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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
RAN2 agreed to support only one static 8bits BSR table for XR service with big data size. 
Detailed agreements regarding new BS table during RAN2#121bis-e and RAN2#122 meeting are listed here for reference: 
	At RAN2#121bis-e:
· As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 
· Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made. 
· At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
· New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
· Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.
At nRAN2#122:
· 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 this document, we discuss the code points of the new static BS table, and corresponding new BSR MAC CE format, and necessary configuration. Finally we discuss possible new BSR trigger(s). 
Discussion
New static BSR table 
According to the agreement made in last meeting, RAN2 will design one static BSR table with 8bits BS field for Rel-18 XR. 
Also it is majority opinion to support linear distribution to generate code points in the new BSR table. But based on previous meeting’s agreement it is still need to confirm whether exponential distribution and or piecewise linearity can be considered 

	· At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
· 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.


And according to contributions promoting piecewise, the intention seems to keep the same step size within the typical XR data burst size, and with bigger step size out of the typical XR data size. Since we agree to cover a narrower size range with the new BS table, and within this narrower range, there seems no point to have different step size.  For exponential distribution, it could only work together with linear distribution if it becomes configurable, but this is not the case anymore.
Moreover, based on the analysis in [1], a linear distribution BS table already can achieve an average quantization error of ~1%, to cover the maximum 150Mbps bitrate and minimum 24 frame rates, it is much better comparing with the average quantization error of ~6.5% with legacy BSR table. To keep the thing simple:

RAN2 confirm to support linear distribution only 

Then next step is to determine the size range of the new BS table, following are the text from TR38.835, where it says
· the XR video frame rate could varies from15fps to 120 fps
· the XR video bit rate could be between 10 up to 200Mbps
	[bookmark: _Toc131415127]4.5.2	Video
The frame rate for XR video varies from 15 frames per second up to 90 or even 120 frames per second, with a typical minimum of 60 for VR (see TR 26.918 [5] and TR 26.926 [6]).
According to TR 26.918 [5], the latency of action of the angular or rotational vestibulo-ocular reflex is known to be of the order of 10 ms or in a range from 7-15 milliseconds and it seems reasonable that this should represent a performance goal for XR systems. This results in a motion-to-photon latency of less than 20 milliseconds, with 10ms being given as a goal.
Regarding the bit rates, between 10 and 200Mbps can be expected for XR depending on frame rate, resolution and codec efficiency (see TR 26.926 [6] and TR 26.928 [7]).



Use the same method proposed in [1], and align the documented maximum bit rate and minimum framerate in TR, we can calculate 
· Bmax=maximum bit rate/8/minimum frame rate= 200Mbps/8/15fps= 1666,667Bytes
· Bmin >= Bmax /(1+256*6.5%) = 94,482bytes
· Step size is about 6141 Byte
In legacy 8bits BS table, this size range is covered by code points from 145 to 192 , where the step size is larger than 106,951. now the step size of new table is reduced to 6000. It is still quite big step size but much smaller than legacy. The quantization error of the new table is from ~0.4% up to ~6.4%. 

kindly ask RAN2 to support the new BSR table in appendix with:
· Bmin = 94,482 Bytes
· Step size = 6141 Bytes

BSR MAC CE format   
Legacy BSR is reported per LCG. LCH with similar priority might be configured into same LCG. we do not expect the circumstance is changed with XR service. 

On the other hand, potentially per PDU set/LCH remaining delay report might be supported. If the remaining delay will be reported by extending BSR MAC CE, per LCH/PDU set BSR report might be required. 

At least per LCG BS report could be taken as baseline in our understanding: 

Per LCG BS report is taken as baseline. Higher granularity than per LCG BS report can be discussed together with remaining delay report. 


It is likely that new BS table is used for some LCG(s)( i.e., the LCG include the LCHs carrying XR service) but legacy BS table is for other LCGs(e.g., the LCG for SRBs and DRB not carrying XR traffic). BS fields of some LCGs should be encode/decode always based on legacy BS table if it is not configured with new BS table. 

