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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
BSR enhancements is among the objectives for XR WI [1]. In RAN2 meeting #121bis-e, RAN2 agreed on the following with respect to BSR enhancements for XR [2]:
[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. 
2a. 	Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  
2b. 	Have more discussions on Option 2a (static BSR tables) vs Option 2b (RRC configured BSR tables). In next meeting, companies should explain how BSR table(s) are created and how many tables would be needed, and how the MAC CE structure will look like. Should also explain what is the expected quantization error.

During the SI phase, in RAN2 meeting #120, RAN2 also agreed on the following with respect to BSR enhancements for XR [3]:
1: introduce new BS table(s) to reduce the quantisation errors (e.g. for high bit rates). FFS how new BSR tables are created and how they impact BSR formats (can be discussed in WI phase). 
Delay information consists of at least “remaining time”.
2: RAN2 considers a delay information is useful for XR. FFS if dynamic reporting from UE to network (e.g. via BSR) is needed, or whether PSDB is sufficient. If we have delay information, it needs to distinguish how much data is buffered for which delay value. Stage-3 details (e.g. what’s contained, how the triggering is done) can be discussed in the WI phase.
If we have delay information reporting, RAN2 aims to define how the UE determines the “remaining time” in the delay information

In this contribution, we discuss various detailed design issues for BSR enhancements for XR.
Discussions 
On how to convey remaining time information for XR
We have considered the following two general approaches for conveying the remaining time information to the gNB:
Option 1. Explicit indication
As we previously discussed [4], one way of conveying the remaining time information to the gNB is to send it explicitly, e.g., along with the buffer size information in the BSR. To keep the signaling overhead to the minimal, only the remaining time information of the oldest (earliest) data burst in the buffer is explicitly signaled to the gNB, e.g., along with the data volume information of the oldest data burst. If there are any subsequently arrived data bursts (i.e., non-oldest) buffered at the same LCG at the same time, the data volume information of them can be separately included in the BSR without including the remaining time information associated with them. The gNB can estimate the remaining time associated with the non-oldest data burst(s) based on the remaining time reported for the oldest data burst. 
Option 2. Implicit indication 
In this general approach, even the remaining time information of the oldest (or most urgent) data burst in the buffer is not explicitly signaled in the BSR. Instead, the UE classifies the PDUs buffered at the LCG as urgent PDUs or non-urgent PDUs based on the remaining time associated with the PDUs, e.g., by comparing them to a specific time threshold, respectively. The UE reports the data volumes of the urgent PDUs and the non-urgent PDUs separately in the BSR for the LCG. Based on the BSR sent from the UE, the gNB will ensure that the UE is scheduled with sufficient radio resource to deliver at least the urgent PDUs within a period less than the time threshold. For example, if the CG-scheduled radio resource within the period is insufficient, the gNB will supplement it with additional DG(s) for the UE within the period.
In either of these two general approaches, the data volume of the oldest data burst or of the urgent PDUs (referring it as the urgent data volume) is reported separately from the data volume of the remaining data buffered at the same LCG (referring it as the non-urgent data volume) for the LCG in the BSR.
Proposal 1. RAN2 study the two general approaches, i.e., explicit indication vs. implicit indication as described, for conveying the remaining time information to the gNB and consider adopting one from them.
Proposal 2. The urgent data volume of an LCG is reported separately from the non-urgent data volume of the LCG (i.e., the total data volume of the data buffered at the LCG subtracted by the urgent data volume of the LCG) in the BSR. (FFS whether the urgent data volume is the data volume of the oldest data burst or of the urgent PDUs, as classified by the UE, depending on the conclusion on Proposal 1.)
Proposal 3. If the urgent data volume is included in the BSR, the remaining time information associated with the urgent data volume is either explicitly or implicitly indicted in the BSR.
On new BSR MAC CE format for XR
Due to the need for conveying the remaining time information associated with the urgent data volume, either explicitly or implicitly in the BSR, we propose that, if the urgent data volume is included in the BSR, the urgent data volume is reported using a new XR BSR MAC CE. The XR BSR MAC CE includes a Buffer Size field carrying information indicating the urgent data volume. If RAN2 adopts the Option 1 as described above, the XR BSR MAC CE further includes a Remaining Time field carrying the information indicating the remaining time associated with the urgent data volume. If RAN2 adopts the Option 2 as described above, the XR BSR MAC CE itself implies that the remaining time associated with the urgent data volume being reported has dropped below the specific time threshold. The time threshold is also known to the gNB, e.g., being configured to the UE by the gNB.
