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1
Introduction 
In RAN2 #70, it was agreed that at least a new BSR table will be introduced to support high data rates in Rel-10. This contribution discusses the calculation of this new BSR table and the principles for UE selection between 2 BSR tables.
2
Discussion
In [4], 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 provided with a 3% increased relative step size (from 15% to 18%) compared with LTE Rel-8. Although the BSR format is backward compatible, the scheduling efficiency is reduced. In this document, it is assumed that the new BSR table should provide no less accuracy than that of LTE Rel-8. Backward compatibility is another factor to be considered. 
2.1
New BSR table design
BS levels in LTE Rel-8 BSR table (Table 1) are derived using the following exponential distribution formula [5, 6]:
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where p = (Bmax / Bmin) 1 / (N-1) - 1, Bmin = 10 bytes, Bmax= 150 Kbytes, N = 62, k=0~N-1. 

The relative step size is calculated according to the following formula:

Relative step size = 
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On the one hand, to keep the BSR format backward compatible as much as possible, the 6-bit BS value field is kept when designing the new BSR table (Table 2). That is parameter N remains unchanged. On the other hand, to ensure that Table 2 provides no less accuracy than that of LTE Rel-8, the large BS levels in Rel-10 are expressed with the same granularity as in Rel-8 (15% relative step size). That is Bmin and Bmax in Table 2 are increased respectively. In order to avoid any ambiguity with formula 1, Bmin and Bmax for Rel-10 are denoted as BminR10 and BmaxR10 respectively when designing Table 2. Table 2 can be calculated by the following steps:
· Determine BmaxR10  = 1500 Kbytes [1, 2, 4];
· Extend Table 1 to determine kmax which denotes the BmaxR10 value in Rel-10;
In order to express the large BS levels from 150 Kbytes to 1500 Kbytes in Rel-10 and keep the same granularity as in Rel-8, Table 1 is extended using formula 1, where k is extended to kmax (k = 0~ kmax, kmax > N-1), while keep using Rel-8 Bmin and Bmax value. kmax will reach 77 when the maximum supported BS reaches 1500 Kbytes. 
· Determine BminR10  and 
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 in Table 2, where 
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denotes the BS value when the index in Table 2 is equal to k+1, Bk denotes the BS value when index in Table 1 is equal to k+1;
BminR10 = 
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= 107. So that BminR10 in Table 2 will use the BS level indicated by index 16 in Table 1.
· Calculate BS levels for Table 2;
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，where k = 0~N-1.
The resulting effect is the formation of LTE-A BSR table (Table 2). Compared with Table 1, it can be seen that the BS levels in red highlighted area (index 1 to 15 in Table 1) are truncated; remain BS levels highlighted in green (index 16 to 62 in Table 1, whose BS levels are corresponding to index 1 to 47 in Table 2) are moved to the lower end direction altogether to leave spaces for higher indices; New BS levels supporting high data rates indicated by higher indices (index 48 to 62 in Table 2) are calculated and filled in blue highlighted area. BS levels indicated by index 1 to 16 in Table 1 are condensed into index 1 (0 < BS <= 107 bytes) in Table 2. BS level indicated by index 63 (BS > 150 Kbytes) in Table 1 are extended as BS levels indicated by index 48 to 62 in Table 2 (BS value from 150 Kbytes to 1500 Kbytes).
Table 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


Table 2
	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	32
	12043< BS <=14099

