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Introduction
Drying the RAN2#120 meeting [1], the following agreements have been made on BSR enhancements for XR traffic:
	RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 
RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.


Furthermore, during the following RAN2#121 meeting [2], agreements were made on whether semi-static or ficxed BSR tables should be pursued, as follows:  
	New BSR tables are fixed (=specified) or semi-static (RRC-based).
FFS how many BSR tables are defined.



In this contribution, we present our views on the semi-static BSR table generation and enhancements for XR traffic. 
Discussion on existing BSR tables
Buffer status report (BSR) is vital for dynamic uplink scheduling. With BSR reports, UEs signal serving cells with an indication of the currently buffered uplink traffic size. Per [1], there are two BSR tables defined as short and long BSR reports. A short BSR report is 5 bit long while the long BSR is 8 bit long. As shown by the below Table 6.1.3.1-2 of the long BSR report, each BSR index is associated wit a predefined uplink traffic size interval in the uplink buffers. The larger the BSR index, the larger the range of the buffered traffic size. 
In the current specifications, the BSR quantization follows an exponential function as follows:
Bk = Bmin (1+p) k, with p = (Bmax / Bmin)1 / (N-1) – 1
where  Bmin  and  Bmax  are the minimum and maximum possible buffer size which a UE can report. As can be observed, the quantization precision reduces for the larger buffer size intervals. Accordingly, the network will not be exactly aware of how much traffic is being buffered at the reporting device with a considerable standard deviation over the larger buffered traffic sizes. Accordingly, this leads the network to either schedule and allocate too much or too little uplink resource for the actual buffered uplink traffic size. Therefore, this results in extended buffering delays for potential latency critical XR traffic or a degraded spectral efficiency due to the resource over scheduling.  
 Existing BSR tables and reporting criteria were not problematic for eMBB and URLLC traffic since, 
· For eMBB traffic: traffic size is large; however, there is not a tight latency budget as XR traffic, accordingly, it is reasonable for the network to schedule uplink resource as of multiple times corresponding to several BSR transmissions. 
· For URLLC traffic: traffic size is typically very small which falls in the high BSR precision quantization area, and hence, the existing BSR tables are suitable for offering a good reporting accuracy of URLLC payload.  
Although, for the large XR traffic size, there is a tight latency budget, i.e., packet delay budget (PDB) associated with the XR payload. Accordingly, current BSR tables and reporting procedures need to be further optimized to offer a further faster and more fine grained quantization precision. 
Observation 1: Current BSR tables and reporting criteria are suitable for conventional eMBB services since those are not tied with a limited radio latency budget. Thus, the larger quantization errors of the larger buffer range are reduced in time by the multiple gNB scheduling instants. 
Observation 2: Current BSR tables and reporting criteria should be further optimized to match the XR-specific traffic profile characteristics and latency targets. Thus, a more precise BSR quantization and reporting procedures are needed. 
Proposal 1: RAN2 to specify new BSR formulation, reporting and triggering procedures that fit the XR traffic characteristics. 

Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field
	Index
	BS value
	Index
	BS value
	Index
	BS value
	Index
	BS value