Given there is no strong need for conveying the remaining time information associated with the non-urgent data volume, the non-urgent data volume can be reported using one of the legacy BSR MAC CEs. Therefore, for XR, a BSR can be reported using one of the following:
1. One XR BSR MAC CE: 
a. used when reporting only for the XR LCG and only with the urgent data volume of it.
2. One of the legacy BSR MAC CEs: 
a. used when reporting for the non-XR LCG(s) and/or for the XR LCG but only with the non-urgent data volume of it (e.g., when no XR PDUs can qualify as the urgent ones).
3. One XR BSR MAC CE plus one of the legacy BSR MAC CEs: 
a. used when reporting both the urgent data volume of the XR LCG and one of the following: the non-urgent data volume of the XR LCG, the legacy data volume(s) on the non-XR LCG(s), or both. 
Proposal 4. The urgent data volume of an LCG associated with the XR QoS flow is reported using a new XR BSR MAC CE.
Proposal 5. The non-urgent data volume of an LCG associated with the XR QoS flow is reported using one of the legacy BSR MAC CEs.
Remaining issues on Buffer Size table design for XR
Suitable range of buffer sizes covered by new Buffer Size table and acceptable bound of quantization errors
In [5], the AR UL video traffic is assumed to have a frame rate of 60 Hz and a data rate of 10Mbps (baseline) or 20Mbps (optional). Therefore, the average frame size is about 20 Kbytes for the baseline scenario and 40 KB for the optional scenario. However, the average frame size computed based on the average data rate and the frame rate mostly reflects the size of P frames, because P frame appears more frequently than I frame. Meanwhile, the upper bound of the new Buffer Size table should be designed based on the size of I frames. The average size of I frames can be 4 to 5 times of the average size of P frames. Therefore, we consider an upper bound of the size of a single frame for AR UL video can be 100 Kbytes for the baseline scenario and 200 Kbytes for the optional scenario. 
We think, between two consecutive video frames (PDU Sets), the UE can report only the earlier frame in the urgent data volume. The second frame (arrived 16.666 msec later) should be reported in the non-urgent data volume. And we think the new Buffer Size table should be designed primarily for reporting the urgent data volume, as the non-urgent data volume can be reported using the legacy Buffer Size table. Therefore, we think the new Buffer Size table should cover a buffer size up to 200 Kbytes.  
If the new table covers from 0 Kbytes to 200 Kbytes using an 8-bit index, with a linear quantization scheme, the quantization step is about 800 bytes. We consider it as acceptable, noting that in the legacy 8-bit Buffer Size table, the quantization step of the last buffer size that is within the size of 200 Kbytes is about 12 Kbytes.
Proposal 6. As a baseline, the new Buffer Size table is a table with 8-bit index, with buffer size levels from 0 Kbytes to 204,000 bytes, and with a linear quantization scheme and a quantization step of 800 bytes. 
On the number of tables needed
It seems to us that a single fixed table as described in Proposal 6 is sufficient for UL video traffic for most AR applications today. The AR UL video traffic is primarily used for object recognition performed on the network side. The video resolution and the encoding techniques used today for such purpose will be sufficient for a while, until new purposes demanding a much higher video resolution emerges.  
Proposal 7. A single fixed table as described in Proposal 6 is sufficient for XR. 
On how the network knows which table to use
If Proposal 7 is agreed, the UE and the gNB always use the standardized new Buffer Size table for the urgent data volume. If Proposal 4 is also agreed, the urgent data volume can only be reported using the new XR BSR MAC CE. Therefore, the gNB always uses the standardized new table to interpret the field that carries the information indicating the urgent data volume in the XR BSR MAC CE.
If Proposal 5 is agreed, the non-urgent data volume is reported using one of the legacy BSR MAC CEs. If the legacy Short BSR MAC CE or Short Truncated BSR MAC CE is used in reporting the non-urgent data volume, the UE simply uses the 5-bit legacy Buffer Size table without a need for indicating the table, except that the LCID of the legacy Short BSR MAC CE or Short Truncated BSR MAC CE will imply to the gNB that the 5-bit legacy table is used. On the other hand, if the legacy Long BSR MAC CE, Long Truncated BSR MAC CE, Extended Short BSR MAC CE, or Extended Short Truncated BSR MAC CE is used in reporting the non-urgent data volume, there are two possible Buffer Size tables to use: one is the legacy 8-bit table and the other is the new Buffer Size table as proposed in Proposal 6. 
