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1. Introduction
In RAN2#124, there are the following agreements regarding BSR enhancements[1]:
	Agreements on BSR/DSR
1. The Refined BSR MAC CE includes a new 8-bit bitmap between the LCG bitmap and buffer size fields to indicate which BSR table an LCG uses. 
2. The Refined BSR MAC CE has a one-octet eLCID. 
3. The Refined BSR MAC CE has the same logical channel priority as the legacy BSR MAC CEs. 
4. Not introduce Truncated Refined BSR MAC CE, which uses the new BSR table. 
5. The maximum buffer size can be determined based on the ratio between maximum link rate (60Mbps) and minimum frame rate (15 fps), which is 750KB.  
6. The minimum buffer size can be determined based on the ratio between minimum bit rate (10 Mbps) and maximum frame rate (120 fps), which is 5 KB
7. Remaining time field range is 1 to 64 and 6 bits in DSR MAC CE.   Update value in RRC to align.
8. If one LCG, that has new table configured, has buffered data that LCG is allowed to use refined BSR


Due to the tight schedule in last RAN2 meeting, quick conclusions were made on the new buffer size range for the new BSR table, while our proposals to determine the buffer size range based on the commercial video standard H.264 were not discussed. In addition, padding BSR based on the new BSR table was not yet discussed. In this paper, the buffer size range and the padding BSR based on the new BSR table are further discussed and relevant TP are provided accordingly. 
2. Discussion
2.1. BSR table range
In the following, we will discuss the frame burst size by jointly considering the video formats of H.264 and the previous agreements on deriving buffer size, and propose to update the new BSR table to make it match the typical HD video format in H.264.
2.1.1. Existing new BSR table
According the above agreements, the new BSR table based on exponential distribution was provided in “Table 6.1.3.1-3. Buffer size levels (in bytes) for the Buffer Size field in Refined Long BSR” in MAC specification [2]. In this new BSR table, BS index 0 corresponds to the buffer size range (4903,5000] bytes, while BS index 255 corresponds to the buffer size range (735406, 750000] bytes. 
According to the discussion during the last RAN2 meeting, the following formulas respectively for deriving the minimum buffer size and maximum buffer size in [3] were used for the creation of the new BSR table:
· Bmin = 0.5 x 10 Mbps (min bit rate) /8 / 120 fps (maximum frame rate) = 5 KB
· Bmax = 1.5 x 60Mbps (max link rate) /8 /15 (min frame rate) = 750 KB. 
Observation 1 [bookmark: _Toc159258638]In 3GPP TS 38.321 v18.0.0, the BS range of the new BSR table is (4903, 750000] bytes, which is derived based on the following assumption:
a. [bookmark: _Toc159258639]For the minimum buffer size: video bitrate 10 Mbps, frame rate 120 fps and the minimum buffer size is half of the average frame burst size;
b. [bookmark: _Toc159258640]For the maximum buffer size: video bitrate 60 Mbps, frame rate 15 fps and the maximum buffer size is 1.5 times of the average frame burst size.
2.1.2. Buffer size range of video formats in H.264
[bookmark: _Toc131522645][bookmark: _Toc131522564][bookmark: _Toc131522648][bookmark: _Toc133498954][bookmark: _Toc134281634][bookmark: _Toc134284369][bookmark: _Toc134439077]Based on the discussion with some standardization colleagues in video area, we have got the information that the typical high-resolution videos mainly locate from 720p HD (1280x720) to 8K HD (8192x4320) according to the standard for H.264  [4]. In this standard, various video formats are defined. In Table A-1 and Table A-6 from [4], the mapping among the level, video format and the video bitrate are listed. For high-resolution video 720p HD and ultra-high-resolution video 8K HD, the corresponding typical maximum bitrates are 14Mbps and 800Mbps respectively. In Table A-1, the related parameters for 720p HD is marked in blue square while those for 8K HD are marked in red square, as shown below.
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Observation 2 [bookmark: _Toc159258641]From Table A1 and Table A6 in H.264 standard [4], it can be observed the following:
a. [bookmark: _Toc159258642]There is no H.264 video format which matches video bitrate 10Mbps, frame rate 120fps for minimum buffer size derivation of the existing new BSR table;
b. [bookmark: _Toc159258643]There is no H.264 video format which matches video bitrate 60Mbps, frame rate 15fps for maximum buffer size derivation of the existing new BSR table;  
Proposal 1 [bookmark: _Ref156989723][bookmark: _Toc159258652]The BS range of the new BSR table should be at least suitable for BSR for typical video formats from 720p HD to 8K HD in H.264, i.e.:
· [bookmark: _Ref149570008][bookmark: _Toc159258653]Video formats 720p HD (1280 x 720) should be used to determine the minimum buffer size for the new BSR table.
· [bookmark: _Ref149828280][bookmark: _Toc159258654]Video formats 8K HD (8192 x 4320) should be used to determine the maximum buffer size for the new BSR table.

