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1. Introduction
In RAN2#123bis, there were the following agreements regarding BSR table:
Agreements on BSR
1. Adopt an exponential BSR table.  FFS on buffer size 
2. 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.
3. New MAC CE including indication of table selection per LCG will be introduced.  Exact format FFS (to be discussed in MAC CR review phase)
According the above agreements, there is one remaining issue on the buffer size range of the new BSR table. In this paper, we will discuss the buffer size range based on the available information from SA4 and H.264 standard. Besides, we also provide our views on additional BSR triggering. 
2. Discussion
2.1. BSR table derivation
[bookmark: _Toc131522645][bookmark: _Toc131522564][bookmark: _Toc131522648][bookmark: _Toc133498954][bookmark: _Toc134281634][bookmark: _Toc134284369][bookmark: _Toc134439077]In 3GPP TR 26.928[2], there is following table regarding the bitrates of some typical XR video formats. This table can be taken as one of the references to determine the maximum video bitrate for XR. From this table, it can be derived that the typical bitrate of XR locates in 10 ~ 150 Mbps. Please be noted that this table is to capture the views regarding the video bitrate from some companies. There could be some other typical video bitrates that are not considered in this table.
Table 4.5-1: Expected Video coding standards performance and bitrate target
	Codec
	Coding performance
(Random-Access)
	Targeted bitrate
(Random Access)

	
	Objective
	Subjective
	

	AVC
	
	
	4k:
· Statmux: 20-25 Mbps
· CBR: 35 - 50 Mbps
8k: 
· CBR: 80 - 100 Mbps
· High quality: 100 - 150 Mbps
[33][34][35]

	HEVC
	-40% vs AVC [33][34][35]
	-60% vs AVC [33][34][35]
	4k:
· Statmux: 10-13 Mbps
· CBR: 18-25 Mbps
8k: 
· CBR: 40-56 Mbps
· High quality: 80-90 Mbps
[33][34][35]


[bookmark: _Toc149234999]In order to identify the typical XR bitrate range, we have further navigated the related parts in H.264 standard [3]. In  [3], the video bitrates from low resolution to high resolution are listed in Table A-1, as below. In this table, the video bitrates for different levels are listed. In the same standard, the frame rates for different coding formats and levels are listed in Table A-6 as below. From Table A-6, it can be observed that the same coding format can have multiple different frame rates respectively in relation to different levels. In principle, higher level can support higher resolution videos.  
Based on some discussion with some standardization colleagues in video area, we have got the information that the typical high-resolution video could locates in 720p HD to 8192 x 4320 in Table A-6. The corresponding typical maximum bitrate locates in range 14~800Mbps by looking up Table A-1. In Table A-1, the lower video bitrate bound is marked in blue square while the upper bound is marked in red square, as shown below.
[bookmark: _Toc149234998][image: ]
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Observation 1 [bookmark: _Toc149914687]The bitrate range derived based on Table 4.5-1 in 3GPP TR 26.928 is 10~150 Mbps.
Observation 2 [bookmark: _Toc149914688]The bitrate range derived based on H.264 standard can be 14~800 Mbps.
As far as our understanding, there is no significant difference between the bitrate range derived based on Table 4.5-1 from 3GPP TR 26.928 [2] and that derived based on Table A-1 and Table A-6 from the H.264 standard [3], as both bitrate ranges already contains the typical bitrates in the commercial products. We slightly prefer the bitrate range derived based on H.264 [3] as it could be more solid and future-proof.
Observation 3 [bookmark: _Toc149914689]The bitrate range derived based on H.264 standard could be more solid and future proof.
Proposal 1 [bookmark: _Ref149570008][bookmark: _Toc149914698]Video format 720p HD in H.264 (14Mbps) should be used to determine the minimum buffer size for new BSR table.
Proposal 2 [bookmark: _Ref149828280][bookmark: _Toc149914699]Video format 8192 x 4320 in H.264 (800Mbps) should be used to determine the maximum buffer size for new BSR table.

