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1 Introduction

How to design the new BSR table has been discussed at RAN2#70bis and following agreements were made, 
1)
One new table

2)
6 bits BS (64 values)

3)
Exponential distribution starting from 0, maximum FFS

4)
Possible optimisations to accommodate specific values (e.g. SID frames) FFS.
Based on these agreements, the method to calculate the new BSR table are discussed in this paper. 

2 Discussion
In order to support large BS (buffer size) of more than 1500 Kbytes in Rel-10, a new BSR table using 6-bit BS value field was agreed with exponential distribution starting from 0. Although the maximum value is FFS, we can expect that the granularity of the new BSR table is enlarged compared with LTE Rel-8/9. The scheduling efficiency will be reduced due to the inaccuracy. The impact will be more severe for the service with low bit rate. Lower granularity is important in the lower end as it is where grant accuracy matters. In the following, we will introduce a method to improve the granularity for the lower end while keeping the backward compatibility of the new BSR table. 
2.1 Additional BSR table design

BS levels in LTE Rel-8/9 BSR table are derived using the following exponential distribution formula:

Bk = (Bmin( (1 - p) k (        
where p = 1-( Bmax / Bmin) 1 / (N-1), Bmin = 10 bytes, Bmax= 150 Kbytes, N = 62, k=0~N-1
Table 1 BS Levels for BSR in Rel-8/9 [1]

	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	32
	1132 < BS <= 1326

	1
	0 < BS <= 10
	33
	1326 < BS <= 1552

	2
	10 < BS <= 12
	34
	1552 < BS <= 1817

	3
	12 < BS <= 14
	35
	1817 < BS <= 2127

	4
	14 < BS <= 17
	36
	2127 < BS <= 2490

	5
	17 < BS <= 19
	37
	2490 < BS <= 2915

	6
	19 < BS <= 22
	38
	2915 < BS <= 3413

	7
	22 < BS <= 26
	39
	3413 < BS <= 3995

	8
	26 < BS <= 31
	40
	3995 < BS <= 4677

	9
	31 < BS <= 36
	41
	4677 < BS <= 5476

	10
	36 < BS <= 42
	42
	5476 < BS <= 6411

	11
	42 < BS <= 49
	43
	6411 < BS <= 7505

	12
	49 < BS <= 57
	44
	7505 < BS <= 8787

	13
	57 < BS <= 67
	45
	8787 < BS <= 10287

	14
	67 < BS <= 78
	46
	10287 < BS <= 12043

	15
	78 < BS <= 91
	47
	12043 < BS <= 14099

	16
	91 < BS <= 107
	48
	14099 < BS <= 16507

	17
	107 < BS <= 125
	49
	16507 < BS <= 19325

	18
	125 < BS <= 146
	50
	19325 < BS <= 22624

	19
	146 < BS <= 171
	51
	22624 < BS <= 26487

	20
	171 < BS <= 200
	52
	26487 < BS <= 31009

	21
	200 < BS <= 234
	53
	31009 < BS <= 36304

	22
	234 < BS <= 274
	54
	36304 < BS <= 42502

	23
	274 < BS <= 321
	55
	42502 < BS <= 49759

	24
	321 < BS <= 376
	56
	49759 < BS <= 58255

	25
	376 < BS <= 440
	57
	58255 < BS <= 68201

	26
	440 < BS <= 515
	58
	68201 < BS <= 79846

	27
	515 < BS <= 603
	59
	79846 < BS <= 93479

	28
	603 < BS <= 706
	60
	93479 < BS <= 109439

	29
	706 < BS <= 826
	61
	109439 < BS <= 128125

	30
	826 < BS <= 967
	62
	128125 < BS <= 150000

	31
	967 < BS <=1132
	63
	BS > 150000


The principle to design the new BSR table is that the range of the BSR level from 0 bytes to BSmax is divided into several intervals, such as 0 < BS <= BS1, BS1 < BS <= BS2 , BS2 < BS <= BS3,……, BSN-2 < BS <= BSN-1, BSN-1 < BS <= BSN,. And the granularity for each interval could be different from each other. The granularity can be enlarged gradually from one interval to another. So the granularity will be decreased in the lower end at the expense of higher granularity in the higher end. 

