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1   Introduction
In NR, BSR formats are designed quite different from LTE. However, the judging condition for choosing long BSR or short BSR to report in LTE is reused, which may cause problems in NR scheduling. In this contribution, we will further discuss the potential problem with the BSR procedure in the current TS 38.321.
2   Discussion
In the current TS38.321, it is specified:

	For Regular and Periodic BSR, the MAC entity shall:
1>
if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
2>
report Long BSR for all LCGs which have data available for transmission.

1>
else:

2>
report Short BSR.
For Padding BSR:

1>
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 priority, 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.


As copied from LTE, it is specified in NR that if there is only one LCG with data available for transmission, Short BSR format which has only 5-bit BS value shall be used. In LTE, the BS field size is 6 bits which is common for both short BSR format and long BSR format. However, in NR, there are mainly two changes: 

1) Short BSR has 5 bits BS field size and Long BSR has 8 bits BS field size.

2) Long BSR has variable sizes which can be used to report buffer sizes ranging from one to eight LCGs.

Observation 1: In LTE, both short BSR and long BSR use 6-bit BS value; while in NR, short BSR uses 5-bit BS value and long BSR uses 8-bit BS value.
Observation 2: In NR, the UE can only report short BSR (i.e. 5-bit BS) if there is only one LCG with data for transmission.
The one-byte short BSR is used in NR considering that there could be limitation on the size of the UL grant for Msg3. However, in clearly majority cases, the UL grants can accommodate the long BSR. In such cases, it is not appropriate to always report short BSR which has only 5-bit BS when one LCG has data available for transmission. In below, we will give detailed analysis.
· First, for UEs with eMBB services only, it is possible that the network will not differentiate QoS for the eMBB services and may only configure one LCG for such UEs. In this case, according to the existing manner, the UE can only report short BSR (i.e. with 5-bit BS) even if there can be a large amount data volume for eMBB.
· Secondly, even if multiple LCGs are configured to the UE, e.g. one LCG for eMBB services and another for a delay-critical service, it is still very likely that only one LCG (e.g. eMBB) has data for transmission, but the amount of data is large, e.g. when the UE is transmitting video data. In this case, according to the current manner, the UE can only report short BSR (i.e. with 5-bit BS).
In above cases, limiting the UE to report short BSR using the 5 bits BS may not be enough to provide precise scheduling information, as there are only 32 levels (as shown below) with the maximum value 150000 Bytes. Compared to short BSR, long BSR has 255 BS levels which can provide much finer information to facilitate the scheduling in gNB.
Table 6.1.3.1-1 in TS 38.321: Buffer size levels (in bytes) for 5-bit Buffer Size field

	Index
	BS value
	Index
	BS value
	Index
	BS value
	Index
	BS value

	0
	0
	8
	≤ 102
	16
	≤ 1446
	24
	≤ 20516

	1
	≤ 10
	9
	≤ 142
	17
	≤ 2014
	25
	≤ 28581

	2
	≤ 14
	10
	≤ 198
	18
	≤ 2806
	26
	≤ 39818

	3
	≤ 20
	11
	≤ 276
	19
	≤ 3909
	27
	≤ 55474

	4
	≤ 28
	12
	≤ 384
	20
	≤ 5446
	28
	≤ 77284

	5
	≤ 38
	13
	≤ 535
	21
	≤ 7587
	29
	≤ 107669

	6
	≤ 53
	14
	≤ 745
	22
	≤ 10570
	30
	≤ 150000

	7
	≤ 74
	15
	≤ 1038
	23
	≤ 14726
	31
	> 150000


Table 6.1.3.1-2 in TS 38.321: 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


At the same time, RAN1 has defined much finer TBS values compared to the BS values for the 5 bit short BSR. However, without a finer BS value provided in BSR, finer TBS values would become useless as the network does not know exactly how much data the UE has for transmission.

Let us take the normal TCP packet size (i.e. 1500 bytes) as an example. In the cases of 1, 2, 3 and 4 TCP packets pending for transmission in the buffer, the data volume values are about 1504, 3008, 4512 and 6016 bytes respectively by taking account PDCP/RLC headers. According to the current manner, the UE shall report short BSR which indicates the BS ≤ 2014, ≤ 3909, ≤ 5446 and ≤ 7587 respectively as in Table 6.1.3.1-1 in TS 38.321. However, if long BSR can be used, the BSR can indicate BS ≤ 1532, ≤ 3059, ≤ 4751 and ≤ 6109 respectively, as in Table 6.1.3.1-2 in TS 38.321. If the gNB schedules the UL grant always based on the upper bound of the BS, the number of padding bytes and the approximate ratio of the padding in the UL resources can be illustrated in Figure 1.
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Figure 1 Padding in UL with short BSR vs. long BSR
Observation 3: Reporting Short BSR is unable to provide precise scheduling information, although DCI can provide finer TBS value for scheduling.
Observation 4: Using short BSR (5-bit BS value) will cause a significant amount of padding in UL compared to using long BSR format.

It is worth noting that, according to the current procedure, for padding BSR, it is already possible for Long BSR to be used when a single LCG has data available and if the padding bit can accommodate a long BSR plus its subheader. 
For the regular and periodic BSR cases, taking the above observation into account, it is beneficial and should be straightforward to also support reporting Long BSR when only a single LCG has data available and if the grant size can accommodate a long BSR plus its subheader. Otherwise, the UE can report short BSR, which is beneficial for the UL grant with limited size, e.g. for Msg3.
Proposal 1: For regular/periodic BSR, if there is only one LCG having data available, the UE shall report long BSR if the UL grant can accommodate the long BSR plus its subheader; otherwise, the UE reports short BSR.
3   Conclusion
In this contribution, we discuss BSR reporting and have the following observation and proposals:
Observation 1: In LTE, both short BSR and long BSR use 6-bit BS value; while in NR, short BSR uses 5-bit BS value and long BSR uses 8-bit BS value.
Observation 2: In NR, the UE can only report short BSR (i.e. 5-bit BS) if there is only one LCG with data for transmission.
Observation 3: Reporting Short BSR is unable to provide precise scheduling information, although DCI can provide finer TBS value for scheduling.
Observation 4: Using short BSR (5-bit BS value) will cause a significant amount of padding in UL compared to using long BSR format.

Proposal 1: For regular/periodic BSR, if there is only one LCG having data available, the UE shall report long BSR if the UL grant can accommodate the long BSR plus its subheader; otherwise, the UE reports short BSR.
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5   Proposed changes
<TS 38.321 v15.1.0>

For Regular and Periodic BSR, the MAC entity shall:
1>
if only one LCG has data available for transmission and the grant size cannot accommodate the Long BSR plus its subheader when the MAC PDU containing the BSR is to be built:
2>
report Short BSR.

1>
else:

2>
report Long BSR for all LCGs which have data available for transmission.