In the following, the minimum buffer size and the maximum buffer size are derived in case that Proposal 1 and Proposal 2 are agreeable.
For video 720p HD, the levels, the bitrates, and frame rates and average frame burst size for all possible combinations which are derived based on Table A-1 and A-6 in [3], are summarized in the following table. Each combination corresponds to a level indication, a video bitrate and a frame rate.. For all these combinations, the respective average frame burst sizes are calculated based on the respective video bitrates and the respective frame rates. Among these combinations, the one with the minimum frame burst size (level 4, bitrate 20 Mbps, frame rate 68.3, average frame burst 36,603 bytes) is used to derive the minimum buffer size of the new BSR table. 
	level
	3.1
	3.2
	4
	4.1
	4.2
	5
	5.1
	5.2
	6
	6.1
	6.2

	Frame rate
	30.0
	60.0
	68.3
	68.3
	145.1
	163.8
	172.0
	172.0
	300.0
	300.0
	300.0

	Bitrate (Mbps)
	14
	20
	20
	50
	50
	135
	240
	240
	240
	480
	800

	Average frame burst size (Byte)
	58,333
	41,667
	36,603
	91,508
	43,074
	103.022
	174.419
	174.419
	100,000
	200,000
	333,333


Observation 4 [bookmark: _Toc149914690]If the 720p HD is used as reference case to determine the minimum buffer size, level 4 (minimum average frame burst size 36,603 bytes) should be adopted to determine the minimum buffer size.

For 8192 x 4320, there are only 3 levels (6, 6.1 and 6.2) which are applicable. The frame rate, the bitrate and the corresponding average frame burst sizes for the 3 combinations are derived according Table A-1 and A-6 in [3] and summarized in the following table. According the following table, level 6 and 6.1 has the same maximum average frame burst size.
	level
	3.1
	3.2
	4
	4.1
	4.2
	5
	5.1
	5.2
	6
	6.1
	6.2

	Frame rate
	-
	-
	-
	-
	-
	-
	-
	-
	30.2
	60.4
	120.9

	Bitrate (Mbps)
	-
	-
	-
	-
	-
	-
	-
	-
	240
	480
	800

	Average frame burst size (Byte)
	-
	-
	-
	-
	-
	-
	-
	-
	993,378
	993,378
	827,130



Observation 5 [bookmark: _Toc149914691]If the 8192 x 4320 is used as reference case to determine the maximum buffer size, level 6 or 6.1 (average frame burst size 993,378 bytes) should be adopted to determine the maximum buffer size.
Regarding the frame variation range, if GoP model is assumed, for video of a given data rate, the I-frame burst size and the P-frame burst size depends on the GoP size. According 3GPP TR 38.838 i00, it looks likely that the I-frame burst size is 1.5 times of the average frame burst size while the P-frame burst size is half of the average frame burst size. However, this could not be true in practice as the I-frame burst size could be many times of the P-frame burst size. In another aspect, it looks like that the XR traffic model in3GPP TR 38.838 i00 assumes there is one I-frame every other video frame. This could not be true as in practice the GoP size could be large, i.e. there can be many P-frames after each I-frame.
Table 5.1.1.1-1: Statistical parameters for packet size following truncated Gaussian distribution
	Parameter
	unit
	Baseline values for evaluation
	Optional values for evaluation for single eye buffer

	Mean: M
	byte
	R×1e6 / F / 8
	R×1e6 / F / 8

	STD
	byte
	10.5% of M
	3 % of M

	Max
	byte
	150% of M
	109% of M

	Min
	byte
	50% of M
	91% of M

	R: data rate of the flow in Mbps.
F: frame generation rate of the flow in fps.
Note that the mean and STD apply before truncation applies.
Note that the value of R, F depend on application.


