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In RAN2 meeting #122, RAN2 agreed on the following with respect to the new Buffer Size (BS) table for XR [1]:
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.

No progress was made on the BS table design during RAN2 meeting #123 [2]. 
In this contribution, we provide the detailed design of the new BS table for XR. We also compare it with some alternatives being proposed.
Discussions 
Our proposed new BS table design 
In our Tdoc [3] submitted to RAN2 meeting #122, we conclude that the new BS table should cover a buffer size up to the size of a single I frame for the optional video data rate scenario (i.e., 20Mbps), as described in [4], or roughly 200 Kbytes. This design is based on the assumptions that a Buffer Size field in the DSR MAC CE corresponds to the size of a single video frame and that any non-urgent data, of which the remaining time has not dropped below the pre-specified time threshold, can be reported using one of the legacy BSR MAC CEs and the legacy BS table because the quantization granularity is not critical for the non-urgent data, because they will likely be transmitted in an opportunistic manner, as long as they remain non-urgent. Once the non-urgent data become urgent (i.e., the remaining time drops below the DSR reporting threshold), a more accurate BS report will be provided via another DSR MAC CE. 
If the new BS table starts from 0 Kbytes and has a linear quantization step size of 1024 bytes, it can cover up to a size of 260,095 bytes, which is sufficient. Table 1 below illustrates the values in such table using a single linear quantization step size of 1024 bytes. 
 Table 1. New Buffer Size Table with a single linear region
	Index
	BS value (bytes)
	Index
	BS value (bytes)
	Index
	BS value (bytes)
	Index
	BS value (bytes)

