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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In this document, firstly we discuss the details of the new BS table(s). Then we discuss the potential to introduce new BSR trigger(s). 
Discussion
New BS table(s) design 
New BS table(s) is to reduce the quantization errors in BSR reporting particularly for high bit rates and big buffer size. There are two different ways to generate the new BS table(s):
· Direction#1: Define one or multiple static table(s). this is same as existing 5bit and 8bit tables which are pre-defined in specification. And likely we need to define multiple BS table(s) to cover XR services with different packet size/bit rate 
· Direction#2: Dynamically generate the table based on NW configuration, furthermore, there might be different way to configure/generate the dynamic table:
· One example is to configure/use a (fixed) step size for certain buffer size range (min , max)
· Another example is to configure a formular to generate the table e.g., truncated gaussian distribution function, and with equal probability per bin/codepoint based on the distribution function      
Considering the packet size of XR services is variable from 10 ~ 200Mbps, and also considering new packet size/bitrate will emerge in future, dynamically generate the table based on NW configuration is more flexible and future proof. 
New BS table is generated based on gNB’s configuration 

Regardless how to design the new BS table, if the new BS table covers the buffer size from 0 to infinity as legacy BS table, and if we want to increase the granularity in one buffer size range, it will use more codepoints for this buffer size range, and leave less codepoints for the other( potentially for lower band) buffer size range. Consequently when quantification error is reduced in a certain buffer size range, the quantification error at other size range or the lower buffer size range will be increased. alternatively, more bits are needed for BS field. so it makes sense that the new BS table only covers a limit buffer size range (min, max):

New BS table only cover a given buffer size range (min, max), which is configured by NW

If the new BS table targets only a limit buffer size range (min, max), it is no need to make complicate step size design. Simple fixed step will give good granularity by configuring proper (min, max)

Fixed step size is supported for the configured New BS table(s) 

BS report   
Legacy BSR is reported per LCG. LCH with similar priority might be configured into same LCG. we do not expect circumstance is changed with XR service. 

On the other hand, potentially per PDU set/LCH remaining delay report might be supported. If the remaining delay will be reported by extending BSR MAC CE, per LCH/PDU set BSR report might be required. 

At least per LCG BS report could be taken as baseline in our understanding: 

Per LCG BS report is taken as baseline. Higher granularity than per LCG BS report can be discussed together with remaining delay report. 


From different LCG perspective, it is possible that new BS table is required for some LCG(s)( i.e., the LCG include the LCHs carrying XR service) but not for other LCGs(e.g., the LCG for SRBs and DRX not carrying XR traffic). In a long or truncated BSR MAC CE, BS fields of some LCGs should be encode/decode based on legacy BS table if it is not configured with new BS table. It seem not necessary to indicate which table is used for these LCGs never using new BS table, since NW and UE both know whether new BS table is not enabled.

[bookmark: _Hlk131597830]Observation 1: it should be possible not to apply new BS table for SRB(s) and DRB not for XR traffic 


From a given LCG perspective, if It is configured with the new BS table, it is still possible that the buffer size corresponding to this LCG at some point of time, is small, e.g., when only PDCP/RLC control PDU is in buffer or when most of buffered data has been scheduled away. When the buffered data is small, precise BS information is very important for gNB in order to schedule a right size of UL grant. Falling back to use legacy BS table would be preferable. Moreover, if it is agreeable the new BSR table only covers a certain BS range, the buffer size may fall out of the new BS table coverage.