For example, BSmax=1500kbytes, the whole range from 0 bytes to 1500kbytes is divided into 3 intervals, i.e. 0 < BS <= 2000, 2000 < BS <= 400000, 400000 < BS <= 1500000. With 6bits for BS level indication, we can use 32, 24 and 6 BS levels to cover each interval respectively. The granularity of the BSR table is enlarged gradually from one interval to another. The example is illustrated in Table 2. 

Table 2 BS Levels for BSR with the proposed method

	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	32
	1686 < BS <= 2000

	1
	0 < BS <= 10
	33
	2000 < BS <= 2495

	2
	10 < BS <= 12
	34
	2495 < BS <= 3111

	3
	12 < BS <= 15
	35
	3111 < BS <= 3879

	4
	15 < BS <= 17
	36
	3879 < BS <= 4837

	5
	17 < BS <= 20
	37
	4837 < BS <= 6032

	6
	20 < BS <= 24
	38
	6032 < BS <= 7522

	7
	24 < BS <= 28
	39
	7522 < BS <= 9380

	8
	28 < BS <= 34
	40
	9380 < BS <= 11697

	9
	34 < BS <= 40
	41
	11697 < BS <= 14586

	10
	40 < BS <= 47
	42
	14586 < BS <= 18189

	11
	47 < BS <= 56
	43
	18189 < BS <= 22682

	12
	56 < BS <= 66
	44
	22682 < BS <= 28285

	13
	66 < BS <= 78
	45
	28285 < BS <= 35272

	14
	78 < BS <= 93
	46
	35272 < BS <= 43985

	15
	93 < BS <= 110
	47
	43985 < BS <= 54850

	16
	110 < BS <= 130
	48
	54850 < BS <= 68400

	17
	130 < BS <= 155
	49
	68400 < BS <= 85296

	18
	155 < BS <= 183
	50
	85296 < BS <= 106366

	19
	183 < BS <= 217
	51
	106366 < BS <= 132642

	20
	217 < BS <= 258
	52
	132642 < BS <= 165408

	21
	258 < BS <= 306
	53
	165408 < BS <= 206268

	22
	306 < BS <= 363
	54
	206268 < BS <= 257222

	23
	363 < BS <= 430
	55
	257222 < BS <= 320763

	24
	430 < BS <= 510
	56
	320763 < BS <= 400000

	25
	510 < BS <= 605
	57
	400000 < BS <= 498577

	26
	605 < BS <= 718
	58
	498577 < BS <= 621447

	27
	718 < BS <= 851
	59
	621447 < BS <= 774597

	28
	851 < BS <= 1010
	60
	774597 < BS <= 965490

	29
	1010 < BS <= 1198
	61
	965490 < BS <= 1203426

	30
	1198 < BS <= 1421
	62
	1203426 < BS <= 1500000

	31
	1421 < BS <=1686
	63
	BS > 1500000


If the new BSR table from 0 byte to 1500000bytes is designed with exponential distribution of unique granularity, the corresponding step size could be 21.6%. That is 4.5% higher than 17.1 % of Rel-8/9, just as analysed in [2]. 

Table 3 BS Levels for BSR cited in [2]