	1
	0< BS <=107
	33
	14099< BS <=16507

	2
	107< BS <=125
	34
	16507< BS <=19325

	3
	125< BS <=146
	35
	19325< BS <=22624

	4
	146< BS <=171
	36
	22624< BS <=26487

	5
	171< BS <=200
	37
	26487< BS <=31009

	6
	200< BS <=234
	38
	31009< BS <=36304

	7
	234< BS <=274
	39
	36304< BS <=42502

	8
	274< BS <=321
	40
	42502< BS <=49759

	9
	321< BS <=376
	41
	49759< BS <=58255

	10
	376< BS <=440
	42
	58255< BS <=68201

	11
	440< BS <=515
	43
	68201< BS <=79846

	12
	515< BS <=603
	44
	79846< BS <=93479

	13
	603< BS <=706
	45
	93479< BS <=109439

	14
	706< BS <=826
	46
	109439< BS <=128125

	15
	826< BS <=967
	47
	128125< BS <=150000

	16
	967< BS <=1132
	48
	150000< BS <=175612

	17
	1132< BS <=1326
	49
	175612< BS <=205595

	18
	1326< BS <=1552
	50
	205595< BS <=240699

	19
	1552< BS <=1817
	51
	240699< BS <=281796

	20
	1817< BS <=2127
	52
	281796< BS <=329909

	21
	2127< BS <=2490
	53
	329909< BS <=386238

	22
	2490< BS <=2915
	54
	386238< BS <=452184

	23
	2915< BS <=3413
	55
	452184< BS <=529390

	24
	3413< BS <=3995
	56
	529390< BS <=619778

	25
	3995< BS <=4677
	57
	619778< BS <=725599

	26
	4677< BS <=5476
	58
	725599< BS <=849488

	27
	5476< BS <=6411
	59
	849488< BS <=994529

	28
	6411< BS <=7505
	60
	994529< BS <=1164335

	29
	7505< BS <=8787
	61
	1164335< BS <=1363134

	30
	8787< BS <=10287
	62
	1363134< BS <=1500000

	31
	10287< BS <=12043
	63
	BS >1500000


To summarize, the method for calculation of Table 2 in this contribution and that in [4] can be considered as two different options using 6-bit BS field:
Option 1: Increase both Bmin and Bmax while keeping the same granularity.
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Figure 1
Option 1 sacrifices some lower end BS levels. BS levels from index 1 to 16 in Table 1 are represented by only 1 BS level (index 1) in Table 2. The granularity for lower BS is reduced since BS levels for BS value below 107 bytes are compressed to 1 BS level in Table 2, however the granularity for higher BS is sustained and maximum BS is extended. In Table 2, the same granularity as in LTE Rel-8 is sustained from BS value 107 bytes (Bmin for Rel-10) to 1500 Kbytes (Bmax for Rel-10) indicated by index 2 to 62. In order to achieve the same scheduling efficiency for BS value below 107 bytes, Table 1 can be selected by the UE according to its actual BS. Figure 1 depicts the implementation of Option 1.
Option 2: Increase only Bmax while decreasing the granularity [4].
As described in [4], the relative step size is increased by about 3% for this option, so that scheduling efficiency is reduced to some extent and it is considered acceptable in [4].
Between the two options, we prefer Option 1 for it can provide the same scheduling efficiency as in LTE Rel-8.
Proposal 1: RAN2 adopt Option 1 as the BSR table calculation method and capture Table 2 as the additional BSR table in Rel-10.
2.2
Selection of BSR tables
At least two BSR tables will be supported in Rel-10, there should be means for the UE to select the appropriate BSR table when creating the BSR MAC CE. For the eNB, it should be able to identify unambiguously which BSR table is being employed for the received BSR MAC CE. In [2], it is suggested that UE select BSR table according to current BS based on the LCG with most data buffered and set one of the “R” bit in order for the eNB to distinguish the BSR tables. New LCID may also be considered for the new BSR table.
A Rel-8 eNB may ignore the “R” bit for the BSR MAC CE created according to Table 2 reported by a Rel-10 UE. It is helpful for the eNB to inform the UE its multiple BSR tables supporting information. UE can also select which BSR table to use according to eNB signalling. eNB can (re)configure UE to use only one BSR table for a period of time based on QoS of logical channels and traffic activity. eNB may decide switching of BSR tables according to multiple consecutive large/small BSR reports. With these means, it is also possible to distinguish BSR tables without relying on “R” bit or separate LCID.
Proposal 2: The backward compatibility issue should be considered that a Rel-8 eNB may not recognize that the BSR MAC CE is created according to new BSR table since it may ignore the “R” bit.
3
Conclusion 
In this contribution, design of the new BSR table and a backward compatibility issue are discussed, it is proposed that:
Proposal 1: RAN2 adopt Option 1 as the BSR table calculation method and capture Table 2 as the additional BSR table in Rel-10.

Proposal 2: The backward compatibility issue should be considered that a Rel-8 eNB may not recognize that the BSR MAC CE is created according to new BSR table since it may ignore the “R” bit.
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