Observation 2: UE should be able to fall back to legacy BS table(s) for a LCG which is configured/enabled with new BS table (e.g., in case the buffer size becomes small after being scheduled)

hence it is not enough for UE always use new or legacy BS table based on NW RRC configuration, it would be better: 
· When the buffer size is in (min, max), use new BS table which provides more precise buffer size
· When the buffer size is out of (min, max), use legacy BS table(s) 

To support this dynamic BS table switch, table indication should be introduced in BSR MAC CE, in principle, BS table indication would be only needed if the LCG is configured with additional new BSR table, but it is simple just to introduce table indication for every LCG. Following are example of BSR MAC CR with BS table indication:



Figure 1: example of BS table indications in long or long truncated BSR MAC CE 

Moreover there might be some uncertain period between the reconfiguration message and the reflection of the received new configuration. If this uncertain period may exist for this new BSR mechanism, the BS table indication will be useful. Hence, It is proposed: 

BS table indication is introduced in BSR MAC CE, to enable UE to switch BS table depending on the buffer size

As we discussed here above, it is likely that a long or long truncated BSR MAC CE includes some BS fields encoded based on a legacy 8bits BS table, and some other BS field encoded based on a new BS table, it would be easier to keep all the BS fields with same length, including the BS fields using new BS table. 
For a long or long truncated BSR MAC CE, BS field has fixed length of 8 bits, consequently the step size is equal to (max-min)/28 when new BS table is used.

For short or short truncated BSR MAC CE, currently, 5bit BS field/table is used. However, there was proposal to also use 8bits field for finer granularity. Apparently, new BS table is also for finer granularity, this should be discussed together. we could then have 4 options to increase the granularity:
1) keep the 5bits BS field but use a new 5bits BS table for higher granularity
2) introduce 8bits BS field and use only the legacy 8bit BS table
3) introduce 8bits BS field and use only the new 8bit BS table to align with the BS table used for long or long truncated BSR MAC CE
4) introduce 8bit BS filed, and UE choose either to use legacy 8bits BS table or new 8bits BS table depends on if the Buffer Size fall in (min, max)

Option 2 and option 3 would request 2bytes of MAC CE format to accommodate 8bits Buffer Size field and 3bits LCG ID field, still 5bits will not be used yet. Instead, with option 4, 1 of the unused 5bits can be used for BS table indication. For option1, it can keep 1byte MAC CE format, but a new (e)LCID would be still required to distinguish from legacy short/short truncated MAC CE. Our preference is to have 8bits field to having same granularity for both short/short truncated BSR MAC CE and long/long truncated BSR MAC CE, with the cost of 1byte more payload.



Figure 2: example of BS table indication in short or short truncated BSR MAC CE 


For a short or short truncated BSR MAC CE, BS field has fixed length of 8 bits too, either legacy or new 8bit BS table could be used.


new BSR table(s) configuration 
It seems unlikely that a UE will run two XR services at the same time, and both with high but different data rate. If this is the case, then we may need to configure two different new BS tables for two LCGs (assuming one LCG includes DRB of XR service A, and another LCG includes DRB of XR service B). if this is not the case, a UE will be configured at most one new BSR table.   

Besides, If we agree to have BS table indication per LCG in BSR MAC CE, new BSR table can be configured per UE, ultimately UE will choose whether new BSR table or legacy table will be used for a given LCG, e.g., UE would always choose legacy BS table for LCG of SRB.
 
One new BSR table with (min, max) parameters is configured per UE. FFS whether it should be enabled/disabled per LCG

Since BSR MAC CEs format will likely be different from legacy BSR MAC CEs, and the encoding and decoding of BS field would be different with and without new BS table. potentially new LCIDs should be assigned to identified the new BSR MAC CE(s). on the other hand, it might be possible to switch to new BSR MAC CE format once the new BSR table is configured, and if the NW and UE synchronizes on new BSR table application timing, it might be possible to reuse the LCID of legacy BSR MAC CE. It would be earlier to discuss LCID issue after new BSR MAC CE formats are agreed:  



Figure 3: BSR MAC CE formats switch and LCIDs

Discuss the LCIDs once new BSR MAC CEs formats are agreed


New BSR trigger(s) 
One target of introducing a new BSR trigger is to update gNB the buffer size especially when the gNB-expected buffer size (based on the last BSR report and scheduled data volume since then) is different from the real buffer size in UE. This difference can be due to more data arrival in the buffer, PDU discarding and so on. Another target of introducing new BSR trigger is simply to update gNB more often in case of XR service where the buffer size and UL grant tend to be big. Following these two targets, RAN2 could discuss a BSR trigger based on unexpected buffer size change for gNB, or we can simply always include BSR if the signalling overhead is not a problem e.g. when the UL grant is big. 
New BSR triggers have been proposed by many companies, but unfortunately, these proposals are very different from each other. In the following table, we summarized all proposals from other companies and potential new triggers discussed above, and share our views on each new BSR trigger. 
	new BSR triggers
	Categories
	Our view

