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1. Introduction

This contribution discusses which fields in MAC header need to be extended for LTE-A. In addition, BSR format is also discussed.
2. Discussion 
2.1 MAC PDU format

Starting point is REL-8 LTE MAC PDU format. Table 1 summarize the need for change of each field.

<Table 1>

	LCID (5 bit)

	Discussion
	· 0 ~ 31
· Maximum number of EPS bearer is 8 in LTE. Thus 11 LCID are  needed for logical channels including  CCCH and DCCH as well.
· 4 MAC CEs in downlink and 6 MAC CEs in uplink are defined.

· The number of remaining code points is 15 (=32-6-11)

	Conclusion
	· Even without extending LCID field, total number of code points that could be used for CCCH/DCCH/DTCH is 19 if 7 code points are reserved for the future MAC CEs.

	Proposal
	· The size of LCID is same as that of LTE provided that the maximum number of EPS bearer does not exceed 19 in LTE-A.

	Length (0, 7 or 15 bit)

	Discussion
	· 0 ~ 32768 byte

· Maximum TB size in REL-8 is 75376 bit (=9422 byte) 

· The peak data rate would increase by 10 times in LTE-A 
· However the increased data rate is achieved by transmitting/receiving multiple MAC PDUs in a TTI

· Maximum TB size would be same between LTE and LTE-A

	Conclusion
	· 15 bit L field is more than enough to indicate the maximum TB size in LTE-A 

	Proposal
	· The size of L field is same as that of LTE.

	R (2 bit)

	Discussion
	· Inserted in every MAC subheader to ensure byte alignment 

· Set to 00

· Have been proposed for Happy bit

· Unless the size of other field is extended, 2 bit R field will remain in LTE-A

· If BSR mechanism does not change significantly, R bits could be used to compensate the limitation of BSR mechanism.

	Conclusion
	· No need to extend the size 

	Proposal
	· Could discuss to convey useful information over R bits


2.2 BSR format

BSR format in LTE is designed compactly to be contained in one byte with 2 bit LCG id field and 6 bit buffer size field. If one of fields is extended by even single bit, it would result in additional byte. Thus same format is desirable for LTE-A unless it means too inefficient reporting. 
With the assumption that the number of EPS bearers wouldn’t be quite different, 2 bit LCG id seems fine for LTE-A. Furthermore LTE ENB scheduler would have been designed based on 2 bit LCG id, thus it would be better for ENB vendors to be able to reuse the scheduling algorithm in LTE-A. In that sense 2 bit LCG id is desirable in LTE-A.

Buffer size field is defined with the logarithmic sampling between a certain minum value and a maximum value. In LTE the minimum is 10 byte, the maximum is 150,000 byte with 62 code points. It results in 15 % relative step sizes. 

Assuming that the maximum data rate is 10 times higher, 6 bit buffer size field should cover up to 1,500,000 byte in LTE-A. With the same values (i.e. 62 code points and minimum of 10 byte) for other inputs, relative step size is 18%.
Table 2 shows one example of buffer size field. As seen in the table below, increased inaccuracy of 3 % seems tolerable.

<Table 2>

	INDEX
	BS value
	INDEX
	BS value

	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
	1500000 < BS


3. Conclusion
Following proposals are made w.r.t MAC PDU format and BSR format.

· The size of LCID is same as that of LTE provided that the maximum number of EPS bearer does not exceed 19 in LTE-A;

· The size of L field is same as that of LTE;

· May consider to convey userful information over R bits if provide enough gain;

· The size of LCG id field is same as that of LTE;

· The size of BS field is same as that of LTE. 
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