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Introduction
According to the revised WID for NR XR [1], RAN2 should specify BSR enhancements (including at least new BS table) for capacity improvement. We have reached the following agreements so far:
	RAN2 #121bis-e Agreements:
[bookmark: _Hlk133395723]1. 	As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 
3.	Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made. 
5.	At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
8.	New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
6. 	Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.
4. 	As working assumption (depending on how we create the new BSR table(s) and the MAC CE format), If more than one new BSR table are introduced, all of them have the same size BS field. FFS on the exact size. 

RAN2 #122 Agreements:
Support one static BSR table with 8 bits BS field for Rel-18 XR (for all cases).
We do not support additional piecewise linear BSR table in Rel-18. Can consider piecewise linearity when discussing how the BSR table values are defined.



Discussions
In this paper, we first present our views on the enhancements relating to new BS tables, including how the new BS table should be designed, how does the UE select between the legacy and the new table, and how does the network know which table is selected. Secondly, we discuss some of the potential UE behaviors of handling pending SR/BSR in the events of packet discarding.
BSR Enhancements with New BS Table
Design of New Static BS Table
RAN2 has agreed to introduce a new static 8-bits BS table, which can complement the legacy BS table by offering finer granularity and hence reducing the quantization error. In addition, the new BS table should cover a narrower range than the legacy table. With all these considerations in mind, we think the new BS table should aim to cover a range of higher BS values, where the quantization error with the legacy table is more pronounced. 
The new BS table can be defined by three components, namely the maximum BS value (B_max), the minimum BS value (B_min), and the step size. Since we have already agreed that the new BS table has 256 entries (8-bits) and should be based on uniform distribution, the step size is straightforward as soon as both B_max and B_min are determined. That is, the step size is simply (B_max – B_min)/255. Thus, we focus on how B_max and B_min should be selected.
For the sake of simplicity, we think we can align the B_max with the legacy BS table, because if the buffer sizes near the B_max of the legacy table can be expected by the traditional use cases, it is reasonable to anticipate the same in XR use cases. On the other hand, the value of B_min can be selected as the point where the maximum quantization error starts to become intolerable with the legacy table.
A simple illustration of our views on buffer size range of new BS table(s) is shown in Figure 1:
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Figure 1 Illustration of the Buffer Size range to be covered by the new BS Table (comparing to the legacy BS Table)
Proposal 1: For the new BS table, the B_max can be aligned with the legacy BS table, while the B_min can be selected as the point where the maximum quantization error with the legacy BS table starts to become intolerable.

BS Table Selection
There are also instances where the XR buffer size for an LCG is not within the narrow range covered by the new BS table. In light of this, RAN2 has made the following agreement:
	6. 	Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.



In our views, a sensible implementation reflecting this agreement would be: a LCG for XR traffic can be configured to switch between the legacy BS table and the new BS table. Since the new BS table aims to the cover the higher BS value range, the LCG for XR traffic should be able to select the BS table depending on its buffer size. To be specific, the new BS table should be used for this LCG, when the buffer size is in the range covered by the new BS table; otherwise, if the buffer size is not within the range covered by the new BS table, the UE can select the legacy BS table instead. If the new BS table is designed in accordance with Proposal 1, then the selection criteria is simply whether the BS value is larger or smaller than the B_min of the new BS table.
There are some proposals that mandate the UE to select the BS table that provides the lower quantization error with respect to the instantaneous buffer size of the LCG. From our perspective, it potentially increases UE complexity as the UE may need to “try out” every BS table in order to make the selection. Thus, we think it is much simpler if the UE can just map the instantaneous buffer size to a table without checking the resultant quantization error. 
On the other hand, for the LCG corresponding to non-XR traffics, the legacy BS table may be sufficient, and therefore this is not necessary to configure such BS table switching behavior for the non-XR LCG. However, we understand this is up to network implementation on whether a LCG should be configured to have such behavior or not. A simple illustration of mapping between LCGs and BS tables is depicted in Figure 2:
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Figure 2 An illustration of BS table selection for different LCG
Proposal 2: An LCG can be configured to select between the legacy BS table and the new BS table, based on whether its buffer size is in the range of the new BS table or not.