[bookmark: _Hlk131597830]Observation 1: it should be possible not to apply new BS table for SRB(s) and DRB not for XR traffic 


From a given LCG configured with the new BS table, it is still possible that the buffer size corresponding to this LCG at some point of time, is small, e.g., when only PDCP/RLC control PDU is in buffer or when most of buffered data has been scheduled away. When the buffered data is small, precise BS information is very important for gNB in order to schedule a right size of UL grant. Falling back to use legacy BS table would be preferable. Moreover, the new BSR table only covers a certain BS range, the buffer size may fall out of the new BS table coverage.


Observation 2: UE should be able to fall back to legacy BS table(s) for a LCG which is configured/enabled with new BS table (e.g., in case the buffer size becomes small after being scheduled)

hence it is not enough for UE always use new or legacy BS table based on NW RRC configuration, it would be better: 
· When the buffer size is in (min, max) of the new BS table, use new BS table which provides more precise buffer size
· When the buffer size is out of (min, max) of the new BS table, use legacy BS table(s) 

To support this dynamic BS table switch, table indication should be introduced in BSR MAC CE. Moreover there might be some uncertain period between the reconfiguration message and the reflection of the received new configuration. If this uncertain period may exist for this new BSR mechanism, the BS table indication will be useful. Hence, It is proposed: 
Introduce BS table indication in new BSR MAC CE

For long or long truncated BSR MAC CE, in principle, BS table indication would be only needed for the LCGs configured with additional new BSR table, but it is simple just to introduce table indication for every LCG.  



For short or short truncated BSR MAC CE, currently, 5bit BS field/table is used. However, there was proposal to also use 8bits field for finer granularity. Apparently, new BS table is also for finer granularity, this should be discussed together. we could then have 4 options to increase the granularity:
1) keep the 5bits BS field but use a new 5bits BS table for higher granularity
2) introduce 8bits BS field and use only the legacy 8bit BS table
3) introduce 8bits BS field and use only the new 8bit BS table to align with the BS table used for long or long truncated BSR MAC CE
4) introduce 8bit BS filed, and UE choose either to use legacy 8bits BS table or new 8bits BS table depends on if the Buffer Size fall in (min, max)

Option 2 and option 3 would request 2bytes of MAC CE format to accommodate 8bits Buffer Size field and 3bits LCG ID field, still 5bits will not be used yet. Instead, with option 4, 1 of the unused 5bits can be used for BS table indication. For option1, it can keep 1byte MAC CE format, but a new (e)LCID would be still required to distinguish from legacy short/short truncated MAC CE. Our preference is to have 8bits field to having same granularity for both short/short truncated BSR MAC CE and long/long truncated BSR MAC CE, with the cost of 1byte more payload.
if new BS table is configured/enabled for a LCG, for a short or short truncated BSR MAC CE, BS field has fixed length of 8 bits too, either legacy or new 8bit BS table could be used.


Together with all above proposals, we further propose to introduce two new BSR MAC CEs:

introduce following two new BSR MAC CEs, FFS further extension for delay report:



New long or long truncated BSR MAC CE 


New short or short truncated BSR MAC CE



Other aspect of new BS table
Since the new table is designed in a way that if the buffer size falls in the size range of the new BS table, the quantization error will be lower if using the new table. 

UE use new BS table if the buffer size falls in the size range of the new BS table when 8bits BS field is used

If it is agreeable to have 1bit table indicator per LCG in long or long truncated BSR MAC CE, there is no necessary to enable new static BS table per LCG.  per UE enable bit is enough. And once new static BS table is enabled, it means new BSR MAC CE with table indicator is also enabled:
 
New BSR MAC CE with new BS table could be enabled/disabled per UE.

New BSR trigger(s) 
One target of introducing a new BSR trigger is to update gNB the buffer size especially when the gNB-expected buffer size (based on the last BSR report and scheduled data volume since then) is different from the real buffer size in UE. This difference can be due to more data arrival in the buffer, PDU discarding and so on. Another target of introducing new BSR trigger is simply to update gNB more often in case of XR service where the buffer size and UL grant tend to be big. Following these two targets, RAN2 could discuss a BSR trigger based on unexpected buffer size change for gNB, or we can simply always include BSR if the signalling overhead is not a problem e.g. when the UL grant is big. 

