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1 Introduction

It has been agreed at RAN2#70 that:

Will specify at least one additional BSR table which can be used in case of higher data rates.


- details on number of values, values and how it is used are FFS.

Based on these agreements, the BSR format and BS size are discussed in this paper. 

2 Discussion
2.1 Maximum Buffer Size
For R8/9, the maximum buffer size level is defined by the maximum UL transport block size of 75376 bits and a response time of 2 RTTs (8 ms). 
Bmax = (75376 ( 16) / 8 = 150752 bytes ≈ 150 Kbytes

In CA, the maximum bit size should be larger than 75376 (2 bits for each TTI on one specific CC. With 2 layers UL MIMO, 5 UL CC is assumed, the maximum buffer size level could be:
Bmax = (75376 (  16 ( 2 ( 5) / 8 = 150752 ( 10 bytes ≈ 1500 Kbytes.
Proposal 1: The maximum buffer size level of CA is 1500 Kbytes;
2.2 New Buffer Size Table
New BS table could be provided through the following two methods:

· Option 1: Reusing the legacy BS table for R10 UE with BS smaller than 150 Kbytes and define new BS table to cover the BS larger than 150 Kbytes;
· Option 2: Define new complete BS table extended to cover the buffer size from 0 to 1500 Kbytes, keep the length of the value field to 6 bits;
· Option 3: Define new complete BS table and extend the length of value field to be 7 or 8 bits;
For R8/9, the BS table is showed in Table 1. The step between adjacent levels is about 17.1%.
Table 1 BS Levels for BSR in R8/9
	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


For option 1, the table 1 is reused for R10 UEs with buffer size lower than 150 Kbytes. For R10 UE with buffer size higher than 150 Kbytes, a new BS table is needed. In order to reach a comparable accuracy with R8/9, an additional 15 (step size is 17.9%) or 16 (step size is 16.6%) levels may be needed to extend the current buffer size table to cover the 1500 Kbytes buffer size. The following table shows the additional BS table with 16 buffer size levels. All of other levels could be reserved for further extension. The new levels could also start from level 0 or level 1. In the following table 2, the levels start from level 1.
Table 2 BS table for additional 16 BS levels
	0
	0<BS<=150000
	14
	1103464<BS<=1286544

	1
	150000<BS<=174888 
	15
	1286544<BS<=1500000

	2
	174888<BS<=203904 
	16
	1500000 < BS

	3
	203904<BS<=237734 
	17
	Reserved

	4
	237734<BS<=277178 
	18
	Reserved

	5
	277178<BS<=323166 
	…
	…

	6
	323166<BS<=376783 
	
	

	7
	376783<BS<=439297 
	
	

	8
	439297<BS<=512183 
	
	

	9
	512183<BS<=597161 
	
	

	10
	597161<BS<=696239 
	
	

	11
	696239<BS<=811755 
	
	

	12
	811755<BS<=946437 
	
	

	13
	946437<BS<=1103464 
	63
	Reserved


For option 2: A new complete BS table could be defined for cases with UL CA configured. If we keep using 6 bits as the length of BSR value field, the corresponding step size could be 21.6%. That is 4.5% higher than 17.1 of R8/9. It seems also acceptable for R10. A corresponding BS table 3 could be the following:
Table 3 BS table for CA with the value field of 6 bits
	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


For option 3, if we extend the length of the BSR value field from 6 to 7 bits, the corresponding step size would be changed to be 10%, which is much lower than that of R8/9. If 8 bits is assumed, the step size would be lower than 4.9%. For UE with buffer size lower than 150Kbytes, BS table with the step size of 17.1 % could work well. Thus there is no need to improve the accuracy of BS levels for CA by extending the value field. Because increasing the size of the field would significantly impact the format of the BSR CEs and because there is no strong need for high buffer accuracy we propose, 
Proposal 2: 6 bits is enough for BSR value field also in case uplink CA is configured;
2.3 BSR Format
In order to reduce the impact to the current specification and save the logical channel identifiers, the LCIDs for Long, Short and Truncated BSR should be reused. For option 1, we could use 1 of the reserved bits in the BSR sub-header to indicate the current BSR is legacy BSR or extended BSR. However this would be rather wasteful of bits in the sub-header structure. Instead with option 2, all current BSR format could be reused. 
Proposal 3: Define a new complete BS table and reuse R8/9 BSR format for CA.
Under a R8/9 eNB the UE should use the R8/9 BS table value.
For R10 UE without CA, R8/9 the BS table is enough for one carrier. In order to get the correct BS value, eNodeB should know when the extended BS table is used.

The eNodeB could simply know the type of BS table according to the number of UL carriers configured for this UE, i.e. if only one UL carrier is used, UE uses the R8/9 BS level value; else the UE uses the extended BS level value.

Proposal 4: When one UL carrier is configured, the UE uses the R8/9 BS level value. If more than one UL carrier are configured the UE uses the extended BS level value.
3 Conclusion

Proposal 1: The maximum buffer size level of CA is 1500 Kbytes;
Proposal 2: 6 bits is enough for BSR value field also in case uplink CA is configured;

Proposal 3: Define a new complete BS table and reuse R8/9 BSR format for CA.
Proposal 4: When one UL carrier is configured, the UE uses the R8/9 BS level value. If more than one UL carrier are configured the UE uses the extended BS level value.
4 Text Proposals for TS 36.321
/************************************Change Starts**************************************/
6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:

-
Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2.

The fields LCG ID and Buffer Size are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits;

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively.  The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in Table 6.1.3.1-1 in case one uplink CC is configured. If more than one uplink CC is configured the values taken by the Buffer Size field  are shown in Table 6.1.3.1-2.
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Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element
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Figure 6.1.3.1-2: Long BSR MAC control element

Table 6.1.3.1-1: Buffer size levels for BSR

	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 6.1.3.1-2: Buffer size levels for BSR

	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


/************************************Change Ends**************************************/
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