	0
	0
	64
	≤ 560
	128
	≤ 31342
	192
	≤ 1754595

	1
	≤ 10
	65
	≤ 597
	129
	≤ 33376
	193
	≤ 1868488

	2
	≤ 11
	66
	≤ 635
	130
	≤ 35543
	194
	≤ 1989774

	3
	≤ 12
	67
	≤ 677
	131
	≤ 37850
	195
	≤ 2118933

	4
	≤ 13
	68
	≤ 720
	132
	≤ 40307
	196
	≤ 2256475

	5
	≤ 14
	69
	≤ 767
	133
	≤ 42923
	197
	≤ 2402946

	6
	≤ 15
	70
	≤ 817
	134
	≤ 45709
	198
	≤ 2558924

	7
	≤ 16
	71
	≤ 870
	135
	≤ 48676
	199
	≤ 2725027

	8
	≤ 17
	72
	≤ 926
	136
	≤ 51836
	200
	≤ 2901912

	9
	≤ 18
	73
	≤ 987
	137
	≤ 55200
	201
	≤ 3090279

	10
	≤ 19
	74
	≤ 1051
	138
	≤ 58784
	202
	≤ 3290873

	11
	≤ 20
	75
	≤ 1119
	139
	≤ 62599
	203
	≤ 3504487

	12
	≤ 22
	76
	≤ 1191
	140
	≤ 66663
	204
	≤ 3731968

	13
	≤ 23
	77
	≤ 1269
	141
	≤ 70990
	205
	≤ 3974215

	14
	≤ 25
	78
	≤ 1351
	142
	≤ 75598
	206
	≤ 4232186

	15
	≤ 26
	79
	≤ 1439
	143
	≤ 80505
	207
	≤ 4506902

	16
	≤ 28
	80
	≤ 1532
	144
	≤ 85730
	208
	≤ 4799451

	17
	≤ 30
	81
	≤ 1631
	145
	≤ 91295
	209
	≤ 5110989

	18
	≤ 32
	82
	≤ 1737
	146
	≤ 97221
	210
	≤ 5442750

	19
	≤ 34
	83
	≤ 1850
	147
	≤ 103532
	211
	≤ 5796046

	20
	≤ 36
	84
	≤ 1970
	148
	≤ 110252
	212
	≤ 6172275

	21
	≤ 38
	85
	≤ 2098
	149
	≤ 117409
	213
	≤ 6572925

	22
	≤ 40
	86
	≤ 2234
	150
	≤ 125030
	214
	≤ 6999582

	23
	≤ 43
	87
	≤ 2379
	151
	≤ 133146
	215
	≤ 7453933

	24
	≤ 46
	88
	≤ 2533
	152
	≤ 141789
	216
	≤ 7937777

	25
	≤ 49
	89
	≤ 2698
	153
	≤ 150992
	217
	≤ 8453028

	26
	≤ 52
	90
	≤ 2873
	154
	≤ 160793
	218
	≤ 9001725

	27
	≤ 55
	91
	≤ 3059
	155
	≤ 171231
	219
	≤ 9586039

	28
	≤ 59
	92
	≤ 3258
	156
	≤ 182345
	220
	≤ 10208280

	29
	≤ 62
	93
	≤ 3469
	157
	≤ 194182
	221
	≤ 10870913

	30
	≤ 66
	94
	≤ 3694
	158
	≤ 206786
	222
	≤ 11576557

	31
	≤ 71
	95
	≤ 3934
	159
	≤ 220209
	223
	≤ 12328006

	32
	≤ 75
	96
	≤ 4189
	160
	≤ 234503
	224
	≤ 13128233

	33
	≤ 80
	97
	≤ 4461
	161
	≤ 249725
	225
	≤ 13980403

	34
	≤ 85
	98
	≤ 4751
	162
	≤ 265935
	226
	≤ 14887889

	35
	≤ 91
	99
	≤ 5059
	163
	≤ 283197
	227
	≤ 15854280

	36
	≤ 97
	100
	≤ 5387
	164
	≤ 301579
	228
	≤ 16883401

	37
	≤ 103
	101
	≤ 5737
	165
	≤ 321155
	229
	≤ 17979324

	38
	≤ 110
	102
	≤ 6109
	166
	≤ 342002
	230
	≤ 19146385

	39
	≤ 117
	103
	≤ 6506
	167
	≤ 364202
	231
	≤ 20389201

	40
	≤ 124
	104
	≤ 6928
	168
	≤ 387842
	232
	≤ 21712690

	41
	≤ 132
	105
	≤ 7378
	169
	≤ 413018
	233
	≤ 23122088

	42
	≤ 141
	106
	≤ 7857
	170
	≤ 439827
	234
	≤ 24622972

	43
	≤ 150
	107
	≤ 8367
	171
	≤ 468377
	235
	≤ 26221280

	44
	≤ 160
	108
	≤ 8910
	172
	≤ 498780
	236
	≤ 27923336

	45
	≤ 170
	109
	≤ 9488
	173
	≤ 531156
	237
	≤ 29735875

	46
	≤ 181
	110
	≤ 10104
	174
	≤ 565634
	238
	≤ 31666069

	47
	≤ 193
	111
	≤ 10760
	175
	≤ 602350
	239
	≤ 33721553

	48
	≤ 205
	112
	≤ 11458
	176
	≤ 641449
	240
	≤ 35910462

	49
	≤ 218
	113
	≤ 12202
	177
	≤ 683087
	241
	≤ 38241455

	50
	≤ 233
	114
	≤ 12994
	178
	≤ 727427
	242
	≤ 40723756

	51
	≤ 248
	115
	≤ 13838
	179
	≤ 774645
	243
	≤ 43367187

	52
	≤ 264
	116
	≤ 14736
	180
	≤ 824928
	244
	≤ 46182206

	53
	≤ 281
	117
	≤ 15692
	181
	≤ 878475
	245
	≤ 49179951

	54
	≤ 299
	118
	≤ 16711
	182
	≤ 935498
	246
	≤ 52372284

	55
	≤ 318
	119
	≤ 17795
	183
	≤ 996222
	247
	≤ 55771835

	56
	≤ 339
	120
	≤ 18951
	184
	≤ 1060888
	248
	≤ 59392055

	57
	≤ 361
	121
	≤ 20181
	185
	≤ 1129752
	249
	≤ 63247269

	58
	≤ 384
	122