In the following, the minimum buffer size and the maximum buffer size are derived in case that Proposal 1 is agreeable.
For video with 720p HD, there are multiple possible video formats in relation to respective parameter combinations (level, the bitrate, and frame rate). All possible combinations for 720p HD according to Table A-1 and A-6 in [4] and the respective average frame burst sizes are summarized in the following table. Each combination determined by (a level, a video bitrate, a frame rate) corresponds to one average frame burst size. For a given combination, the respective average frame burst sizes are calculated by video bitrate/frame rate. Among these combinations, the one (level 4, bitrate 20 Mbps, frame rate 68.3, average frame burst 36,603 bytes) with the minimum average frame burst size  should be 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 3 [bookmark: _Toc159258644]Among all video formats for 720p HD in [4], the combination (Level 4, Frame rate 68.3 fps, maximum bitrate 20 Mbps) has the minimum average frame burst size (36,603B). 

Similarly, for 8K HD 8192 x 4320, there are only 3 combinations available. The 3 combinations and the respective average frame burst sizes are illustrated in the following table.
	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 4 [bookmark: _Toc159258645]Among all video formats for 8K HD (8192 x 4320) in [4], the combinations (Level 6, frame rate 30.2 fps, maximum bitrate 240 Mbps) and (Level 6.1, frame rate 60.4 fps, maximum bitrate 480 Mbps) has the maximum average frame burst size (993,378 B).
[bookmark: _Toc159258646]Based on the above numerical calculation, the desired buffer size range should be:
· [bookmark: _Toc159258647]Minimum buffer size based on 720p HD: Bmin = 0.5 x 20 Mbps /8 / 68.3 fps = 18,302B;
· [bookmark: _Toc159258648]Maximum buffer size based on 8K HD: Bmax = 1.5 x 480 Mbps /8 / 60.4 fps = 149,0066B.
Observation 5 [bookmark: _Toc159258649]The lower bound of the existing new BSR table is too low for 720P HD while the upper bound of the existing new BSR table is not large enough to support 8K HD traffic.
[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]Based on the above discussion, we propose:
Proposal 2 [bookmark: _Toc159258655]For new BSR table creation, RAN2 to support the minimum buffer size and the maximum buffer size in the following:
· [bookmark: _Toc159258656]Minimum buffer size based on 720p HD: Bmin = 0.5 x 20 Mbps /8 / 68.3 fps = 18,302B;
· [bookmark: _Toc159258657]Maximum buffer size based on 8K HD: Bmax = 1.5 x 480 Mbps /8 / 60.4 fps = 149,0066B.
Similar to the creation of the existing new BSR table, all 256 entries of the new BSR table are used to indicate the buffer size. Based on the same formulas for the generation of “Table 6.1.3.1-3” in 3GPP TS 38.321 v18.0.0, the BSR table assuming Bmin 18,302B and Bmax 149,0066B are generated and appended in appendix 4.1.
Bk = Bmin (1 + p) k    			(1)
where p = (Bmax / Bmin) 1 / (N) – 1  		 (2)
Based on the parameters provided in [3], it can be derived that the maximum quantization error of the existing new BSR table in the current 3GPP TS 38.321 v18.0.0 is 1.98%, while with the new parameters proposed above, the maximum quantization error of the new BSR table is 1.74%.
Observation 6 [bookmark: _Toc159258650]The maximum quantization error of the existing new BSR table in 3GPP TS 38.321 v18.0.0 is 1.98% while the maximum quantization error for the new BSR table Bmax 1,490,066B and Bmin 18,302B is 1.74%.
Proposal 3 [bookmark: _Toc159258658]RAN2 to adopt the new BSR table with Bmax 149,0066B and Bmin 18,302B (the corresponding TP is provided in Annex A) to replace the existing new BSR table “Table 6.1.3.1-3” in 3GPP TS 38.321 v18.0.0.

