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1. Introduction
RAN#98-e has approved the XR WID in RP-223502 including BSR and delay report enhancement for XR capacity:
	-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);



In this contribution we further discuss UE feedback enhancements e.g., BSR format and trigger.
2. [bookmark: Proposal_Beacon]Discussion
In RAN2#121bis-e, 122 and 123bis meeting following agreements for BSR enhancements have been reached:

	· Support of new BSR table(s) is based on NW configuration and UE capability. FFS whether the UE capability can apply to non-XR UEs.
· 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. 
· 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. 
· 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.
· 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.
· 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.
· 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.
· Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  
· 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.
· UE calculates the remaining time based on the PDCP discard timer value. FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification. FFS which UEs support this.
· When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information. FFS if intra-UE prioritization can impact this.
· 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.
· Adopt an exponential BSR table. FFS on buffer size 
· The UE uses the new defined BS table if the buffered data volume is within the range of the new table, otherwise the legacy table is used.
· New MAC CE including indication of table selection per LCG will be introduced. Exact format FFS (to be discussed in MAC CR review phase)


 
BSR report based on New Buffer Size Table
In addition to supporting of a long BSR MAC CE based on new BS table, we think it is beneficial to extend to short EBSR MAC CE in case there is only one LCG has data available for transmission, which is considered as typical case. The MAC CE has 3 bits LCG ID and 1 bit table information, 8 bits BS index, total size is 2 bytes. Compared to the long MAC CE, 1 byte is saved. 


Figure 1. short Enhanced BSR MAC CE format

Proposal 1: RAN2 agree to introduce short EBSR MAC CE to indicate the new buffer size table, which includes LCG ID, table info and BS index, and the total size is 2 bytes. 

If Proposal 1 is agreed, UE selects short EBSR MAC CE or long EBSR MAC CE to report if at least one LCG uses new BS table. For example, if regular BSR triggered and there’s more than one LCG has data available for transmission and at least one LCG uses the new BS table, UE reports the long EBSR MAC CE. If there’s only one LCG has data available for transmission and the LCG uses the new BS table, UE reports the short EBSR MAC CE.
[image: ]
Figure 2. Long Enhanced BSR MAC CE format
Propose 2: If proposal 1 is agreed, RAN2 agree to use long EBSR with new 8-bit bitmap which indicates which BSR table an LCG uses only if more than 1 LCG has data available for transmission and at least one LCG selects the new BS table.

We think it is also beneficial to support padding EBSR as legacy. Correspondingly, UE selects the truncated EBSR similar as legacy if the number of the padding bit is not enough to accommodate the Long EBSR MAC CE. For example, if the number of padding bit is equal to short EBSR MAC CE plus its subheader and there is more than one LCG have data available for transmission, UE reports the short truncated EBSR MAC CE, wherein the short truncated EBSR MAC CE is same as the short EBSR MAC CE as proposed 1 but associated with a separate LCID in the MAC sub-header. If the number of padding bit is larger than short EBSR MAC CE plus its subheader and less than Long EBSR MAC CE plus its subheader, and there is more than one LCG have data available for transmission, UE reports the Long truncated EBSR MAC CE.

Proposal 3.	Introduce short and long Truncated Enhanced BSR MAC CE, which uses the new BSR table.

Based on the agreements so far, the DSR MAC CE should include at least the following fields:
· LCG bitmap, which indicates which LCG has delay information included in the MAC CE;
· remaining time for a reported LCG;
· Amount of data associated with the reported remaining time.
If new BS table is selected for reporting amount of data associated with the reported remaining time, the BS table information is also needed. Some companies want to restrict UE only using either legacy BS table or new BS table for the DSR. First, we believe there is no difference value range of the BS field in the DSR and BSR in normal case, i.e., the data volume is about one video frame of XR traffic. Therefore, it’d better give the flexibility to use either BS table like BSR for DSR. 
Since the reported remaining time value is smaller, it is enough to set the bit size with 3~5bits. In a byte, along with the remaining time field, there is 1 reserved bit for BS table information. Compared to EBSR MAC CE, it is proposed RAN2 to agree indicate which BSR table is used to encode the Buffer Size field in the DSR MAC CE by using a one-bit indicator for each reported LCG. 
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Figure 3. DSR MAC CE format

[bookmark: _Hlk149603848]Proposal 4. RAN2 agree to indicate which BSR table is used to encode the Buffer Size field in the DSR MAC CE by using a one-bit indicator for each reported LCG;

The intention to introduce new BS table is to reduce the quantization error for the XR traffic. Some companies hope this buffer size range as much as possible, to cover other use cases. However, if the value range is larger, the quantization error will be larger correspondingly, some enhancement is further needed. Therefore, one straight and simple solution is to focus some XR traffic with typical data rate and frame rate. For example, the maximum BS value of the new BS table can be determined based on the maximum bit rate and lowest frame rate and the minimum BS value can be determined based on the minimum bit rate and highest frame rate for typical XR traffic.

[bookmark: _Hlk149605175]Proposal 5: The maximum BS value of the new BS table can be determined based on the maximum bit rate and lowest frame rate and the minimum BS value can be determined based on the minimum bit rate and highest frame rate for typical XR traffic.

BSR triggering enhancements
There are 4 types of BSR trigger events currently specified: 
1) UL data with an LCH in an LCG with higher priority becomes available or UL data with an LCH in an LCG becomes available again after no ULs data in an LCG is available; 
2) number of padding bits is larger enough to include an BSR; 
3) retxBSR-Timer expires and data is available in an LCG ; 
4) periodicBSR-Timer expires. 
The first 3 trigger conditions are not designed for periodic data. Due to the UL arrival jitter caused by variable coding delay depending on the variable packet size, it is difficult to set a suitable value for the periodicBSR-Timer to adapt to the periodical arrival considering also the jitter. When SDUs of a PDU set belonging to a LCH arrive and there are still PDUs of a previous PDU set pending for transmission in the buffer, no legacy BSR for the newly arrived PDU set can be triggered. Therefore, the BSR trigger for the PDU set may be delayed.

Proposal 6: RAN2 to discuss whether there is a need to enhance BSR trigger events to avoid BSR trigger delay.
3. Conclusion
In this contribution, we discuss BSR enhancements for XR capacity. We have the following proposals:
Proposal 1: RAN2 agree to introduce short EBSR MAC CE to indicate the new buffer size table, which includes LCG ID, table info and BS index, and the total size is 2 bytes. 
Propose 2: If proposal 1 is agreed, RAN2 agree to use long EBSR with new 8-bit bitmap which indicates which BSR table an LCG uses only if more than 1 LCG has data available for transmission and at least one LCG selects the new BS table.
Proposal 3.	Introduce short and long Enhanced Truncated BSR MAC CE, which uses the new BSR table.
Proposal 4. RAN2 agree to indicate which BSR table is used to encode the Buffer Size field in the DSR MAC CE by using a one-bit indicator for each reported LCG;
Proposal 5: The maximum BS value of the new BS table can be determined based on the maximum bit rate and lowest frame rate and the minimum BS value can be determined based on the minimum bit rate and highest frame rate for typical XR traffic.
Proposal 6: RAN2 to discuss whether there is a need to enhance BSR trigger events to avoid BSR trigger delay.
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