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1. Introduction
In RAN2#121bise [1], there were the following agreements in relation to BSR enhancements:
	Bulk agreements
1. 	(25/30) As a working assumption, at most one BSR index or BSR 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.	(22/30) Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. 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.	(25/30) At least linear distribution is used for generating code points in new BSR table(s).  FFS (13/25) whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
8.	(29/30) 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. 	(29/30) 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. 	(26/30) 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. 	(21/30) Deprioritize Option 2c (static + dynamic BSR tables. 6/3) and Option 2d (reference table + scaling factor. 5/30).  
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.


In RAN2#122[2], there were further following agreements regarding BSR enhancements for XR:
	1: 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.




In previous two meetings, BSR table definition, delay information report and BSR triggering had been discussed but there are still a lot of open issues. In this paper, we would like to further share our views on BSR table derivations, delay report and BSR triggering, based on the above agreements. 
2. Discussion
2.1. Static 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: _Toc142655471]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 bursts is clearly smaller than the I-frame bursts in statistics, the total traffic generated by the P-Frames can be clearly larger than the total traffic generated by the I-Frames, due 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 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: _Toc142655472][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 quantization while the large-buffer-size range is more used for I-frame burst quantization
Observation 3 [bookmark: _Toc142655473]With linear BSR table, for GoP based XR traffic the P-frame burst suffers much larger quantization error than I-frame burst, though P-frames contribute the majority traffic. 
Based on the above discussions, the policy for derivation of new BSR table should be considered following the basic rule that the new BSR table should be at least friendly for P-frames. Hence, we propose:
Proposal 1 [bookmark: _Toc142655477]The following policies should be followed for deriving the new BSR table
· [bookmark: _Toc142655478]a）the quantization error of all new BSR table entries should be clearly smaller than that of the legacy BSR table;
· [bookmark: _Toc142655479]b) the buffer size range of the new BSR table should cover the typical XR data rate range
· [bookmark: _Toc142655480]c) the quantization error reduction for both the low BS range (most probably for P-frame burst quantization) and the high BS range (most probably for I-frame burst quantization) should be similar.
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 BSR table, there is no reserved entry, i.e. all 256 entries are used for BSR report.
	stepSize = (Bmax – Bmin) / N    	（3）
Bk(k) = B(k-1) + stepSize   	(4)
The quantization error of the linear BSR table derived according the above formulas can be calculated via the following formula:
Qe = stepSize ./ Bk     (5)
Based on the above assumptions, the linear BSR table and exponential BSR table and the respective quantization error are calculated and the results are illustrated in the following figures. For the linear BSR table, the quantization error for the first entry 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 (i.e. code point index).
 [image: ]   [image: ]
Figure 1 exponential BSR table vs. linear BSR table [left: BSR table; right: quantization error]

Observation 4 [bookmark: _Toc142655474]Based on the assumptions (Bmin 44,289 B and Bmax 781,250 B), 
a. [bookmark: _Toc142655475]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: _Toc142655476]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: _Toc142655481]RAN2 to support the exponential BSR table instead of the linear one
[bookmark: _Toc141793772]If it is agreed that 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 buffer size locates in buffer size range of the new BSR table.
Proposal 3 [bookmark: _Toc142655482]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 each LCG, BSR table indicators respectively for each LCG should be included in the BSR MAC CE.
Proposal 4 [bookmark: _Toc142655483]BSR table indicator should be included in the BSR to indicate the selected BSR table for each LCG.