	≤ 21491
	186
	≤ 1203085
	250
	≤ 67352729

	59
	≤ 409
	123
	≤ 22885
	187
	≤ 1281179
	251
	≤ 71724679

	60
	≤ 436
	124
	≤ 24371
	188
	≤ 1364342
	252
	≤ 76380419

	61
	≤ 464
	125
	≤ 25953
	189
	≤ 1452903
	253
	≤ 81338368

	62
	≤ 494
	126
	≤ 27638
	190
	≤ 1547213
	254
	> 81338368

	63
	≤ 526
	127
	≤ 29431
	191
	≤ 1647644
	255
	Reserved




Fixed versus semi-static BSR tables
On the new BSR formulation and reporting procedures, two technical views are supported by companies, as follows.
1. Define and specify one or more new BSR tables for XR applications: this is the straightforward option, with the least standardization effort. New BSR tables are predefined to cover the XR traffic volumes of various XR applications. The new BSR tables shall still adopt predefined BSR quantization precisions over the various buffered traffic volumes, similar to existing 5-bit and 8-bit BSR tables, respectively. 

2. Define and specify dynamic or semi-static BSR parameters for BSR table construction and feedback: The key advantage of this option is the ability to place the BSR reporting precision within the range of the buffered traffic volume that is expected from the XR application itself. Thus, with the same average BSR reporting overhead (e.g., 5 or 8 bits), the BSR reporting precision is enhanced, matching the traffic profile of each XR application. However, this option requires further specification efforts for determining and specifying the dynamic/semi-static BSR parametrization and corresponding signaling updates.
The key problem of adding a new BSR table is the fact that the XR traffic, in terms of the traffic volume, frame rate, and encoding, can be all time variant, while the generated BSR table may not be suitable anymore. For instance, in case of congestion, the XR source may dynamically the frame rate and encoding of XR traffic, and so, the previously fine tuned BSR table may no longer be suitable for the new XR traffic characteristics.   
Observation 3: Adding a new BSR table, for XR traffic, is limited to pre-known XR traffic characteristics, which limits the forward compatibility. Further, with the highly dynamic XR traffic characteristics, a fixed BSR table is suboptimal. 
Therefore, we support option 2 for dynamic/semi-static BSR parametrization and BSR reporting, respectively. Clearly with option 2, the forward as well as backward use-case compatibility are both maintained. That is, for future use cases of different traffic profiles and scheduling requirements, new BSR tables may not be needed since the dynamic/semi-static BSR parametrization and dynamic table construction can be sufficient with little standardization efforts of the parameter value updates. Thus, with option 2, the BSR quantization precision can be dynamically/semi-statically matched to the most likely traffic volume range of each XR application, offering application-driven BSR reporting precision. 
Proposal 2: RAN2 to support dynamic/semi-static BSR parametrization for flexible BSR table formulation and reporting at each XR device, where the semi-statically constructed BSR tables have various BSR reporting precisions which match the XR application traffic volume.   

