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1 Background and Issues
According to TS 38.321, currently there are two BSR formats specified which can be used to report BSR with one single LCG (Logical Channel Group), i.e. long BSR format and short BSR format. The long BSR format uses 8-bit buffer size (BS) value (i.e. 256 BS levels), while the short BSR format uses 5-bit BS value (i.e. 32 BS levels). The BS tables can refer to the Annex or “6.1.3.1 Buffer Status Report MAC CEs” in TS 38.321. 
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Fig.1 Long BSR format with one single LCG
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Fig.2 Short BSR format

However, in current TS 38.321, if the UE has only one LCG with data available for transmission, the UE shall only report short BSR format (i.e. with 5-bit BS).
	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.


It is worth noting that it is a common case that the UE has only one LCG with data available, because:
1) For UEs with eMBB services only, it is a common case that the network will not differentiate QoS for the eMBB services and may only configure one LCG. Note that in current LTE networks, a common configuration is that the UE is only configured with a default bearer (i.e. only 1 LCH/LCG), if the UE is not in a call using VoLTE.
2) Even if multiple LCGs are configured to the UE, e.g. one LCG for eMBB services and another for URLLC, it is still very likely that only one LCG (e.g. eMBB) has data for transmission at a specific time, because the non-eMBB service can be sporadic.

In all the above cases, according to current mechanism in MAC, the UE can only report short BSR format (i.e. with 5-bit BS value) regardless of how much data pending for transmission. It means that, even if there could be a large amount of data available for transmission, e.g. when the UE is sending video, the UE can only use 5-bit BS value. As 5-bit BS is with only 32 BS levels (see table in “Annex: R2-1807443 Discussion”), the coarse granularity makes the network unable to have sufficient information for scheduling. As a consequence, the scheduled grant could be much larger than what the UE needs and there could be a large amount of padding in UL, as observed in the analysis below.
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Another problem is that the maximum value in the BS table used for the short BSR is only 150000 bytes, which is the value introduced in Rel-8 LTE. However, as Carrier Aggregation introduced in Rel-10 LTE, the maximum value has been extended to 3000000 bytes, which is 20 times larger than 150000 bytes. In NR, the maximum value has agreed to be further extended to 81338368 bytes which is more than 500 times larger than 150000 bytes, considering the higher throughput in NR from the UE point of view. But this value is only being used for BS table for long BSR. Always using the short BSR format defeats the purpose of all these efforts.
The problems can be summarized into the following observations:

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: The maximum BS value for the short BSR format in NR is only 150000 bytes; however, in LTE the value had been extended to 3000000 bytes (20 times larger) for CA in Rel-10, and in NR the value has been further extended to 81338368 bytes (more than 500 times larger) considering higher throughput for NR UEs.
Observation 3: In NR, the UE can only report short BSR (i.e. 5-bit BS) if there is only one LCG with data for transmission. It is worth noting that it is a common case that the UE has only one LCG with data available.

Observation 4: Short BSR format (i.e. 5-bit BS value) provides much less information for scheduling, and may cause a significant amount of padding in UL compared to the long BSR format.

2 Q/A based on offline discussions

We have received some offline comments before and during RAN2#102 meeting and we would like to provide our views for them.
	Questions
	Answers

	Why does this issue need to be discussed again, given that it has been specifically discussed before?


	First, my feeling is that RAN2 has always been correcting mistakes we made due to the tight schedule in NR. Following are some examples in which I have been involved (other delegates may also be involved in some other similar issues):

· BWP ambiguity issue in RACH. In RAN2#100 meeting in Reno, we organized an offline discussion on BWP (see the report in R2-1714182) and in that offline discussion, we observed that there is BWP ambiguity issue in RACH (see section 2.4 in R2-1714182). However, in that meeting, this issue was totally unacceptable to most companies and this offline report has not even been treated online finally. We believed that this is an issue to be resolved and continued submitting a paper to address it in R2-1800187 in Vancouver, but no companies had similar interests in that meeting again and the issue was not treated. Only two meetings after this issue was firstly observed, it finally attracted RAN2’s attention and was addressed by “BWP linkage” that can only be adopted to specification in this June. 

· URLLC SR triggering issue in presence of eMBB grants. We submitted a paper in R2-1710204 in RAN2#99bis to discuss this issue. It was treated but was disagreed by most companies and in that time people thought that using eMBB grants to send BSR for URLLC is sufficient. We discussed this issue again in the subsequent email discussion for BSR (see open issue 8a in R2-1712827) but had very few supports. In RAN2#100 we were “unreasonably” insisting that this is an issue to be addressed but got very few support. However, two meetings later, when RAN2 were discussing the “immediate grant” issue, majority companies became “unreasonable” like we were before and finally RAN2 agreed to “trigger SR based on grant type and LCP restrictions configured for the LCH triggering the SR” as we proposed at the beginning!