2.2. Padding BSR with Refined Long BSR format
In the last RAN2 meeting, it was concluded that padding BSR with Refined Long BSR format will not be supported. This means that the gNB may receive a regular/periodic BSR with Refined Long BSR format at first and a padding BSR based the legacy BSR format afterwards. In this case, for an LCG (LCG A) whose buffer size is quantified using new BSR table in the regular/periodic BSR, its buffer size in padding BSR could be quantified based on the legacy BSR table. In this case, the quantization error could be determined by the padding BSR, which makes the good quantization in regular/periodic BSR for LCG A useless. The corresponding TP is provided in Annex B. 
Observation 7 [bookmark: _Toc159258651]The buffer size information via padding BSR based on the legacy BSR table can pollute the buffer size information via regular BSR based on the new BSR table.
Proposal 4 [bookmark: _Ref157007092][bookmark: _Toc159258659]Padding BSR based on the new BSR table should be supported.
Proposal 5 [bookmark: _Toc159258660]RAN2 to adopt the corresponding TP for Proposal 4 as provided in Annex B.
3. [bookmark: _Toc110950146][bookmark: _Toc110960576][bookmark: _Toc146543780][bookmark: _Toc146550402][bookmark: _Toc146636575][bookmark: _Toc145940669][bookmark: _Toc145944921]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	In 3GPP TS 38.321 v18.0.0, the BS range of the new BSR table is (4903, 750000] bytes, which is derived based on the following assumption:
a.	For the minimum buffer size: video bitrate 10 Mbps, frame rate 120 fps and the minimum buffer size is half of the average frame burst size;
b.	For the maximum buffer size: video bitrate 60 Mbps, frame rate 15 fps and the maximum buffer size is 1.5 times of the average frame burst size.
Observation 2	From Table A1 and Table A6 in H.264 standard [4], it can be observed the following:
a.	There is no H.264 video format which matches video bitrate 10Mbps, frame rate 120fps for minimum buffer size derivation of the existing new BSR table;
b.	There is no H.264 video format which matches video bitrate 60Mbps, frame rate 15fps for maximum buffer size derivation of the existing new BSR table;
Observation 3	Among all video formats for 720p HD in [4], the combination (Level 4, Frame rate 68.3 fps, maximum bitrate 20 Mbps) has the minimum average frame burst size (36,603B).
Observation 4	Among all video formats for 8K HD (8192 x 4320) in [4], the combinations (Level 6, frame rate 30.2 fps, maximum bitrate 240 Mbps) and (Level 6.1, frame rate 60.4 fps, maximum bitrate 480 Mbps) has the maximum average frame burst size (993,378 B).
Based on the above numerical calculation, the desired buffer size range should be:
	Minimum buffer size based on 720p HD: Bmin = 0.5 x 20 Mbps /8 / 68.3 fps = 18,302B;
	Maximum buffer size based on 8K HD: Bmax = 1.5 x 480 Mbps /8 / 60.4 fps = 149,0066B.
Observation 5	The lower bound of the existing new BSR table is too low for 720P HD while the upper bound of the existing new BSR table is not large enough to support 8K HD traffic.
Observation 6	The maximum quantization error of the existing new BSR table in 3GPP TS 38.321 v18.0.0 is 1.98% while the maximum quantization error for the new BSR table Bmax 1,490,066B and Bmin 18,302B is 1.74%.
Observation 7	The buffer size information via padding BSR based on the legacy BSR table can pollute the buffer size information via regular BSR based on the new BSR table.

Based on the discussions and the observations, we have the following proposals:
Proposal 1	The BS range of the new BSR table should be at least suitable for BSR for typical video formats from 720p HD to 8K HD in H.264, i.e.:
-	Video formats 720p HD (1280 x 720) should be used to determine the minimum buffer size for the new BSR table.
-	Video formats 8K HD (8192 x 4320) should be used to determine the maximum buffer size for the new BSR table.
Proposal 2	For new BSR table creation, RAN2 to support the minimum buffer size and the maximum buffer size in the following:
-	Minimum buffer size based on 720p HD: Bmin = 0.5 x 20 Mbps /8 / 68.3 fps = 18,302B;
-	Maximum buffer size based on 8K HD: Bmax = 1.5 x 480 Mbps /8 / 60.4 fps = 149,0066B.
Proposal 3	RAN2 to adopt the new BSR table with Bmax 149,0066B and Bmin 18,302B (the corresponding TP is provided in Annex A) to replace the existing new BSR table “Table 6.1.3.1-3” in 3GPP TS 38.321 v18.0.0.
Proposal 4	Padding BSR based on the new BSR table should be supported.
Proposal 5	RAN2 to adopt the corresponding TP for Proposal 4 as provided in Annex B.
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Annex A – TP for updated BSR table (Bmin 18,302B and Bmax 1490066B)