BSR Table enhancements
Semi-statically constructed BSR tables for XR traffic
As adopting a fixed and precise BSR quantization step seems to be a simple solution, with a minimal standardization effort, for enhancing the BSR quantization precision, it may significantly increase the BSR reporting overhead, especially for UEs that may not require such high BSR precision over the entire range of buffered traffic volume, e.g., URLLC UEs over high traffic volumes or eMBB UEs over low traffic volumes. 
Observation 4: For XR uplink video uploading, the expected traffic size is large and thus, the higher BSR indices are to be used for most of the time. With lower BSR granularity over the higher traffic size ranges, the gNB needs several BSR reports to fully schedule existing uplink traffic in the buffer, extending the exhibited traffic buffering latency. This problem is likely not applicable for XR uplink traffic of pose and/or control updates. 
Therefore, we propose a new BSR table format, which can be dynamically or semi-statically constructed at UEs based on a configured set of quantization steps versus the various BSR traffic size intervals. As depicted in Fig. 1, the entire buffered traffic volume of the BSR table is divided into traffic sub-ranges. For each traffic sub-range, a certain BSR step size is adopted. Therefore, the network can dynamically place a higher precision (i.e., a smaller BSR step size) only over the most likely experienced buffering traffic volume of each XR use-case, while adopting a looser BSR precision (i.e., with a larger BSR step size) over the other buffering traffic ranges. This avoids specifying hard-coded and use-case-specific BSR tables of predetermined BSR precision. With the proposed dynamic BSR table formatting, the reporting overhead can still be fixed, similar to existing 5 and 8 bit BSR tables. This is achievable by placing more BSR feedback levels (and therefore overhead) only over the traffic volume of interest, while compensating the added overhead by relaxing the BSR precision over the other buffered traffic ranges, leading to always fixed BSR reporting overhead.
Proposal 3: The BSR step size of the semi-static BSR table is specific to each defined range of the buffered traffic volume. The traffic-volume-specific BSR step can be quantized linearly or non-linearly, based on network implementation. 
The expected buffering traffic volume information, with which the traffic sub-ranges are determined, can be known at the network as:
· Explicit assistance signalling from UEs: devices signal the serving RAN nodes with an indication of the expected buffering traffic volume. 
· Implicitly based on latest BSR reports from devices: network dynamically changes the BSR parametrization, and therefore, constructed BSR table, based on the latest received BSR reports from devices. Thus, the network may select a BSR parameters group that offers the best BSR reporting precision over the buffering traffic range which the latest BSR reports from the device have indicated. 