	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	32
	3513 < BS <= 4271 

	1
	0 < BS <= 10 
	33
	4271 < BS <= 5192 

	2
	10  < BS <= 13 
	34
	5192 < BS <= 6313 

	3
	13 < BS <= 15 
	35
	6313 < BS <= 7675 

	4
	15 < BS <= 18 
	36
	7675 < BS <= 9331 

	5
	18 < BS <= 22 
	37
	9331 < BS <= 11344 

	6
	22 < BS <= 27 
	38
	11344 < BS <= 13792 

	7
	27 < BS <= 33 
	39
	13792 < BS <= 16767 

	8
	33 < BS <= 40 
	40
	16767 < BS <= 20385 

	9
	40 < BS <= 48 
	41
	20385 < BS <= 24784 

	10
	48 < BS <= 59 
	42
	24784 < BS <= 30131 

	11
	59 < BS <= 71 
	43
	30131 < BS <= 36633 

	12
	71 < BS <= 86 
	44
	36633 < BS <= 44537 

	13
	86 < BS <= 105 
	45
	44537 < BS <= 54147 

	14
	105 < BS <= 127 
	46
	54147 < BS <= 65831 

	15
	127 < BS <= 155 
	47
	65831 < BS <= 80036 

	16
	155 < BS <= 188 
	48
	80036 < BS <= 97306 

	17
	188 < BS <= 228 
	49
	97306 < BS <= 118302 

	18
	228 < BS <= 278 
	50
	118302 < BS <= 143829 

	19
	278 < BS <= 337 
	51
	143829 < BS <= 174863 

	20
	337 < BS <= 410 
	52
	174863 < BS <= 212595 

	21
	410 < BS <= 498 
	53
	212595 < BS <= 258468 

	22
	498 < BS <= 606 
	54
	258468 < BS <= 314239 

	23
	606 < BS <= 736 
	55
	314239 < BS <= 382045 

	24
	736 < BS <= 895 
	56
	382045 < BS <= 464481 

	25
	895 < BS <= 1088 
	57
	464481 < BS <= 564705 

	26
	1088 < BS <= 1323 
	58
	564705 < BS <= 686556 

	27
	1323 < BS <= 1608 
	59
	686556 < BS <= 834699 

	28
	1608 < BS <= 1955 
	60
	834699 < BS <= 1014807 

	29
	1955 < BS <= 2377 
	61
	1014807 < BS <= 1233779 

	30
	2377 < BS <= 2890 
	62
	1233779 < BS <= 1500000 

	31
	2890 < BS <= 3513 
	63
	BS > 1500000


Compared to the three BSR tables, the granularity of Table 2 is a little larger than Table 1 but lower than Table 3 at the lower end from BS level 1 to 32. The corresponding step size could be 18.6%, which is only 1.5% higher than 17.1% of LTE Rel-8/9. The scheduling efficiency for low bit rate data can be improved as the accuracy of BS level indication is improved by lowering the granularity at the lower end. However, the granularity of the higher end of Table 2 is relatively enlarged compared to Table 1 and Table 3. The corresponding step size could be 24.6%, which is 7.5% higher than 17.1% of Rel-8/9. 

As lower granularity at the lower end is important for scheduling efficiency, we propose new BSR table with exponential distribution of inconsistent granularity should be designed. 

Proposal 1: New BSR table should be designed with different granularities in different intervals.

If the principle can be agreed, we can discuss further how to divide the whole range into different intervals as well as the corresponding step size. 

2.2 BSR Format
It has been agreed that the usage of the new table is explicitly controlled by RRC. Dynamic selection of the two BSR tables is not supported. From network perspective, eNB would simply know which UEs are using the new BSR table according to the configuration when the Rel-10 feature such as CA or UL MIMO is configured. The differentiation between the legacy BSR table and new BSR table in the BSR MAC CE is not needed. The LCIDs for Long, Short and Truncated BSR can reuse the same value as Rel-8/9. All the BSR formats in R8/9 can be reused. 

Proposal 2: The BSR format for CA can reuse the same format in Rel-8/9. New LCIDs for BSR in CA are not needed. 

If which BSR table is being used needs to be indicated, one reserved bits in the BSR subheader can be used for such purpose. So the logical channel identifiers can be saved and the LCIDs for Long, Short and Truncated BSR should be reused. 

3 Conclusion
In this contribution, we discuss the principle to design the new BSR table and one example is shown. We have following proposals:

Proposal 1: New BSR table should be designed with different granularity in different intervals.

Proposal 2: The BSR format for CA can reuse the same format in Rel-8/9. New LCIDs for BSR in CA are not needed. 
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