Start of change on TS 38.321
Table 6.1.3.1-3. Buffer size levels (in bytes) for the Buffer Size field in Refined Long BSR
	0
	>17989 and ≤ 18302
	64
	≤55214
	128
	≤166570
	192
	≤502515

	1
	≤18620
	65
	≤56174
	129
	≤169469
	193
	≤511260

	2
	≤ 18944
	66
	≤57152
	130
	≤172419
	194
	≤520157

	3
	≤ 19274
	67
	≤58147
	131
	≤175419
	195
	≤529209

	…
	…
	…
	…
	…
	…
	…
	…

	62
	≤53341
	126
	≤160921
	190
	≤485470 
	254
	≤1464579

	63
	≤54269
	127
	≤163721
	191
	≤493919
	255
	≤1490066



End of change on TS 38.321

[bookmark: _Ref157011335]Annex B – TP for padding BSR based on new BSR table
[bookmark: _Toc155999637]Start of change on TS 38.321
5.4.5	Buffer Status Reporting
The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-DelayTimerApplied;
-	logicalChannelSR-DelayTimer;
-	logicalChannelSR-Mask;
-	logicalChannelGroup, logicalChannelGroupIAB-Ext;
-	sdt-LogicalChannelSR-DelayTimer;
-	additionalBSR-TableAllowed.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight except for IAB-MTs configured with logicalChannelGroupIAB-Ext, for which the maximum number of LCGs is 256.
The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4].
A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
NOTE 1:	When Regular BSR triggering events occur for multiple logical channels simultaneously, each logical channel triggers one separate Regular BSR.
For Regular BSR, the MAC entity shall:
1>	if the BSR is triggered for a logical channel for which logicalChannelSR-DelayTimerApplied with value true is configured by upper layers and SDT procedure is not on-going according to clause 5.27:
2>	start or restart the logicalChannelSR-DelayTimer.
1>	else if BSR is triggered for a logical channel for which logicalChannelSR-DelayTimerApplied with value true is configured by upper layers and SDT procedure is on-going according to clause 5.27:
2>	start or restart logicalChannelSR-DelayTimer with the value as configured by the sdt-LogicalChannelSR-DelayTimer.
1>	else:
2>	if running, stop the logicalChannelSR-DelayTimer.
For Regular and Periodic BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if for at least one LCG configured with additionalBSR-TableAllowed, the amount of UL data available for transmission is within the buffer sizes specified in Table 6.1.3.1-3:
2>	report Refined Long BSR for all LCGs which have data available for transmission;
1>	else:
2>	if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
3>	report Long BSR for all LCGs which have data available for transmission.
2>	else:
3>	report Short BSR.
For Regular and Periodic BSR, the MAC entity for which logicalChannelGroupIAB-Ext is configured by upper layers shall:
1>	if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
2>	if the maximum LCG ID among the configured LCGs is 7 or lower:
3>	report Long BSR for all LCGs which have data available for transmission.
2>	else:
3>	report Extended Long BSR for all LCGs which have data available for transmission.
1>	else:
2>	report Extended Short BSR.
For Padding BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if for at least one LCG configured with additionalBSR-TableAllowed, the amount of UL data available for transmission is within the buffer sizes specified in Table 6.1.3.1-3, 
2> if the number of padding bits is large enough to contain the subheader plus LCG bitmap octet but smaller than the size of the Long BSR plus its subheader
3> report Refined Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>  else if the number of padding bits is equal to or larger than the size of the Refined Long BSR plus its subheader
3> report Refined Long BSR for all LCGs which have data available for transmission.
1>	else if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is equal to the size of the Short BSR plus its subheader:
4>	report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Short BSR.
1>	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:
2>	report Long BSR for all LCGs which have data available for transmission.
For Padding BSR, the MAC entity for which logicalChannelGroupIAB-Ext is configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Extended Short BSR plus its subheader but smaller than the size of the Extended Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is smaller than the size of the Extended Long Truncated BSR with zero Buffer Size field plus its subheader:
4>	report Extended Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Extended Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Extended Short BSR.
1>	else if the number of padding bits is equal to or larger than the size of the Extended Long BSR plus its subheader:
2>	report Extended Long BSR for all LCGs which have data available for transmission.
For BSR triggered by retxBSR-Timer expiry, the MAC entity considers that the logical channel that triggered the BSR is the highest priority logical channel that has data available for transmission at the time the BSR is triggered.
The MAC entity shall:
1>	if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s) as defined in clause 6.1.3.1;
3>	start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated or Extended long or short Truncated BSRs;
3>	start or restart retxBSR-Timer.
2>	if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if there is no UL-SCH resource available for a new transmission; or
3>	if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or
3>	if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see clause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>	trigger a Scheduling Request.
NOTE 2:	UL-SCH resources are considered available if the MAC entity has been configured with, receives, or determines an uplink grant. If the MAC entity has determined at a given point in time that UL-SCH resources are available, this need not imply that UL-SCH resources are available for use at that point in time.
A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR. The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted and this PDU includes a Long, Refined Long, Extended Long, Short, or Extended Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly.