	0
	0
	64
	≤ 65535
	128
	≤ 131071
	192
	≤ 196607

	1
	≤ 1023
	65
	≤ 66559
	129
	≤ 132095
	193
	≤ 197631

	2
	≤ 2047
	66
	≤ 67583
	130
	≤ 133119
	194
	≤ 198655

	3
	≤ 3071
	67
	≤ 68607
	131
	≤ 134143
	195
	≤ 199679

	4
	≤ 4095
	68
	≤ 69631
	132
	≤ 135167
	196
	≤ 200703

	5
	≤ 5119
	69
	≤ 70655
	133
	≤ 136191
	197
	≤ 201727

	6
	≤ 6143
	70
	≤ 71679
	134
	≤ 137215
	198
	≤ 202751

	7
	≤ 7167
	71
	≤ 72703
	135
	≤ 138239
	199
	≤ 203775

	8
	≤ 8191
	72
	≤ 73727
	136
	≤ 139263
	200
	≤ 204799

	9
	≤ 9215
	73
	≤ 74751
	137
	≤ 140287
	201
	≤ 205823

	10
	≤ 10239
	74
	≤ 75775
	138
	≤ 141311
	202
	≤ 206847

	11
	≤ 11263
	75
	≤ 76799
	139
	≤ 142335
	203
	≤ 207871

	12
	≤ 12287
	76
	≤ 77823
	140
	≤ 143359
	204
	≤ 208895

	13
	≤ 13311
	77
	≤ 78847
	141
	≤ 144383
	205
	≤ 209919

	14
	≤ 14335
	78
	≤ 79871
	142
	≤ 145407
	206
	≤ 210943

	15
	≤ 15359
	79
	≤ 80895
	143
	≤ 146431
	207
	≤ 211967

	16
	≤ 16383
	80
	≤ 81919
	144
	≤ 147455
	208
	≤ 212991

	17
	≤ 17407
	81
	≤ 82943
	145
	≤ 148479
	209
	≤ 214015

	18
	≤ 18431
	82
	≤ 83967
	146
	≤ 149503
	210
	≤ 215039

	19
	≤ 19455
	83
	≤ 84991
	147
	≤ 150527
	211
	≤ 216063

	20
	≤ 20479
	84
	≤ 86015
	148
	≤ 151551
	212
	≤ 217087

	21
	≤ 21503
	85
	≤ 87039
	149
	≤ 152575
	213
	≤ 218111

	22
	≤ 22527
	86
	≤ 88063
	150
	≤ 153599
	214
	≤ 219135

	23
	≤ 23551
	87
	≤ 89087
	151
	≤ 154623
	215
	≤ 220159

	24
	≤ 24575
	88
	≤ 90111
	152
	≤ 155647
	216
	≤ 221183

	25
	≤ 25599
	89
	≤ 91135
	153
	≤ 156671
	217
	≤ 222207

	26
	≤ 26623
	90
	≤ 92159
	154
	≤ 157695
	218
	≤ 223231

	27
	≤ 27647
	91
	≤ 93183
	155
	≤ 158719
	219
	≤ 224255

	28
	≤ 28671
	92
	≤ 94207
	156
	≤ 159743
	220
	≤ 225279

	29
	≤ 29695
	93
	≤ 95231
	157
	≤ 160767
	221
	≤ 226303

	30
	≤ 30719
	94
	≤ 96255
	158
	≤ 161791
	222
	≤ 227327

	31
	≤ 31743
	95
	≤ 97279
	159
	≤ 162815
	223
	≤ 228351

	32
	≤ 32767
	96
	≤ 98303
	160
	≤ 163839
	224
	≤ 229375

	33
	≤ 33791
	97
	≤ 99327
	161
	≤ 164863
	225
	≤ 230399

	34
	≤ 34815
	98
	≤ 100351
	162
	≤ 165887
	226
	≤ 231423

	35
	≤ 35839
	99
	≤ 101375
	163
	≤ 166911
	227
	≤ 232447

	36
	≤ 36863
	100
	≤ 102399
	164
	≤ 167935
	228
	≤ 233471

	37
	≤ 37887
	101
	≤ 103423
	165
	≤ 168959
	229
	≤ 234495

	38
	≤ 38911
	102
	≤ 104447
	166
	≤ 169983
	230
	≤ 235519

	39
	≤ 39935
	103
	≤ 105471
	167
	≤ 171007
	231
	≤ 236543

	40
	≤ 40959
	104
	≤ 106495
	168
	≤ 172031
	232
	≤ 237567

	41
	≤ 41983
	105
	≤ 107519
	169
	≤ 173055
	233
	≤ 238591

	42
	≤ 43007
	106
	≤ 108543
	170
	≤ 174079
	234
	≤ 239615

	43
	≤ 44031
	107
	≤ 109567
	171
	≤ 175103
	235
	≤ 240639

	44
	≤ 45055
	108
	≤ 110591
	172
	≤ 176127
	236
	≤ 241663

	45
	≤ 46079
	109
	≤ 111615
	173
	≤ 177151
	237
	≤ 242687

	46
	≤ 47103
	110
	≤ 112639
	174
	≤ 178175
	238
	≤ 243711

	47
	≤ 48127
	111
	≤ 113663
	175
	≤ 179199
	239
	≤ 244735

	48