Moreover, with only one static BS table is introduced, the quantization error/step size is still can be up to 6000Bytes. This would not be enough for gNB to grant a scheduling well matching with the data available to transmit, more frequent BSR report would be helpful.

Introduce new BSR trigger based on unknown/unexpected buffer size change(not due to being scheduled, but due to discard or additional data arrival) 

Introduce new BSR trigger based on UL grant size is bigger than a threshold

Summary
[bookmark: OLE_LINK3]In this contribution, we discussed several aspect around new BSR table and new BSR trigger:

New BS table:
1. RAN2 confirm to support linear distribution only 
kindly ask RAN2 to support the new BSR table in appendix with:
· Bmin = 94,482 Bytes
· Step size = 6141 Bytes
New BSR MAC CEs:
Per LCG BS report is taken as baseline. Higher granularity than per LCG BS report can be discussed together with remaining delay report. 

Observation 1: it should be possible not to apply new BS table for SRB(s) and DRB not for XR traffic 
Observation 2: UE should be able to fall back to legacy BS table(s) for a LCG which is configured/enabled with new BS table (e.g., in case the buffer size becomes small after being scheduled)
Introduce BS table indication in new BSR MAC CE
if new BS table is configured/enabled for a LCG, for a short or short truncated BSR MAC CE, BS field has fixed length of 8 bits too, either legacy or new 8bit BS table could be used.
introduce following two new BSR MAC CEs, FFS further extension for delay report:



New long or long truncated BSR MAC CE 


New short or short truncated BSR MAC CE
UE use new BS table if the buffer size falls in the size range of the new BS table when 8bits BS field is used
New BSR MAC CE with new BS table could be enabled/disabled per UE.


New BSR triggers:
Introduce new BSR trigger based on unknown/unexpected buffer size change(not due to being scheduled, but due to discard or additional data arrival) 

Introduce new BSR trigger based on UL grant size is bigger than a threshold
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Appendix: new BS table
New Buffer size levels (in bytes) for 8-bit Buffer Size field