NOTE 3:	MAC PDU assembly can happen at any point in time between uplink grant reception and actual transmission of the corresponding MAC PDU. BSR and SR can be triggered after the assembly of a MAC PDU which contains a BSR MAC CE, but before the transmission of this MAC PDU. In addition, BSR and SR can be triggered during MAC PDU assembly.
NOTE 4:	Void
NOTE 5:	If a HARQ process is configured with cg-RetransmissionTimer and if the BSR is already included in a MAC PDU for transmission on configured grant by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the BSR content.
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6.1.3.1	Buffer Status Report MAC CEs
Buffer Status Report (BSR) MAC CEs consist of either:
-	Short BSR format (fixed size); or
-	Extended Short BSR format (fixed size); or
-	Long BSR format (variable size); or
-	Refined Long BSR format (variable size); or
-	Extended Long BSR format (variable size); or
-	Short Truncated BSR format (fixed size); or
-	Extended Short Truncated BSR format (fixed size); or
-	Long Truncated BSR format (variable size); or
-	Extended Long Truncated BSR format (variable size).
Pre-emptive BSR MAC CE consists of:
-	Pre-emptive BSR format (variable size); or
-	Extended Pre-emptive BSR format (variable size).
The BSR formats are identified by MAC subheaders with LCIDs as specified in Table 6.2.1-2.
The Refined Long BSR format, Extended BSR formats and Pre-emptive BSR format are identified by MAC subheaders with eLCIDs as specified in Table 6.2.1-2b.
The fields in the BSR MAC CE are defined as follows:
-	LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) whose buffer status is being reported. The length of the field is 3 bits for the case of Short BSR and Short Truncated BSR formats, and 8 bits for the case of Extended Short BSR and Extended Short Truncated BSR formats;
-	LCGi: For the Long BSR format, Refined Long BSR format, Extended Long BSR format, Pre-emptive BSR format, and Extended Pre-emptive BSR format, this field indicates the presence of the Buffer Size field for the logical channel group i. The LCGi field set to 1 indicates that the Buffer Size field for the logical channel group i is reported. The LCGi field set to 0 indicates that the Buffer Size field for the logical channel group i is not reported. For the Long Truncated BSR format and the Extended Long Truncated BSR format, this field indicates whether logical channel group i has data available. The LCGi field set to 1 indicates that logical channel group i has data available. The LCGi field set to 0 indicates that logical channel group i does not have data available;
-	BTi: This field is included only in the Refined Long BSR format. This field is present only if the corresponding LCGi is set to 1; otherwise, this field is reserved. If present, this field indicates which buffer size table is used to set the Buffer Size field for the logical channel group i. The BTi field set to 1 indicates that the buffer size table specified in Table 6.1.3.1-3 is used for the logical channel group i. The BTi field set to 0 indicates that the buffer size table specified in Table 6.1.3.1-2 is used for the logical channel group i;
-	Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4] across all logical channels of a logical channel group after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the value of the Buffer Size field to zero). The amount of data is indicated in number of bytes. The size of the RLC headers and MAC subheaders are not considered in the buffer size computation. The length of this field for the Short BSR format and the Short Truncated BSR format is 5 bits. The length of this field for the Extended Short BSR format and the Extended Short Truncated BSR format is 8 bits. The length of this field for the Long BSR format, the Refined Long BSR format, the Long Truncated BSR format, the Extended Long BSR format, and the Extended Long Truncated format is 8 bits. The values for the 5-bit Buffer Size fields are shown in Tables 6.1.3.1-1. The values for the 8-bit Buffer Size fields in the Long BSR format, the Long Truncated BSR format, the Extended Long BSR format, and the Extended Long Truncated format are shown in Table 6.1.3.1-2. For the Refined Long BSR format, if an LCG is configured with additionalBSR-TableAllowed and the amount of data for an LCG is within the buffer sizes specified in Table 6.1.3.1-3, the MAC entity shall use the buffer sizes specified in Table 6.1.3.1-3 to set the value of this field; otherwise, the MAC entity shall use Table 6.1.3.1-2 instead. For the Long BSR format, the Refined Long BSR format, the Long Truncated BSR format, the Extended Long BSR format, and the Extended Long Truncated format, the Buffer Size fields are included in ascending order based on the LCGi. For the Long Truncated BSR format and the Extended Long Truncated format the number of Buffer Size fields included is maximised, while not exceeding the number of padding bits. For the Pre-emptive BSR format and the Extended Pre-emptive BSR format, the Buffer Size field identifies the total amount of the data expected to arrive at the IAB-MT of the node where the Pre-emptive BSR/Extended Pre-emptive BSR is triggered and does not include the volume of data currently available in the IAB-MT. Pre-emptive BSR format is identical to the Long BSR format. Extended Pre-emptive BSR format is identical to the Extended Long BSR format.
NOTE 1:	For the Pre-emptive BSR, if configured, the LCGs to be reported, the expected data volume calculation, the exact time to report Pre-emptive BSR and the associated LCH are left to implementation.
NOTE 2:	The mapping of LCGs between the ingress and egress links of an IAB node for purposes of determining expected change in occupancy of IAB-MT buffers (to be reported as Pre-emptive BSR) is left to implementation.
NOTE 3:	The number of the Buffer Size fields in the Long BSR, Extended Long BSR, Long Truncated BSR, and Extended Long Truncated BSR format can be zero.
NOTE 4:	The Extended versions of the BSR formats can only be used by IAB nodes.


Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE



Figure 6.1.3.1-2: Long BSR, Long Truncated BSR, and Pre-emptive BSR MAC CE



Figure 6.1.3.1-3: Extended Short BSR and Extended Short Truncated BSR MAC CE



Figure 6.1.3.1-4: Extended Long BSR, Extended Long Truncated BSR, and Extended Pre-emptive BSR MAC CE


Figure 6.1.3.1-5: Refined Long BSR, Refined Long Truncated BSR MAC CE
End of change on TS 38.321
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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
Max frame size (macroblocks): 99 99 396 396 296 396 792
Max macroblocks/second: T4s5|  14ss|  3000[  Gooo| 11sso| 11sso 19500
Max frame size (samples) 25343] 25344] 101376 101376] 101376 101376] 200752
Max samples/second: 380160| 380160] 768000] 1536000] 3041280] 3041280] 5068800
MBs|  Luma
Format Total| _Samples
SQCIF 48| 12288 309 309 625 1500 1720 1720 1720
[ocIF oo 25344 150 150 303 606] 1200 1200 1720
QvGa 300[ 76800 N - 100 200 306 396 66.0
SIE 330] 84450 N , 0.1 182 360 360 60.0
39| 101376 N , 76 152 300 300 500
660 168960 N - N N N . 300
79| 202752 N , N N N . 250
1200] 307200 N , N N N . N
1320 337020 N - N N N - N
1350] 345600 N , N N N . N
1584] 405504 N , N N N . N
1620 414720 N - N N N - N
1900|486 400 N , N N N . N
XGA 30| 786432 N , N N N . N
720p HD 3600 921600 N - N N N - N
AVGA 43800] 1228800 N , N N N . N
5120 1310720 N , N N N . N
5280[ 1351 680 N - N N N - N
16CIE 6336 1622016 N - N N N - N
4SVGA 7500 1920000 N , N N N - -
1080 HD 160] 2088 960 N , N N N . N
2KsIK 8192[ 2007 152 - B - N N . -
3704] 2208204 N , N N N - -
12288] 3145 728 N , N N N . N
19200] 4915200 - B - - N . -
21696 5554176 N , N N N E -
367231536 (2.39:1) 22080[ 5652480 N , N N N . N
384032160 31035] 7948800 N - N N N - N
4Kx2K 32768 8388 608 N , N N N . N
40962160 34560] 8847360 N , N N N . N
40962304 (16:9) 36864 9437 184 - B - N N . -
768054320 129 600[33 177 600 N , N N N - -
819234096 131072[33 554 432 N , N N N . N
819234320 138 240[35 389 440 - B - N N . -
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Table A-6 (continued) — Maximum frame rates (frames per second) for some example frame sizes