BS Table Indication
Following the discussions above, it is clear that the gNB needs to know which BS table is chosen by the UE for the LCG corresponding to XR traffics, in order to decode the BSR correctly. Furthermore, we may have the cases where different BS tables are selected for multiple LCGs with data available in the buffer. To report BSR associating to different BS tables for different LCGs, we have considered the following options to handle such situations:
· Option 1: The BS table is indicated by the LCID of the MAC CE, and only the LCGs selecting the same BS table can be reported in the same BSR MAC CE. The BSR for LCGs selecting different BS table should be transmitted using a separate BSR MAC CE with a different LCID.
· Option 2: The BS table is indicated by the LCID of the MAC CE, and the LCGs to be reported in the same BSR MAC CE are enforced to select the BS table corresponding to the LCID, regardless of the configured BS table selection rule.
· Option 3: Introduce a new field in the BSR MAC CE along with identification of LCG, which indicates the BS table selected by each LCG.
With Option 1, when different BS tables are selected for multiple LCGs, the UE needs to send two or more separate BSR MAC CEs (one for each BS Table) with different LCIDs, depending on how many BS tables in total are used by these LCGs. This is indeed very inefficient in terms of overhead and latency, especially we can only have up to one BSR MAC CE in one MAC PDU according to TS 38.321.
With Option 2, one or more LCGs may be enforced to use an inappropriate BS table in spite of the potential large quantization error. For example, a LCG may have to use the new BS table in order to send its BSR together with other LCGs in the same BSR MAC CE, even if the buffer size of the LCG is actually out of the range of new BS table. The advantages of having a new BS table with lower quantization error may be diminished eventually if this option is adopted.
With Option 3, we need a new BSR MAC CE structure comprising BS table indication associating to each LCG ID. This provides a clear picture to the gNB about which BS table is selected for a LCG, and so the BSR can be decoded correctly. As compared to Option 1 and Option 2, we think Option 3 is the most sensible approach.
Proposal 3: To report the BS of multiple LCGs selecting different BS tables in one single BSR MAC CE, RAN2 should introduce a new BSR MAC CE structure comprising indication of BS table selection along with identification of LCGs.

Handling of Pending SR/BSR Upon Packet Discarding
According to TS 38.321, the triggered BSR may be cancelled if all pending data in the buffer can be transmitted on a MAC PDU:
	TS 38.321:
All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader.



Essentially, when the UL grant is able to accommodate all the data, the pending BSR is no longer needed as the buffer becomes empty. With the similar train of thought, we think there could be a scenario where a BSR is triggered based on UL data availability in a LCH, but then the buffer becomes empty due to packet discarding, even before the triggered BSR is transmitted. Since packet discarding may become much more frequent in Rel-18 XR (due to both PDU Set discarding and PSI-based discarding), this could be a common situation especially when there is network congestion and PSI-based discarding mechanism is activated. In such cases, we think the already-triggered BSR can be cancelled upon packet discarding that results in empty buffer, as the triggering event of this BSR (i.e. UL data availability) may no longer be valid when packets are discarded.
Proposal 4: RAN2 can consider cancellation of a pending BSR upon packet discarding that results in empty buffer.
In addition, according to TS 38.321 the UE can stop an ongoing Random Access procedure for a SR if all the data in the buffer can already be accommodated by a UL grant or when the BSR can be transmitted in a MAC PDU:
	TS 38.321:
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BSR, which was initiated by the MAC entity prior to the MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly; or
-	the UL grant(s) can accommodate all pending data available for transmission.


 
When all data in the buffer are discarded, there is no need to transmit the pending BSR/SR that has led to a random access procedure. Hence, we think the UE can also stop the ongoing random access procedure in this case, as this is also beneficial in terms of reducing UL signaling when e.g. congestion is present.
Proposal 5: An ongoing Random Access procedure due to a pending SR for BSR can be stopped, if all pending data in the buffer of LCH/LCG that triggers the pending SR/BSR are discarded.

Conclusions
This paper presents some of our views on BSR enhancements for Rel-18 XR. We propose the following:
Proposal 1: For the new BS table, the B_max can be aligned with the legacy BS table, while the B_min can be selected as the point where the maximum quantization error with the legacy BS table starts to become intolerable.
Proposal 2: An LCG can be configured to select between the legacy BS table and the new BS table, based on whether its buffer size is in the range of the new BS table or not.
Proposal 3: To report the BS of multiple LCGs selecting different BS tables in one single BSR MAC CE, RAN2 should introduce a new BSR MAC CE structure comprising indication of BS table selection along with identification of LCGs.
Proposal 4: RAN2 can consider cancellation of a pending BSR upon packet discarding that results in empty buffer.
Proposal 5: An ongoing Random Access procedure due to a pending SR for BSR can be stopped, if all pending data in the buffer of LCH/LCG that triggers the pending SR/BSR are discarded.
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