However, as RAN2 has agreed that the legacy BSR table can be anyways used if the buffer size to be reported locates outside of the buffer size range of the new BSR table. In the meanwhile, there is little time left for the WI. Hence, we can accept to reuse the assumption in 3GPP TR 38.838 for the minimum/maximum buffer size derivation.
Proposal 3 [bookmark: _Toc149914700]For one XR video traffic, it should be assumed that the minimum/maximum buffer size is half / 1.5 times of the average frame burst sizes (as assumed in 3GPP TR 38.838), i.e. the new BSR table buffer size range is 18,302 ~ 14,900,663 bytes.  
[bookmark: _Toc149234933][bookmark: _Toc149235068][bookmark: _Toc149235574][bookmark: _Toc149234934][bookmark: _Toc149235069][bookmark: _Toc149235575][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][bookmark: _Toc149234935][bookmark: _Toc149235070][bookmark: _Toc149235576][bookmark: _Toc149234936][bookmark: _Toc149235071][bookmark: _Toc149235577][bookmark: _Toc149234938][bookmark: _Toc149235073][bookmark: _Toc149235579][bookmark: _Toc149234940][bookmark: _Toc149235075][bookmark: _Toc149235581][bookmark: _Toc149234941][bookmark: _Toc149235076][bookmark: _Toc149235582][bookmark: _Toc149234942][bookmark: _Toc149235077][bookmark: _Toc149235583][bookmark: _Toc149234943][bookmark: _Toc149235078][bookmark: _Toc149235584][bookmark: _Toc149234944][bookmark: _Toc149235079][bookmark: _Toc149235585][bookmark: _Toc149234945][bookmark: _Toc149235080][bookmark: _Toc149235586][bookmark: _Toc149234947][bookmark: _Toc149235082][bookmark: _Toc149235588][bookmark: _Toc149234948][bookmark: _Toc149235083][bookmark: _Toc149235589][bookmark: _Toc149234949][bookmark: _Toc149235084][bookmark: _Toc149235590][bookmark: _Toc149234950][bookmark: _Toc149235085][bookmark: _Toc149235591][bookmark: _Toc149234951][bookmark: _Toc149235086][bookmark: _Toc149235592][bookmark: _Toc149234952][bookmark: _Toc149235087][bookmark: _Toc149235593][bookmark: _Toc149234953][bookmark: _Toc149235088][bookmark: _Toc149235594][bookmark: _Toc149234954][bookmark: _Toc149235089][bookmark: _Toc149235595][bookmark: _Toc149234955][bookmark: _Toc149235090][bookmark: _Toc149235596][bookmark: _Toc149234956][bookmark: _Toc149235091][bookmark: _Toc149235597][bookmark: _Toc149234957][bookmark: _Toc149235092][bookmark: _Toc149235598][bookmark: _Toc149234958][bookmark: _Toc149235093][bookmark: _Toc149235599][bookmark: _Toc141793772][bookmark: _Toc149234959][bookmark: _Toc149235094][bookmark: _Toc149235600][bookmark: _Toc149234960][bookmark: _Toc149235095][bookmark: _Toc149235601][bookmark: _Toc141793773][bookmark: _Toc149234962][bookmark: _Toc149235097][bookmark: _Toc149235603][bookmark: _Toc149234963][bookmark: _Toc149235098][bookmark: _Toc149235604]Since the UE can always use the legacy table if the buffer size is outside of the buffer size range of the new BSR table, it is not meaningful to reserve the upper entries in the new BSR table for future use.
Proposal 4 [bookmark: _Toc149914702]All 256 entries of the new BSR table are used for buffer size indication, i.e. no entry is reserved for future use.
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 based on these formulas 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%.  
Proposal 5 [bookmark: _Toc149914703]The following formula as in legacy is reused for exponential BSR table generation:
· [bookmark: _Toc149914704]Bk = Bmin (1 + p) k    			 (1)
· [bookmark: _Toc149914705]where p = (Bmax / Bmin) 1 / (N-2) – 1  	 (2)
If the above proposals are agreeable, the new BSR table can be derived accordingly. A quantization error of 1.73% can be achieved based on our evaluation. To save the space, the entries for new BSR table is illustrated in the figure at the left below. In the meanwhile, the linear BSR table with the same buffer size range is also presented for comparison. The quantization error comparison between exponential BSR table and linear BSR table is provided in the figure at the right below. It can be observed that the quantization error of the low code point index can be very much higher than legacy BSR table and such quantization error is totally unendurable. 
[image: ]   [image: ]
Observation 6 [bookmark: _Toc149914692]Based on the exponential BSR table according the proposed buffer size range, an equal quantization error of 1.73% can be achieved.