	≤ 49151
	112
	≤ 114687
	176
	≤ 180223
	240
	≤ 245759

	49
	≤ 50175
	113
	≤ 115711
	177
	≤ 181247
	241
	≤ 246783

	50
	≤ 51199
	114
	≤ 116735
	178
	≤ 182271
	242
	≤ 247807

	51
	≤ 52223
	115
	≤ 117759
	179
	≤ 183295
	243
	≤ 248831

	52
	≤ 53247
	116
	≤ 118783
	180
	≤ 184319
	244
	≤ 249855

	53
	≤ 54271
	117
	≤ 119807
	181
	≤ 185343
	245
	≤ 250879

	54
	≤ 55295
	118
	≤ 120831
	182
	≤ 186367
	246
	≤ 251903

	55
	≤ 56319
	119
	≤ 121855
	183
	≤ 187391
	247
	≤ 252927

	56
	≤ 57343
	120
	≤ 122879
	184
	≤ 188415
	248
	≤ 253951

	57
	≤ 58367
	121
	≤ 123903
	185
	≤ 189439
	249
	≤ 254975

	58
	≤ 59391
	122
	≤ 124927
	186
	≤ 190463
	250
	≤ 255999

	59
	≤ 60415
	123
	≤ 125951
	187
	≤ 191487
	251
	≤ 257023

	60
	≤ 61439
	124
	≤ 126975
	188
	≤ 192511
	252
	≤ 258047

	61
	≤ 62463
	125
	≤ 127999
	189
	≤ 193535
	253
	≤ 259071

	62
	≤ 63487
	126
	≤ 129023
	190
	≤ 194559
	254
	≤ 260095

	63
	≤ 64511
	127
	≤ 130047
	191
	≤ 195583
	255
	> 260095 



One advantage of choosing a quantization step size of a power of 2 is that the transmitter may determine the BS index for a given non-zero BS value by truncating certain number of LSBs of the BS value and adding 1 (due to index 0 being used for indicating zero BS level) to the remaining MSBs, which is much simpler for UE implementation than using a searching algorithm to search within a loop-up table or performing a logarithmic calculation, as in the case if the legacy or a new exponential BS table is used. We consider a quantization step size of 1024 bytes as acceptable, noting that in the legacy 8-bit Buffer Size table, the quantization step size around a buffer size of 200 Kbytes is about 12 Kbytes.
It has been proposed and suggested that a single 8-bit BS table with piecewise linearity may be beneficial to further reduce quantization error at the low end of the BS range, e.g., by using two different quantization step sizes to cover two linear regions. Table 2 below illustrates the values in such table where the quantization step size of 32 bytes is used, primarily for the pose traffic, to cover up to a BS level of 1023 bytes, which is sufficient for up to 10 pose packets being buffered at a time (100 bytes pose packet size, 10 msec PDB, and up to 1kHz packet rate). After 1023 bytes, the quantization step size of 1024 bytes is used, primarily for the video traffic. With two linear regions, the UE still can use truncating bits to derive the BS index from a given non-zero BS value, by truncating different numbers of LSBs and then adding different offset values to the remaining MSBs for different linear regions.
 Table 2. New Buffer Size Table with two linear regions
	Index
	BS value (bytes)
	Index
	BS value (bytes)
	Index
	BS value (bytes)
	Index
	BS value (bytes)