	· BSR is triggered if there is remaining data for the current PDU set being transmitted[4]  
	PDU set-aware BSR trigger 
	-  This will introduce cross-layer interaction, because PDU set would be visible in upper layer but not MAC layer. 
-   For the new/more PDU/burst arrival cases, it can be generalized as unknown buffer size changes for gNB due to new data arrial 

	· BSR is triggered when all data of a whole burst or PDU set arrives [7] 
	
	

	· BSR is triggered when a new data burst starts arriving[5] 
	
	

	· New trigger based on the reception of first PDU of PDU set [11][12]
	
	

	· BSR is triggered when subsequent data arrival[7]  
	
	

	· BSR is triggered when packet approaching the PDB[10] [12] [13]
	Remaining delay budget-based BSR trigger
	This can be discussed separately together with remaining delay report.

	· PDU discard should trigger a regular BSR[8][9]
	PDU discard-based BSR trigger 
	This can be generalized as unknown buffer size changes for gNB due to PDU discard

	· BSR MAC CE is always included for each TB transmitted with XR packet[6]
	XR-service specific BSR trigger
	It is not recommended to make BSR mechanism service specific, Because the definition and characteristics of XR service will vary a lot. A function tied to service type is not future proof

The underline reason for this trigger probably is potentially big UL grant for XR service. Then we prefer to trigger it based on UL grant size instead of a particular service.   

	· Starting on-duration should trigger a periodic BSR[8]
	DRX-based BSR trigger 
	We do not normally tie DRX(mainly for DL traffic) with BSR(mainly for UL traffic)

	· [bookmark: _Hlk126616269]Unknown/unexpected buffer size changes for gNB
	
	Our preference: because it is decoupled from specific service or PDU set/burst, but focus on the real need of BS update.
Please note that new data arrival does not trigger BSR all the time. 



Based on above analysis: 

Introduce new BSR trigger based on unknown/unexpected buffer size change(not due to being scheduled, but due to discard or additional data arrival) 

Introduce new BSR trigger based on UL grant size is bigger than a threshold

Summary
[bookmark: OLE_LINK3]Regarding detail of new BS table(s) and possible new BSR trigger(s), we have proposals as follows:

For new BS table(s): 
1. New BS table is generated based on gNB’s configuration 
New BS table only cover a given buffer size range (min, max), which is configured by NW
Fixed step size is supported for the configured New BS table(s) 

For BS report:
Per LCG BS report is taken as baseline. Higher granularity than per LCG BS report can be discussed together with remaining delay report. 
Observation 1: it should be possible not to apply new BS table for SRB(s) and DRB not for XR traffic
Observation 2: UE should be able to fall back to legacy BS table(s) for a LCG which is configured/enabled with new BS table (e.g., in case the buffer size becomes small after being scheduled)
BS table indication is introduced in BSR MAC CE, to enable UE to switch BS table depending on the buffer size
For a long or long truncated BSR MAC CE, BS field has fixed length of 8 bits, consequently the step size is equal to (max-min)/28 when new BS table is used.
For a short or short truncated BSR MAC CE, BS field has fixed length of 8 bits too, either legacy or new 8bit BS table could be used.

For BS configuration:
One new BSR table with (min, max) parameters is configured per UE. FFS whether it should be enabled/disabled per LCG
Discuss the LCIDs once new BSR MAC CEs formats are agreed

Regarding new BSR trigger(s):
Introduce new BSR trigger based on unknown/unexpected buffer size change(not due to being scheduled, but due to discard or additional data arrival) 
Introduce new BSR trigger based on UL grant size is bigger than a threshold
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