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1. Introduction
In RAN2#122[1], there were further following agreements regarding the BSR table for XR:
	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.



Regarding BSR table definition, there are following minutes from RAN2#123[2]:
	Chair proposal: single BSR table with reduced range, using exponential distribution?
RAN2 needs to discuss the BSR table definition in the next meeting based on company inputs.


According the existing agreements,  one static BSR table with 256 entries will be introduced but whether the BSR table is linear or exponential and what is the buffer size range of the BSR table have not been settled yet; Further, the gNB may not know the exact buffer status in the UE side due to successive data arrival buffer after regular BSR report, related enhancement is needed especially for delay critical service such as XR. In this paper, we will compare the linear BSR table and exponential BSR table, based on which we share our views one BSR table generation.  Additionally, we has also discussed BSR triggering enhancements. 
2. Discussion
2.1. BSR table derivation
[bookmark: _Toc131522645][bookmark: _Toc131522564][bookmark: _Toc131522648][bookmark: _Toc133498954][bookmark: _Toc134281634][bookmark: _Toc134284369][bookmark: _Toc134439077]The NR BSR tables are exponential BSR tables. The following two formulas as used in LTE were reused for NR BSR table derivation:
Bk = Bmin (1 + p) k    	(1)
where p = (Bmax / Bmin) 1 / (N-2) – 1  		 (2)
The BSR table can ensure a roughly uniform quantization error in percentage for all code points. For legacy BSR table with 256 code points, the target maximum quantization error is around 6.5%.
Observation 1 [bookmark: _Toc146703670]For the legacy BSR table with 256 code points, an equal maximum quantization error of ~6.5% can be achieved for all entries.
For an BSR table with linear distribution, the buffer size range for each entry is equal. There is smaller quantization error large buffer size area than in low buffer size area.  For GoP based video traffic with group size N, there are N-1 P-frames corresponding to each I-frame in statistics, wherein N is usually a large integer value. This means that the P-Frame burst occurs very much more often than the I-Frame burst. In a second aspect, typically P-frame burst is smaller than I-Frame bursts, e.g. I-Frame burst size is usually 2~3 times as the P-frame burst size. This means that the P-Frame burst may probably use the low buffer size area in the BSR table for its buffer size quantization while I-frame burst may probably use the large buffer size area for its buffer size quantization.  Because the quantization errors of the entries in the low buffer size range are clearly larger than that in the high buffer size range, the P-frame burst would get clearly larger quantization error than I-frame bursts in statistics. However, although the P-frame burst size is clearly smaller than the I-frame burst size in statistics, the total traffic generated by the P-Frames can be clearly larger than the total traffic generated by the I-Frames, due to the number of P-Frames is typically very much larger than the number of I-Frames for XR services. If the above reasoning is correct, defining a new BSR table (i.e. linear BSR table) with large quantization error in the low-buffer-size range while small quantization error in the large-buffer-size means that the majority traffic of XR service would suffer large quantization error.
Observation 2 [bookmark: _Toc146703671][bookmark: _Toc141792788][bookmark: _Toc142039034][bookmark: _Toc142382546][bookmark: _Toc141792789][bookmark: _Toc142039035][bookmark: _Toc142382547][bookmark: _Toc141792790][bookmark: _Toc142039036][bookmark: _Toc142382548][bookmark: _Toc133498957][bookmark: _Toc141792791][bookmark: _Toc142039037][bookmark: _Toc142382549][bookmark: _Toc141792792][bookmark: _Toc142039038][bookmark: _Toc142382550][bookmark: _Toc141792793][bookmark: _Toc142039039][bookmark: _Toc142382551][bookmark: _Toc134281639][bookmark: _Toc134284374][bookmark: _Toc134439082][bookmark: _Toc141792794][bookmark: _Toc142039040][bookmark: _Toc142382552][bookmark: _Toc141792795][bookmark: _Toc142039041][bookmark: _Toc142382553][bookmark: _Toc141792796][bookmark: _Toc142039042][bookmark: _Toc142382554][bookmark: _Toc141792797][bookmark: _Toc142039043][bookmark: _Toc142382555][bookmark: _Toc141792798][bookmark: _Toc142039044][bookmark: _Toc142382556]For the new BSR table, the low-buffer-size range is more used for P-frame burst size quantization while the large-buffer-size range is more used for I-frame burst size quantization
Observation 3 [bookmark: _Toc146703672]With linear BSR table, for GoP based XR traffic the P-frame burst suffers much larger quantization error than I-frame burst, though P-frame bursts generates much higher traffic load than I-Frame bursts. 
Based on the above discussions, the new BSR table should be derived following the basic rule that the new BSR table should be at least friendly for P-frames. Hence, we propose:
Proposal 1 [bookmark: _Toc146703676]The following policies should be followed for deriving the new BSR table
· [bookmark: _Toc146703677]a）the quantization error of all new BSR table entries should be clearly smaller than that of the legacy BSR table;
· [bookmark: _Toc146703678]b) the buffer size range of the new BSR table should cover the typical XR data rate range;
· [bookmark: _Toc146703679]c) Similar quantization error can be achieved for the low BS range (for P-frame burst quantization) and the high BS range (for I-frame burst quantization).
The next issue is whether linear BSR table or exponential BSR table can fulfil the above policies. In previous meetings, although linear BSR table and exponential BSR table were discussed. However, no solid analysis was provided to indicate that why linear BSR table outperforms exponential BSR table. Compared to the linear BSR table, the clear benefit of exponential BSR table is that it can ensure equal quantization error for all entries. In the following, numerical analysis is provided to identify the quantization errors of linear BSR table and exponential BSR table.
In the following, simulation results are provided based on the Bmin (44,289 B) and Bmax (781,250 B) derived in the paper [3].  For derivation of the new exponential BSR table, the Formula (1) and (2) are used. The maximum quantization error for each codepoint is actually equal to p. For the linear BSR table, Formula (3) and (4) are used to derive the BSR table. For both exponential BSR table and linear one, there is no reserved entry, i.e. all 256 entries are used for BSR report.
	stepSize = (Bmax – Bmin) / N    	（3）
B(k) = B(k-1) + stepSize   	(4)
The quantization error for the k-th entry of the linear BSR table derived according the above formulas can be calculated via the following formula:
Qe(k) = stepSize ./ B(k)     (5)
Based on the above assumptions, the linear BSR table, exponential BSR table and the respective quantization error distribution are calculated and the related results are illustrated in the following figures. For the linear BSR table, the quantization error for the first entry (code point) is 17.6 times of the quantization error of the last entry. For exponential BSR table, an equal quantization error of 1.13% can be achieved for all entries.
 [image: ]   [image: ]
Figure 1 Exponential BSR table vs. linear BSR table [left: BSR table; right: quantization error]