2.2. [bookmark: _Toc110950146][bookmark: _Toc110960576]Delay information report in BSR 
For one LCG whose delay information should be reported, there is one issue on how to report the delay information. To optimize the delay information report, proper quantization for delay information report is required. The delay quantization table could be either predefined (i.e. fixed) in specification or provided via RRC signaling, wherein the former option can save signaling overhead while the latter option can provide flexibility for delay quantization in case of different e2e delay requirements. For the latter option, the gNB can configure the mapping between the entries and the corresponding delay or remaining delay ranges, which gives the opportunity for the gNB to provide the optimal delay quantization granularity in case of different e2e delay requirements. For instance, if the gNB only care about the amount of data close the delay budget, the gNB may provide some entries corresponding to several small remaining delay budgets. Different from the video data rate, the latency requirement is less likely to be adjusted in response to the congestion status variation, which means a generated quantization table can be expected to be applicable during the whole XR session duration regardless of the possible XR data rate adjustments.
Proposal 5 [bookmark: _Toc142655484]A quantization table for delay information report should be introduced.
Proposal 6 [bookmark: _Toc142655485]RAN2 to consider the following two options for delay quantization table:
· [bookmark: _Toc142655486]Option i) a static quantization table;
· [bookmark: _Toc142655487]Option ii) a quantization table generated based on RRC parameters.
Considering the tradeoff between the overhead of delay information report and the expected benefit, it is not desired to always report the delay information for all LCGs once a BSR is reported. The gNB may only need the delay information for delay sensitive traffic, while for the LCGs whose LCHs are for non-delay-sensitive traffic, the gNB has no interest to know the related delay information. To achieve this, the delay information report should be able to be enabled/disabled per LCG.
Proposal 7 [bookmark: _Toc142655488]RAN2 to support configurable delay information report per LCG.
For one LCG whose delay information is to be reported, there could be multiple buffered PDU sets/PDUs. If the delay information respectively for all buffered PDU sets/PDUs are reported, the maximum size taken by the delay information of one LCG can be unacceptably large and the corresponding MAC CE can be complex. In order to save the size for the delay information report, it can be predefined that only the delay information of the oldest PDU set/PDU of an LCG can be reported. The gNB can determine how to deal with the rest PDU sets/PDUs for the LCG based on the delay information of the oldest PDU set /PDU.
Proposal 8 [bookmark: _Toc142655489]At most one delay value should be reported for one LCG.
Proposal 9 [bookmark: _Toc142655490] If the delay information report is triggered for one LCG, only the delay of the oldest buffered PDU set/PDU of this LCG is reported.
As XR video traffic is delay sensitive and the total delay budget is rather smaller than other traffics such as eMBB. The delay information can help the system in two aspects. The first aspect is to help the capacity enhancement. When there is still enough delay budget, the gNB can choose the time when there is proper channel quality to schedule the UL transmissions. In this way, the radio resource can be more efficiently used for UL XR data transmission. The second aspect is to improve the user experience by scheduling immediate UL transmissions for the XR data with tight remaining delay budget. In this way, the NW can reduce the probability for an XR UE to turn to be an unsatisfied user. For either aspect, quick report of the delay information for the buffered XR data by the UE is required. In the meanwhile, to perform efficient scheduling, it is preferred that the gNB can know the delay information associated with the buffer status. Otherwise, the gNB may not know how much UL capacity is needed in order to transmit all urgent data. In such sense, there is no clear benefit to report pure delay information using a separate MAC CE from the BSR MAC CE. Hence, we propose:
Proposal 10 [bookmark: _Toc142655491]If delay information report is triggered, the delay information and the associated buffer status should be reported in the same extended BSR (i.e. new BSR format).
When delay based BSR is triggered, it is expected that the BSR can be sent as soon as possible so that the gNB can perform scheduling accordingly. To achieve this, the related SR procedure should be supported. The related SR procedure could be left for further discussions.
Proposal 11 [bookmark: _Toc142655492]Delay BSR should be able to trigger SR transmission.
Proposal 12 [bookmark: _Toc142655493] Introduce the UE capability for per LCG delay report.
To avoid frequently triggering of BSR with delay information or always including delay information for an LCG into the BSR, conditions for BSR report with delay information should be introduced. The ideal situation is that the UE reports the BSR with delay information only when the reported delay information can really help the UL scheduling by the gNB. The triggering conditions for BSR report with delay information in different situations (e.g. various processing delay performance of gNB and UE) could be different. In another aspect, as the delay requirements for different LCGs can be different, the triggering conditions should be configurable per LCG.
Proposal 13 [bookmark: _Toc142655494]RAN2 to support the delay BSR triggering condition per LCG.
Proposal 14 [bookmark: _Toc142655495]If PDCP discardTimer residual value of the oldest packet in the buffer is smaller than a preconfigured threshold for any LCH of an LCG, delay BSR should be triggered.

2.3. 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 15 [bookmark: _Toc142655496] Introduce additional BSR triggering conditions, example:
· [bookmark: _Toc142655497]a) BSR triggering upon the subsequent data arrival of an LCH; 
· [bookmark: _Toc142655498]b) BSR triggering upon the arrival of a whole burst or PDU set.
3. Conclusion
In this contribution, we have discussed the XR specific feedback 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 quantization while the large-buffer-size range is more used for I-frame burst 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-frames contribute the majority traffic.
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) the quantization error reduction for both the low BS range (most probably for P-frame burst quantization) and the high BS range (most probably for I-frame burst quantization) should be similar.
Proposal 2	RAN2 to support the exponential BSR table instead of the linear one
Proposal 3	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 4	BSR table indicator should be included in the BSR to indicate the selected BSR table for each LCG.
Proposal 5	A quantization table for delay information report should be introduced.
Proposal 6	RAN2 to consider the following two options for delay quantization table:
-	Option i) a static quantization table;
-	Option ii) a quantization table generated based on RRC parameters.
Proposal 7	RAN2 to support configurable delay information report per LCG.
Proposal 8	At most one delay value should be reported for one LCG.
Proposal 9	If the delay information report is triggered for one LCG, only the delay of the oldest buffered PDU set/PDU of this LCG is reported.
Proposal 10	If delay information report is triggered, the delay information and the associated buffer status should be reported in the same extended BSR (i.e. new BSR format).
Proposal 11	Delay BSR should be able to trigger SR transmission.
Proposal 12	Introduce the UE capability for per LCG delay report.
Proposal 13	RAN2 to support the delay BSR triggering condition per LCG.
Proposal 14	If PDCP discardTimer residual value of the oldest packet in the buffer is smaller than a preconfigured threshold for any LCH of an LCG, delay BSR should be triggered.
Proposal 15	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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