With a PDB of 30 msec and a frame rate of 60 Hz, as in [5], there can be up to two consecutive frames buffered in the same LCH at a given time, because any frames older than these two frames should have been either transmitted successfully or discarded, and in either way, should not be counted anymore. Then, the non-urgent data volume is also just up to the size of one data burst (or one frame). In this case, the gNB can configure the UE to always use the new Buffer Size table in reporting the non-urgent data volume.
On the other hand, if the PSDB is much longer than 30 msec and/or if the frame rate is much faster than 60 Hz, there could be more than two data bursts being buffered at the LCG at a given time and hence the non-urgent data volume could be larger than what the new Buffer Size table covers. In this case, the gNB should configure the UE to always use a legacy Buffer Size table in reporting the non-urgent data volume. Based on which legacy BSR MAC CE is used in reporting the non-urgent data volume, the UE selects the 5-bit or 8-bit legacy Buffer Size table, just as a legacy UE does. And based on the LCID of the legacy BSR MAC CE that the UE used in the report, the gNB knows which table is used on the non-urgent data volume. We think it is unnecessary for the UE to determine whether to use the new Buffer Size table vs. the legacy Buffer Size tables dynamically in reporting the non-urgent data volume, because first, it is not that urgent to transmit all the non-urgent data within the deadline of the urgent data (and therefore the gNB doesn’t need to overly allocate resource for the non-urgent data and hence a larger quantization error doesn’t matter), and secondly, any remnant of the non-urgent data, if not transmitted yet, will become the urgent data soon or later, and then, will be reported in the urgent data volume once more, with a smaller quantization error.   
Proposal 8. The UE and the gNB always use the new Buffer Size table for the urgent data volume. 
Proposal 9. If the legacy Short BSR MAC CE or Short Truncated BSR MAC CE is used in reporting the non-urgent data volume, the UE and the gNB always use the legacy 5-bit Buffer Size table for the non-urgent data volume.
Proposal 10. Whether to use the new Buffer Size table or the legacy 8-bit Buffer Size table for the non-urgent data volume when the non-urgent data volume is reported in the legacy Long BSR MAC CE, Long Truncated BSR MAC CE, Extended Short BSR MAC CE, or Extended Short Truncated BSR MAC CE, may be configured to the UE via RRC signaling.   
Proposal 11. There is no need for the UE to dynamically identify the table to the gNB, other than the LCID of the BSR MAC CE used.
Proposal 12. It is unnecessary for the UE to determine whether to use the new Buffer Size table vs. the legacy Buffer Size tables dynamically in reporting the non-urgent data volume.   
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 study the two general approaches, i.e., explicit indication vs. implicit indication as described, for conveying the remaining time information to the gNB and consider adopting one from them.
Proposal 2. The urgent data volume of an LCG is reported separately from the non-urgent data volume of the LCG (i.e., the total data volume of the data buffered at the LCG subtracted by the urgent data volume of the LCG) in the BSR. (FFS whether the urgent data volume is the data volume of the oldest data burst or of the urgent PDUs, as classified by the UE, depending on the conclusion on Proposal 1.)
Proposal 3. If the urgent data volume is included in the BSR, the remaining time information associated with the urgent data volume is either explicitly or implicitly indicted in the BSR.
Proposal 4. The urgent data volume of an LCG associated with the XR QoS flow is reported using a new XR BSR MAC CE.
Proposal 5. The non-urgent data volume of an LCG associated with the XR QoS flow is reported using one of the legacy BSR MAC CEs.
Proposal 6. As a baseline, the new Buffer Size table is a table with 8-bit index, with buffer size levels from 0 Kbytes to 204,000 bytes, and with a linear quantization scheme and a quantization step of 800 bytes. 
Proposal 7. A single fixed table as described in Proposal 6 is sufficient for XR. 
Proposal 8. The UE and the gNB always use the new Buffer Size table for the urgent data volume. 
Proposal 9. If the legacy Short BSR MAC CE or Short Truncated BSR MAC CE is used in reporting the non-urgent data volume, the UE and the gNB always use the legacy 5-bit Buffer Size table for the non-urgent data volume.
Proposal 10. Whether to use the new Buffer Size table or the legacy 8-bit Buffer Size table for the non-urgent data volume when the non-urgent data volume is reported in the legacy Long BSR MAC CE, Long Truncated BSR MAC CE, Extended Short BSR MAC CE, or Extended Short Truncated BSR MAC CE, may be configured to the UE via RRC signaling.   
Proposal 11. There is no need for the UE to dynamically identify the table to the gNB, other than the LCID of the BSR MAC CE used.
Proposal 12. It is unnecessary for the UE to determine whether to use the new Buffer Size table vs. the legacy Buffer Size tables dynamically in reporting the non-urgent data volume.   
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