Observation 4 [bookmark: _Toc146703673]Based on the assumptions (Bmin 44,289 B and Bmax 781,250 B), 
a. [bookmark: _Toc146703674]For linear BSR table, the quantization error reduction of low-buffer-size range is minor while that for large-buffer-size range is huge.
b. [bookmark: _Toc146703675]For exponential BSR table, equal quantization error 1.13% is achieved for all entries.
Based on the above discussion, it can be concluded that the BSR table with exponential distribution is friendlier to BS quantization for P-frame burst which contributes the majority traffic of total XR traffic.
Proposal 2 [bookmark: _Toc146703680]RAN2 to support the exponential BSR table instead of the linear one.
In the above numerical analysis, the frame burst size range is based on the understanding from some RAN2 contributions. Although the assumed frame burst size range can roughly cover the typical frame burst size range for XR services, it could be further adjusted for deriving optimal BSR table. As the frame burst size range is an issue which should be handled by SA2/SA4, we’d better to send a LS to SA2/SA4 to inquire the preferred frame burst size range for XR frame burst size. 
Proposal 3 [bookmark: _Toc146703681]RAN2 to send a LS to SA2/SA4 to inquire the preferred XR frame burst size range to facilitate the BSR table derivation.
[bookmark: _Toc141793772]As the quantization errors of all entries in the new BSR table are smaller than the quantization error of the legacy BSR table (i.e. 6.5%), new BSR table should be used for quantization for any frame burst whose size locates in buffer size range of the new BSR table.
Proposal 4 [bookmark: _Toc146703682]If the buffer size locates in the range of new BSR table, the new BSR table should be used for quantization, otherwise, legacy BSR table should be used.
[bookmark: _Toc141793773]When an LCG is configured with the new BSR table, the LCG could select the legacy BSR table or the new one for quantization based on the amount of buffered data for this LCG. To make gNB aware which BSR table is used for an LCG whose buffer status is reported, BSR table indicators respectively for each LCG should be included in the BSR MAC CE.
Proposal 5 [bookmark: _Toc146703683]BSR table indicator should be included in the BSR to indicate the selected BSR table per LCG.