	index 
	BS value 
	index 
	BS value 
	index 
	BS value 
	index 
	BS value 

	0
	94482<
<=100623
	64
	<=493647
	128
	<=886671
	192
	<=1279695

	1
	<=106764
	65
	<=499788
	129
	<=892812
	193
	<=1285836

	2
	<=112905
	66
	<=505929
	130
	<=898953
	194
	<=1291977

	3
	<=119046
	67
	<=512070
	131
	<=905094
	195
	<=1298118

	4
	<=125187
	68
	<=518211
	132
	<=911235
	196
	<=1304259

	5
	<=131328
	69
	<=524352
	133
	<=917376
	197
	<=1310400

	6
	<=137469
	70
	<=530493
	134
	<=923517
	198
	<=1316541

	7
	<=143610
	71
	<=536634
	135
	<=929658
	199
	<=1322682

	8
	<=149751
	72
	<=542775
	136
	<=935799
	200
	<=1328823

	9
	<=155892
	73
	<=548916
	137
	<=941940
	201
	<=1334964

	10
	<=162033
	74
	<=555057
	138
	<=948081
	202
	<=1341105

	11
	<=168174
	75
	<=561198
	139
	<=954222
	203
	<=1347246

	12
	<=174315
	76
	<=567339
	140
	<=960363
	204
	<=1353387

	13
	<=180456
	77
	<=573480
	141
	<=966504
	205
	<=1359528

	14
	<=186597
	78
	<=579621
	142
	<=972645
	206
	<=1365669

	15
	<=192738
	79
	<=585762
	143
	<=978786
	207
	<=1371810

	16
	<=198879
	80
	<=591903
	144
	<=984927
	208
	<=1377951

	17
	<=205020
	81
	<=598044
	145
	<=991068
	209
	<=1384092

	18
	<=211161
	82
	<=604185
	146
	<=997209
	210
	<=1390233

	19
	<=217302
	83
	<=610326
	147
	<=1003350
	211
	<=1396374

	20
	<=223443
	84
	<=616467
	148
	<=1009491
	212
	<=1402515

	21
	<=229584
	85
	<=622608
	149
	<=1015632
	213
	<=1408656

	22
	<=235725
	86
	<=628749
	150
	<=1021773
	214
	<=1414797

	23
	<=241866
	87
	<=634890
	151
	<=1027914
	215
	<=1420938

	24
	<=248007
	88
	<=641031
	152
	<=1034055
	216
	<=1427079

	25
	<=254148
	89
	<=647172
	153
	<=1040196
	217
	<=1433220

	26
	<=260289
	90
	<=653313
	154
	<=1046337
	218
	<=1439361

	27
	<=266430
	91
	<=659454
	155
	<=1052478
	219
	<=1445502

	28
	<=272571
	92
	<=665595
	156
	<=1058619
	220
	<=1451643

	29
	<=278712
	93
	<=671736
	157
	<=1064760
	221
	<=1457784

	30
	<=284853
	94
	<=677877
	158
	<=1070901
	222
	<=1463925

	31
	<=290994
	95
	<=684018
	159
	<=1077042
	223
	<=1470066

	32
	<=297135
	96
	<=690159
	160
	<=1083183
	224
	<=1476207

	33
	<=303276
	97
	<=696300
	161
	<=1089324
	225
	<=1482348

	34
	<=309417
	98
	<=702441
	162
	<=1095465
	226
	<=1488489

	35
	<=315558
	99
	<=708582
	163
	<=1101606
	227
	<=1494630

	36
	<=321699
	100
	<=714723
	164
	<=1107747
	228
	<=1500771

	37
	<=327840
	101
	<=720864
	165
	<=1113888
	229
	<=1506912

	38
	<=333981
	102
	<=727005
	166
	<=1120029
	230
	<=1513053

	39
	<=340122
	103
	<=733146
	167
	<=1126170
	231
	<=1519194

	40
	<=346263
	104
	<=739287
	168
	<=1132311
	232
	<=1525335

	41
	<=352404
	105
	<=745428
	169
	<=1138452
	233
	<=1531476

	42
	<=358545
	106
	<=751569
	170
	<=1144593
	234
	<=1537617

	43
	<=364686
	107
	<=757710
	171
	<=1150734
	235
	<=1543758

	44
	<=370827
	108
	<=763851
	172
	<=1156875
	236
	<=1549899

	45
	<=376968
	109
	<=769992
	173
	<=1163016
	237
	<=1556040

	46
	<=383109
	110
	<=776133
	174
	<=1169157
	238
	<=1562181

	47
	<=389250
	111
	<=782274
	175
	<=1175298
	239
	<=1568322

	48
	<=395391
	112
	<=788415
	176
	<=1181439
	240
	<=1574463

	49
	<=401532
	113
	<=794556
	177
	<=1187580
	241
	<=1580604

	50
	<=407673
	114
	<=800697
	178
	<=1193721
	242
	<=1586745

	51
	<=413814
	115
	<=806838
	179
	<=1199862
	243
	<=1592886

	52
	<=419955
	116
	<=812979
	180
	<=1206003
	244
	<=1599027

	53
	<=426096
	117
	<=819120
	181
	<=1212144
	245
	<=1605168

	54
	<=432237
	118
	<=825261
	182
	<=1218285
	246
	<=1611309

	55
	<=438378
	119
	<=831402
	183
	<=1224426
	247
	<=1617450

	56
	<=444519
	120
	<=837543
	184
	<=1230567
	248
	<=1623591

	57
	<=450660
	121
	<=843684
	185
	<=1236708
	249
	<=1629732

	58
	<=456801
	122
	<=849825
	186
	<=1242849
	250
	<=1635873

	59
	<=462942
	123
	<=855966
	187
	<=1248990
	251
	<=1642014

	60
	<=469083
	124
	<=862107
	188
	<=1255131
	252
	<=1648155

	61
	<=475224
	125
	<=868248
	189
	<=1261272
	253
	<=1654296

	62
	<=481365
	126
	<=874389
	190
	<=1267413
	254
	<=1660437

	63
	<=487506
	127
	<=880530
	191
	<=1273554
	255
	<=1666578


Appendix: new BSR MAC CEs



New long or long truncated BSR MAC CE 


New short or short truncated BSR MAC CE
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