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: _Toc149914706] Introduce additional BSR triggering conditions, example:
· [bookmark: _Toc149914707]a) BSR triggering upon the subsequent data arrival of an LCH; 
· [bookmark: _Toc149914708]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	The bitrate range derived based on Table 4.5-1 in 3GPP TR 26.928 is 10~150 Mbps.
Observation 2	The bitrate range derived based on H.264 standard can be 14~800 Mbps.
Observation 3	The bitrate range derived based on H.264 standard could be more solid and future proof.
Observation 4	If the 720p HD is used as reference case to determine the minimum buffer size, level 4 (minimum average frame burst size 36,603 bytes) should be adopted to determine the minimum buffer size.
Observation 5	If the 8192 x 4320 is used as reference case to determine the maximum buffer size, level 6 or 6.1 (average frame burst size 993,378 bytes) should be adopted to determine the maximum buffer size.
Observation 6	Based on the exponential BSR table according the proposed buffer size range, an equal quantization error of 1.73% can be achieved.

Based on the discussions and the observations, we have the following proposals:
Proposal 1	Video format 720p HD in H.264 (14Mbps) should be used to determine the minimum buffer size for new BSR table.
Proposal 2	Video format 8192 x 4320 in H.264 (800Mbps) should be used to determine the maximum buffer size for new BSR table.
Proposal 3	For one XR video traffic, it should be assumed that the minimum/maximum buffer size is half / 1.5 times of the average frame burst sizes (as assumed in 3GPP TR 38.838), i.e. the new BSR table buffer size range is 18,302 ~ 14,900,663 bytes.
Proposal 4	All 256 entries of the new BSR table are used for buffer size indication, i.e. no entry is reserved for future use.
Proposal 5	The following formula as in legacy is reused for exponential BSR table generation:
-	Bk = Bmin (1 + p) k        (1)
-	where p = (Bmax / Bmin) 1 / (N-2) – 1    (2)
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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Table A-6 — Maximum frame rates (frames per second) for some example frame sizes

Level 1 Ty 11 12 13 2 21
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Table A-6 (continued) — Maximum frame rates (frames per second) for some example frame sizes
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Table A-6 (concluded) — Maximum frame rates (frames per second) for some example frame sizes
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525 SIE 330] 84450 1720 1720 3000 3000 3000
CIF 39| 101376 1720 1720 3000 3000 3000
660] 168960 172.0 1720 3000 3000 3000
792] 200752 172.0 1720 3000 3000 3000
1200] 307200 1720 1720 3000 3000 3000
704 1320] 337920 172.0 1720 3000 3000 3000
720 1350] 345 600 1720 1720 3000 3000 3000
704 1584] 405504 172.0 1720 3000 3000 3000
720 1620] 414720 172.0 1720 3000 3000 3000
300 1900] 486 400 1720 1720 3000 3000 3000
1024 3012] 786432 172.0 1720 3000 3000 3000
3600] 921600 1720 1720 3000 300.0 3000
4500] 1228800 172.0 1720 3000 3000 3000
SXGA 5120 1310720 1720 1720 3000 3000 3000
525 16SIF 5280[ 1351680 172.0 1720 3000 3000 3000
16CIE 6336] 1622016 1552 1720 3000 3000 3000
4SVGA 7500 1920000 FET 1720 3000 3000 3000
1080 D $160] 2088960 1205 1720 3000 3000 3000
2KSIK 5192] 2097152 1200 1720 3000 3000 3000
2Ks1080 $704] 2208204 1129 1720 3000 3000 3000
IXGA 12288] 3145728 30.0 1688 3000 3000 3000
16VGA 19200] 4915200 512 1080 2176 3000 3000
361631536 2.351) 21696 5554176 453 956 1926 3000 3000
367251536 (2.39:1) 22080[ 5652480 445 959 1892 300.0 3000
384052160 31035] 7948800 N 303 610 1289 2579 3000
KK 32768 8388608 N 300 63 175 2550 3000
409632160 33560 8847360 N 284 60.0 1209 2418 3000
409632304 (16:9) 36864 9437184 N 267 563 1133 3000
768054320 129 60033 177 600 N , N 322 1289
19254096 131072[33 554 432 N - N 319 633] 115
519254320 138240[35 389 440 N - N 302 60.4 1209
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