2.2. [bookmark: _Toc110950146][bookmark: _Toc110960576][bookmark: _Toc146543780][bookmark: _Toc146550402][bookmark: _Toc146636575][bookmark: _Toc145940669][bookmark: _Toc145944921]Additional BSR triggering
[bookmark: _Toc127283392][bookmark: _Toc127368534][bookmark: _Toc127457995][bookmark: _Toc127458023]In Rel-15/16 NR, UL data arrives at a UE’s L2 buffer(s), and the UE requests UL-SCH resources for the UL data via SR/BSR mechanisms. In the BSR mechanism, several types of BSR are defined, i.e. ‘Regular BSR’, ‘Periodic BSR’ and ‘Padding BSR’. The volume of UL data is reported by a BSR MAC CE when at least one BSR has been triggered and not cancelled, and there are UL-SCH resources available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its sub-header.
The current regular BSR is triggered by the data arrival of an LCH with higher priority than all the LCHs with data available or new data arrival when no LCH has buffered data. The buffer change of the LCHs with already available data relies on the periodic BSR. However, the periodic BSR is only triggered by the expiration of the periodicBSR-Timer. If there is continuous data arrival for one LCH, the gNB cannot always know the exact buffer status for the LCH/LCG according to the existing BSR mechanism as no new BSR will be triggered except for the periodic BSR. Continuous UL data arrival of UL XR traffic is probably the real case as the application layer may take considerable time to perform the video encoding and deliver the encoded packets to the RAN layers gradually during the video encoding process. From this perspective, new triggering mechanisms to enable the gNB to be timely aware of the UE buffer change should be supported. One possible improvement could be that, for example, if a new packet or a new set of packets belonging to a logical channel /QoS flow /stream satisfying pre-defined requirement(s), or, the amount of data of the logical channel /QoS flow /stream pending for transmission exceeds a pre-defined threshold, or all data of a frame/burst has arrived, a BSR can be triggered. In such way, the gNB can know the UE buffer status change in time, which can further facilitate timely and efficient UL scheduling in the gNB side.
Proposal 6 [bookmark: _Toc146703684] Introduce additional BSR triggering conditions, example:
· [bookmark: _Toc146703685]a) BSR triggering upon the subsequent data arrival of an LCH; 
· [bookmark: _Toc146703686]b) BSR triggering upon the arrival of a whole burst or PDU set.
3. Conclusion
In this contribution, we have discussed the BSR enhancements based on the XR traffic characteristics. Based on the above discussions, there are the following observations:
Observation 1	For the legacy BSR table with 256 code points, an equal maximum quantization error of ~6.5% can be achieved for all entries.
Observation 2	For the new BSR table, the low-buffer-size range is more used for P-frame burst size quantization while the large-buffer-size range is more used for I-frame burst size quantization
Observation 3	With linear BSR table, for GoP based XR traffic the P-frame burst suffers much larger quantization error than I-frame burst, though P-frame bursts generates much higher traffic load than I-Frame bursts.
Observation 4	Based on the assumptions (Bmin 44,289 B and Bmax 781,250 B),
a.	For linear BSR table, the quantization error reduction of low-buffer-size range is minor while that for large-buffer-size range is huge.
b.	For exponential BSR table, equal quantization error 1.13% is achieved for all entries.

Based on the discussions and the observations, we have the following proposals:
Proposal 1	The following policies should be followed for deriving the new BSR table
-	a）the quantization error of all new BSR table entries should be clearly smaller than that of the legacy BSR table;
-	b) the buffer size range of the new BSR table should cover the typical XR data rate range;
-	c) Similar quantization error can be achieved for the low BS range (for P-frame burst quantization) and the high BS range (for I-frame burst quantization).
Proposal 2	RAN2 to support the exponential BSR table instead of the linear one.
Proposal 3	RAN2 to send a LS to SA2/SA4 to inquire the preferred XR frame burst size range to facilitate the BSR table derivation.
Proposal 4	If the buffer size locates in the range of new BSR table, the new BSR table should be used for quantization, otherwise, legacy BSR table should be used.
Proposal 5	BSR table indicator should be included in the BSR to indicate the selected BSR table per LCG.
Proposal 6	Introduce additional BSR triggering conditions, example:
-	a) BSR triggering upon the subsequent data arrival of an LCH;
-	b) BSR triggering upon the arrival of a whole burst or PDU set.
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