer sizes calculation when mapped to each BS index. In our opinion, when the BS index is very big, the linear Buffer sizes calculation way may also introduce a large quantification error. And the higher the index, the larger the quantification error. Thus the linear Buffer sizes calculation way is not supported. For the stepping Buffer sizes calculation way, the large quantification error can be resolved by introducing multiple step values to reflect the amount of data more accurately.

As to the issue if one or more new BSR tables should be designed for XR, we think it depends on the necessary of design of BSR tables. If one BSR table is enough, one new BSR table can be used, and if more new BSR tables are needed to reflect the different step values for UL traffic buffer size, more new BSR tables can be used.

Proposal 2: It is proposed to adopt stepping Buffer sizes calculation way for new BSR tables, and multiple step values to reflect the amount of data more accurately.

Proposal 3: Whether one or more new BSR tables should be designed for XR depends on the step values and buffer size of UL buffer size .

2.2 The reporting of the new BSR
According to the latest RAN2#121 meeting discussion, several issues below on the reporting of new BSR were discussed. And we will analysis them in the following chapter.

(1) Will a new BSR table be per LCH or per LCG ?
(2) How will the delay/remaining time reporting work ?
Before answering the above questions, first of all we need to define the new BSR table. As it was agreed in the last RAN2#120 meeting, delay information(e.g. remaining time) was 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, 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. 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. Since is was agreed by SA2 that for a QoS flow, PSDB is an optional parameter and when provided, the PSDB supersedes the PDB[3]. The PSDB of PDU Set can be a good choice to get the remaining time of the PDU Set.
Observation 3: UE may get the remaining time based on the PSDB of PDU Set.
Since the delay information 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 XR 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. As we know, PDU Set of XR traffic is located on the LCH, and multiple LCHs are combined with a LCG. In order to finer grained feedback delay information to gNB, LCH based delay report can be a better choice than LCG based delay report. Thus, in the new BSR MAC CE, the delay information should represent the remaining time of the LCH buffer. The average remaining delay of all the PDU Sets located on the LCH can be taken as the remaining time of the LCH buffer. Alternatively, the minimal or maximum remaining delay of all the PDU Sets located on the LCH can be taken as the remaining time of the LCH buffer. Moreover, the remaining delay can also take the BS table as an example to set different level to reflect the urgency degree of the remaining time to wait for scheduling.
And the buffer size together to be reported can be the sum of the amount buffer size of all the PDU Sets located on the LCH. By this way, UE is able to report the calculated delay information together with the calculated buffer size of each LCH to gNB by new BSR.
Proposal 4: The new BSR can be reported per LCH, and the new BSR table is also per LCH.
2.3 [bookmark: _GoBack]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 5: Whether the delay information and buffer size information should be included in one MAC CE need to be clarified for XR BSR by RAN2.
3. Conclusion
In this contribution, we provided our observations and proposals on BSR enhancements for XR as follows:
Observation 1: RRC configuration-based semi-static BSR tables may introduce extra handing overhead in UE and gNB.
Observation 2: The report UL buffer size is only one of the impact factors for gNB’s uplink scheduling when allocating uplink resources, the approximate amount of UL buffer size if enough to inform gNB for uplink scheduling.

Proposal 1: It is proposed to design a fixed new BSR tables for XR service for simplifying system design.
Proposal 2: It is proposed to adopt stepping Buffer sizes calculation way for new BSR tables, and multiple step values to reflect the amount of data more accurately.

Proposal 3: Whether one or more new BSR tables should be designed for XR depends on the step values and buffer size of UL buffer size .

Observation 3: UE may get the remaining time based on the PSDB of PDU Set.
Proposal 4: The new BSR can be reported per LCH or per PDU Set, and the new BSR table is also per LCH or per PDU Set.
Proposal 5: Whether the delay information and buffer size information should be included in one MAC CE need to be clarified for XR BSR by RAN2.
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