	0
	0
	64
	≤ 33791
	128
	≤ 99327
	192
	≤ 164863

	1
	≤ 31
	65
	≤ 34815
	129
	≤ 100351
	193
	≤ 165887

	2
	≤ 63
	66
	≤ 35839
	130
	≤ 101375
	194
	≤ 166911

	3
	≤ 95
	67
	≤ 36863
	131
	≤ 102399
	195
	≤ 167935

	4
	≤ 127
	68
	≤ 37887
	132
	≤ 103423
	196
	≤ 168959

	5
	≤ 159
	69
	≤ 38911
	133
	≤ 104447
	197
	≤ 169983

	6
	≤ 191
	70
	≤ 39935
	134
	≤ 105471
	198
	≤ 171007

	7
	≤ 223
	71
	≤ 40959
	135
	≤ 106495
	199
	≤ 172031

	8
	≤ 255
	72
	≤ 41983
	136
	≤ 107519
	200
	≤ 173055

	9
	≤ 287
	73
	≤ 43007
	137
	≤ 108543
	201
	≤ 174079

	10
	≤ 319
	74
	≤ 44031
	138
	≤ 109567
	202
	≤ 175103

	11
	≤ 351
	75
	≤ 45055
	139
	≤ 110591
	203
	≤ 176127

	12
	≤ 383
	76
	≤ 46079
	140
	≤ 111615
	204
	≤ 177151

	13
	≤ 415
	77
	≤ 47103
	141
	≤ 112639
	205
	≤ 178175

	14
	≤ 447
	78
	≤ 48127
	142
	≤ 113663
	206
	≤ 179199

	15
	≤ 479
	79
	≤ 49151
	143
	≤ 114687
	207
	≤ 180223

	16
	≤ 511
	80
	≤ 50175
	144
	≤ 115711
	208
	≤ 181247

	17
	≤ 543
	81
	≤ 51199
	145
	≤ 116735
	209
	≤ 182271

	18
	≤ 575
	82
	≤ 52223
	146
	≤ 117759
	210
	≤ 183295

	19
	≤ 607
	83
	≤ 53247
	147
	≤ 118783
	211
	≤ 184319

	20
	≤ 639
	84
	≤ 54271
	148
	≤ 119807
	212
	≤ 185343

	21
	≤ 671
	85
	≤ 55295
	149
	≤ 120831
	213
	≤ 186367

	22
	≤ 703
	86
	≤ 56319
	150
	≤ 121855
	214
	≤ 187391

	23
	≤ 735
	87
	≤ 57343
	151
	≤ 122879
	215
	≤ 188415

	24
	≤ 767
	88
	≤ 58367
	152
	≤ 123903
	216
	≤ 189439

	25
	≤ 799
	89
	≤ 59391
	153
	≤ 124927
	217
	≤ 190463

	26
	≤ 831
	90
	≤ 60415
	154
	≤ 125951
	218
	≤ 191487

	27
	≤ 863
	91
	≤ 61439
	155
	≤ 126975
	219
	≤ 192511

	28
	≤ 895
	92
	≤ 62463
	156
	≤ 127999
	220
	≤ 193535

	29
	≤ 927
	93
	≤ 63487
	157
	≤ 129023
	221
	≤ 194559

	30
	≤ 959
	94
	≤ 64511
	158
	≤ 130047
	222
	≤ 195583

	31
	≤ 991
	95
	≤ 65535
	159
	≤ 131071
	223
	≤ 196607

	32
	≤ 1023
	96
	≤ 66559
	160
	≤ 132095
	224
	≤ 197631

	33
	≤ 2047
	97
	≤ 67583
	161
	≤ 133119
	225
	≤ 198655

	34
	≤ 3071
	98
	≤ 68607
	162
	≤ 134143
	226
	≤ 199679

	35
	≤ 4095
	99
	≤ 69631
	163
	≤ 135167
	227
	≤ 200703

	36
	≤ 5119
	100
	≤ 70655
	164
	≤ 136191
	228
	≤ 201727

	37
	≤ 6143
	101
	≤ 71679
	165
	≤ 137215
	229
	≤ 202751

	38
	≤ 7167
	102
	≤ 72703
	166
	≤ 138239
	230
	≤ 203775

	39
	≤ 8191
	103
	≤ 73727
	167
	≤ 139263
	231
	≤ 204799

	40
	≤ 9215
	104
	≤ 74751
	168
	≤ 140287
	232
	≤ 205823

	41
	≤ 10239
	105
	≤ 75775
	169
	≤ 141311
	233
	≤ 206847

	42
	≤ 11263
	106
	≤ 76799
	170
	≤ 142335
	234
	≤ 207871

	43
	≤ 12287
	107
	≤ 77823
	171
	≤ 143359
	235
	≤ 208895

	44
	≤ 13311
	108
	≤ 78847
	172
	≤ 144383
	236
	≤ 209919

	45
	≤ 14335
	109
	≤ 79871
	173
	≤ 145407
	237
	≤ 210943

	46
	≤ 15359
	110
	≤ 80895
	174
	≤ 146431
	238
	≤ 211967

	47
	≤ 16383
	111
	≤ 81919
	175
	≤ 147455
	239
	≤ 212991

	48
	≤ 17407
	112
	≤ 82943
	176
	≤ 148479
	240
	≤ 214015

	49
	≤ 18431
	113
	≤ 83967
	177
	≤ 149503
	241
	≤ 215039

	50
	≤ 19455
	114
	≤ 84991
	178
	≤ 150527
	242
	≤ 216063

	51
	≤ 20479
	115
	≤ 86015
	179
	≤ 151551
	243
	≤ 217087

	52
	≤ 21503
	116
	≤ 87039
	180
	≤ 152575
	244
	≤ 218111

	53
	≤ 22527
	117
	≤ 88063
	181
	≤ 153599
	245
	≤ 219135

	54
	≤ 23551
	118
	≤ 89087
	182
	≤ 154623
	246
	≤ 220159

	55
	≤ 24575
	119
	≤ 90111
	183
	≤ 155647
	247
	≤ 221183

	56
	≤ 25599
	120
	≤ 91135
	184
	≤ 156671
	248
	≤ 222207

	57
	≤ 26623
	121
	≤ 92159
	185
	≤ 157695
	249
	≤ 223231

	58
	≤ 27647
	122
	≤ 93183
	186
	≤ 158719
	250
	≤ 224255

	59
	≤ 28671
	123
	≤ 94207
	187
	≤ 159743
	251
	≤ 225279

	60
	≤ 29695
	124
	≤ 95231
	188
	≤ 160767
	252
	≤ 226303

	61
	≤ 30719
	125
	≤ 96255
	189
	≤ 161791
	253
	≤ 227327

	62
	≤ 31743
	126
	≤ 97279
	190
	≤ 162815
	254
	≤ 228351

	63
	≤ 32767
	127
	≤ 98303
	191
	≤ 163839
	255
	> 228351



In our view, the UE and the gNB should always use the new BS table for the urgent data volume, with which the remaining time associated has dropped below a threshold, because the finer granularity is more critical when the remaining time is limited. Because the urgent data volume can only be reported using the new DSR MAC CE, the UE and the gNB should always use the new BS table for the BS field(s) in the DSR MAC CE. Meanwhile, the non-urgent data volume buffered for the same XR LCG can be reported using one of the legacy BSR MAC CEs, of which the BS field(s) will continue to use the legacy BS table, even if a BS field in it is for the XR LCG, because the coarse quantization is not so critical for the non-urgent data of the XR LCG as long as their remaining time has dropped below the threshold. Therefore, the UE determines which BS table to use based on the urgency of the data being reported. And there is no need for the UE to identify the BS table to the gNB, other than the LCID identifying the MAC CE used for the report, i.e., whether a legacy LCID defined for a legacy BSR MAC CE or a new LCID to be defined for the new DSR MAC CE.