· CG type-2 and SR mask issue. We submitted a paper in R2-1804416 in RAN2#101bis meeting, but majority companies thought it was not an issue at all in that meeting. After that online discussion, we offline discussed with some technical delegates and we acknowledged this issue. Recently in Busan, RAN2 just agreed to address this issue based on contributions from Samsung (R2-1806960), OPPO (R2-1806878) and Huawei (R2-1807447).

As I said, the above cases are only those that happened on me, and you may also know other cases that RAN2 has corrected an agreement or revisited a discussion in NR. In my feeling, the reason for this kind of correction of mistakes is mostly due to the tight schedule and companies do not have sufficient time to look into the details carefully. Most RAN2 people should be reasonable, and all we need is enough time to think about it.

As for this BSR issue for one LCG, I cannot say we are 100% correct, but I am more than 99% confident that current mechanism is unreasonable. Otherwise, how can we explain all the efforts we made for BSR in LTE and NR, including extending BS value to 8 bits and increasing the maximum value from 150000 bytes to 3000000 bytes and 81338368 bytes respectively? 
BSR reporting is a mechanism related to scheduling of each packet, so it is more critical than most of other leftover issues and even more critical than those issues which have already been addressed as mentioned above. As one of the network vendors, we are responsible to correct this even though we know that there should be some resistance for different reasons (mostly non-technical). We dare to face the challenge as we believe that WE ARE @reasonableRAN2, NOT @boringRAN2!

	Can this issue be resolved by network just configuring two or more LCGs?
	“The network can just configure two or more LCGs” was one of the comments that looks correct but just doesn’t consider the real network deployment. In LTE, we had designed some mechanisms to support QoS differentiation. However, before VoLTE commercialized, mostly only the default bearer is used, i.e. only one LCH, one LCG and no QoS differentiation at all. 

At the early phase of NR deployment, it is most likely of the same situation, especially in EN-DC where the DRB is established for the EPS bearer, and most probably there will be only one DRB and no way to configure two LCGs. Moreover, even if someday the UE may be configured with more than one DRBs and more than one LCGs, it is still very possible that at a time only one LCG (e.g. for eMBB) has data available for transmission.

	The analysis above seems not practical and does not consider real traffic pattern, different scheduling schemes and scheduling policy. 
	Scheduling scheme is completely network implementation (it is not the theoretical Max C/I or PF), and any analysis you can say is non-practical. But the analysis given above is an example why finer BS information is useful to network scheduler. Without information, any kind of enhancement has its own costs. For example, with the short BSR, you can always schedule small UL grants to avoid resource wasting on padding, but the cost is longer latency for packets, which is unnecessary by using the long BSR format.

	Whether the length of BS is important to scheduling?
	I don’t want to repeat our view again how BS value is useful to scheduling. We can just see what RAN2 have done for BSR:
1/ in Rel-10, as Carrier Aggregation (CA) introduced in LTE, the maximum value has been extended to 3000000 bytes, which is 20 times larger than 150000 bytes previously used. In Rel-15 NR, this value has been further extended to 81338368 bytes which is more than 500 times larger than 150000 bytes, considering the higher UE throughput in NR.
2/ In Rel-15, RAN2 agreed to extend BS value to 8 bits in NR considering the higher UE throughput.

Always using the short BSR format would defeat the purpose of all these efforts we had done. 

	How to see the overhead of the long BSR format?
	It is true that the long BSR format with one LCG only will increase 2 bytes overhead compared to the short BSR format, but at the same time using long BS value can reduce the scheduling overhead by reducing padding, and in most cases the benefits should be much more than 2 bytes.
On the other hand, using short BSR format may only be beneficial in case of small fixed size packets such as VoIP in terms of overhead, but in most time the UE does not have this kind of traffic. 

	Address this issue in Rel-15 or in Rel-16?
	We are at the border of Rel-15 and Rel-16. From the time’s point of view, there is no significant difference. But if we address it in Rel-16, the consequence would be that Rel-15 UEs will never report long BSRs for this case, and this is undesirable from network point of view. 
Furthermore, all the solutions on the table seem quite simple and does not seem difficult to be finalized in Rel-15. On the other hand, there are not many other issues left in UP session which are more critical than this one.


3 Solutions
According to the offline discussion, the solutions for this issue include:
Option-1: the UE reports long BSR format if the UL grant can accommodate the long BSR format plus its subheader; otherwise, the UE reports short BSR;

Option-2: Network can configure whether to enable the use of long BSR in case that only one LCG has data available for transmission;
Option-3: Leave it up to UE implementation which BSR format to use when only one LCG has data available.

During the offline discussion, option-2 is preferred by most of companies.
4 Annex: Analysis of resource efficiency in R2-1807443
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


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
Buffer Size
LCG ID

Oct 1