[image: ]
Figure 1: Dynamic BSR table constriction and precision.
Observation 5: Expected buffering traffic volume information is essential at the network side for dynamic BSR precision adaptation. The network can be aware of this information whether by explicit device assistance signalling or from previous BSR reports during the active session. 
Proposal 4: RAN2 to support new signalling procedures for carrying expected buffering traffic volume information from devices to the network, as part of existing UAI.
As shown by Fig. 2, several BSR aggregate traffic size ranges are defined, where for each, a specifically configured quantization step size is used. This gives the network the control over which buffered traffic size range to assign a higher BSR quantization precision and which to relax the BSR quantization step. Based on the configured step size group and respective traffic size range set, UEs dynamically construct the corresponding BSR table and hence, similarly to conventional BSR reporting, UEs report the BSR index which corresponds to the actual traffic size interval. 
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Figure 2: Dynamic BSR table format.
In principle, the proposed BSR table format can be suitable for various types of traffic profiles. The network can still trade-off the BSR reporting overhead versus the desired BSR reporting precision. For example, for critical XR traffic, the network configures XR devices with a BSR step group that dictates a precise and fine-grained quantization step over the larger buffered traffic size ranges while adopting a relaxed, i.e., larger, step size for the lower traffic sizes. Hence, the BSR overhead can dynamically controlled while still offering precise BSR reporting over the traffic size that is most likely to be always experienced. 
Proposal 5: RAN2 to support the Network configuring devices with a BSR step size group, which indicates multiple BSR quantization steps, each corresponding to a certain buffered traffic size range. UEs accordingly semi-statically construct the respective BSR tables.  
Proposal 6: The reporting overhead of the constructed semi-static BSR table can be fixated to existing 5 and 8 overhead bits; however, the distribution of the reporting overhead bits is relative to each XR device, and corresponding traffic-volume-specific BSR step sizes. 
Conclusions
This contribution has presented Dell’s views on enhancing the existing BSR reporting procedures, for XR capacity enhancements. The following observations and proposals are made:
Observation 1: Current BSR tables and reporting criteria are suitable for conventional eMBB services since those are not tied with a limited radio latency budget. Thus, the larger quantization errors of the larger buffer range are reduced in time by the multiple gNB scheduling instants. 
Observation 2: Current BSR tables and reporting criteria should be further optimized to match the XR-specific traffic profile characteristics and latency targets. Thus, a more precise BSR quantization and reporting procedures are needed. 
Proposal 1: RAN2 to specify new BSR formulation, reporting and triggering procedures that fit the XR traffic characteristics. 
Observation 3: Adding a new BSR table, for XR traffic, is limited to pre-known XR traffic characteristics, which limits the forward compatibility. Further, with the highly dynamic XR traffic characteristics, a fixed BSR table is suboptimal. 
Proposal 2: RAN2 to support dynamic/semi-static BSR parametrization for flexible BSR table formulation and reporting at each XR device, where the semi-statically constructed BSR tables have various BSR reporting precisions which match the XR application traffic volume.   
Observation 4: For XR uplink video uploading, the expected traffic size is large and thus, the higher BSR indices are to be used for most of the time. With lower BSR granularity over the higher traffic size ranges, the gNB needs several BSR reports to fully schedule existing uplink traffic in the buffer, extending the exhibited traffic buffering latency. This problem is likely not applicable for XR uplink traffic of pose and/or control updates. 
Proposal 3: The BSR step size of the semi-static BSR table is specific to each defined range of the buffered traffic volume. The traffic-volume-specific BSR step can be quantized linearly or non-linearly, based on network implementation. 
Observation 5: Expected buffering traffic volume information is essential at the network side for dynamic BSR precision adaptation. The network can be aware of this information whether by explicit device assistance signalling or from previous BSR reports during the active session. 
Proposal 4: RAN2 to support new signalling procedures for carrying expected buffering traffic volume information from devices to the network, as part of existing UAI.
Proposal 5: RAN2 to support the Network configuring devices with a BSR step size group, which indicates multiple BSR quantization steps, each corresponding to/associated with a certain buffered traffic size range. UEs accordingly semi-statically construct the respective BSR tables.  
Proposal 6: The reporting overhead of the constructed semi-static BSR table can be fixated to existing 5 or 8 overhead bits; however, the distribution of the reporting overhead bits is relative to each XR device, and corresponding traffic-volume-specific BSR step sizes. 
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