Other proposed BS table ranges
In [5], the upper bound of the BS table, Bmax, is derived as 150Mbps/8/24 = 781,250 B. We noticed that 150Mbps is the video data rate for 8k video on the DL, where retina resolution is desirable. However, BSR or DSR are for reporting UL data. Most commonly used UL video stream in AR devices today use 720p or 1080p resolution, because UL video in AR is mostly used for object recognition, where retina resolution is not required. This has been consistent with the 10Mbps (baseline) and 20Mbps (optional) data rates assumed for XR UL video stream in Rel-17 SI TR [4]. Therefore, we think the Bmax in [5] has been over-estimated for UL.
In [6], it was suggested that the maximum Buffer Size value be 16,777,216 bytes, because the SA4 LS [7] indicates that the maximum PDU Set size is encoded using a 24-bit value. First, the encoding of PDU Set Size specified by SA4 is for DL XR video, which tends to have a video frame size of one magnitude larger than that of the UL (AR) video. Secondly, in transport network protocols, fields tend to be defined to be octet-aligned. It is obvious that 16 bits or 2 octets (indicating up to 65535 bytes) are insufficient for DL video frame size, hence it is understandable that SA4 has chosen 24 bits or 3 octets to be the length of the PDU Set Size field, but it doesn’t necessarily mean that all possible values that can be expressed by 24 bits will be encountered in practice for DL video frame sizes, let alone for UL video frame sizes. Therefore, we think that the upper bound of the BS value in [6] was determined for an improper reason. 
Proposed way forward
There are proposals suggesting that RAN2 reverse an existing agreement on defining the new BS table as a linear table, and instead, define it as an exponential table. However, the benefit of using exponential BS table may have been artificially amplified when an unreasonably large upper bound is chosen in the evaluation. The question remains whether the gain brought by using exponential BS table is significant when the upper bound of the BS values is not as high as being assumed and whether that justifies the use of a more complex scheme. In our view, a linear table as described in Table 1 or Table 2 above is simple and good enough.
Proposal 1. RAN2 discuss and consider adopting one of Table 1 and Table 2 above for XR.
Proposal 2. The new BS table is always used for the BS field(s) in the new DSR MAC CE. The BS field(s) in the legacy BSR MAC CEs continue to use the legacy BS table, no matter the legacy BSR MAC CE includes a BS field (for reporting the non-urgent data) for an XR LCG or not.
Proposal 3. The UE determines which BS table to use based on the urgency (urgent vs. non-urgent) of the data being reported. 
Proposal 4. There is no need for the UE to identify the BS table to the gNB, other than the LCID identifying the MAC CE used for the report, i.e., whether a legacy LCID defined for a legacy BSR MAC CE or a new LCID to be defined for the new DSR MAC CE.
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 discuss and consider adopting one of Table 1 and Table 2 above for XR.
Proposal 2. The new BS table is always used for the BS field(s) in the new DSR MAC CE. The BS field(s) in the legacy BSR MAC CEs continue to use the legacy BS table, no matter the legacy BSR MAC CE includes a BS field (for reporting the non-urgent data) for an XR LCG or not.
Proposal 3. The UE determines which BS table to use based on the urgency (urgent vs. non-urgent) of the data being reported. 
Proposal 4. There is no need for the UE to identify the BS table to the gNB, other than the LCID identifying the MAC CE used for the report, i.e., whether a legacy LCID defined for a legacy BSR MAC CE or a new LCID to be defined for the new DSR MAC CE.
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