Level: 31 ER) 4 41 e
Mas frame size (macroblocks): T600 10| s 81 5704
Mas macroblocks/second: 108000] 216000] 245760] 245760 40
Mas frame size (samples): 413720] 314720] 921600] 1310720] 2097 152 2097152] 2228 204]
Mas samples/second: 5184 000] 10 368 00027 648 000 | 55 296 000 62 914 560[ 62 914 560 | 133 693 440

Luma| Luma| MBs| Luma

Format Width | Height| Total| Samples
SQCIE 18 48] 1oss 1720 1720 720 1720 1720 1720 172.0]
QCIF 176 90] 25344 172.0 1720 1720 1120 1720 1720 172.0]
QVGa 30 300 76800 675 1350] 1720 1710 172.0 1720 172.0]
535 SIE 330] 84450 614 1227 7200 1720 172.0 1720 172.0]
CIF 396] 101376 511 1023 120] 1720 172.0 1720 172.0]
660] 168960 307 614 1636] 1720 1720 1720 172.0]
792 200752 256 511 1364] 1720 172.0 1720 172.0]
1200] 307200 169 338 900 1720 172.0 1720 172.0]
704 1320] 337920 153 307 s18 163.6 1720 1720 172.0]
720 1350] 345 600 150 300 300 1600 172.0 1720 172.0]
704 1584] 405504 128 256 682 1364 1552 1552 172.0]
720 1620] 414720 125 250 66.1 1333 1517 1517 172.0]
300 1900] 486 400 N N 5658 1137 1293 1293 172.0]
XGA 1024] 768 3072 786432 N N 352 703 30.0 50.0 170.0]
720p HD 1s0]  730] 3600] o210 N 300] 600 553 1451
4VGA 1250 4500] 1228800 N N N 45.0 512 512 1088
SXGA 1250 5120] 1310720 N N N 02 480 480 102.0]
525 16SIF 1308 5280[ 1351680 N N N - 465 165 989
16CIE 1408 §336] 1622016 N N N , 388 388 $2.4]
4SVGA 1600 7500] 1920000 N N N B 328 328 69.6]
1080 D 1920 $160] 2088960 N N N , 301 301 630
KK 2048 8192] 2097152 N N N , 300 300 638
2Kx1080 2048 8704] 2228224 - - N . - N 50.0)
4XGA 2048 12288] 3145728 N N N - - N ]
16VGA 2560 19200] 4915200 N N N . . N ]
361631536 2.35:1) 3616 21696 5554176 - - - . . N ]
367251536 (2.39:1) 3680 22080[ 5652480 N N N - - N ]
334052160 3840 31035] 7048800 N N N , , N ]
ARK 4096 32768 388 608 N N N . . N ]
409632160 4096| 2160] 34560 5847360 - - - - - N ]
409632304 (16:9) 4096 | 2304] 36864] 9437184 N N N - - N ]
768054320 7680 4320 129 600[33 177 600 N N N . . N ]
519254096 $192|  4096] 131072 |33 534 432 - - - . . N ]
51924320 $103]  4320] 13824035 389 440 - - - - - N ]
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Table A-6 (concluded) — Maximum frame rates (frames per second) for some example frame sizes

Level: o 51 5] s [#)
Mas frame size (macroblocks): 22080 36864 36864 139764 139264
Mas macroblocks/second: ss9s24]  os3040] 2073600 4177920 16 711 680
Mas frame size (samples): 5652480] 0437184] 9437184 35651584] 35651584 35651584
Mas samples/second: 1509940441 251 658 240] 530841 600] 1069547 520] 2139095 040] 4278 190080

Tuma MBs| Luma

Format Width Total| Samples
SQCIF 18 48] 1o 1720 1720 3000 3000 3000
QCIE 176 99| 25344 172.0 1720 3000 3000 3000
QVGA 30 300 76800 172.0 1720 3000 3000 3000
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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