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1. Introduction

In RAN1 #85 meeting, there was discussion on eNB signalling for UL LBT and the following agreements were made [1].
	Agreement:

· When the UE performs Cat. 4 LBT, it uses the priority class signaled by the eNB 

· There is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes.

· eNB shall not schedule the UE more subframes than what is needed to transmit all the traffic corresponding to the same LBT priority class or lower (i.e., with a lower number in the LBT priority class table) than the signaled LBT priority class based on the latest BSR and received UL traffic from the UE.

· The eNB is responsible for making sure that the mapping between QCI and LBT priority class is consistent with section 5.7.1 in TS 36.300.

· The eNB is expected to take the QCI with the lowest priority in the logical channel group into account when defining the LBT priority class for a logical channel group

Agreement:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.


In this contribution, we discuss on eNB signalling for UL LBT considering LBT parameters for both of Cat 4 LBT and 25us LBT.
2. Discussion

In Rel-14 eLAA WI, it was agreed that UE performs UL LBT following LBT type (e.g., Cat 4 LBT, 25us LBT) signalled by eNB [1]. In addition to LBT type, UE also needs LBT parameters such as PUSCH starting position and LBT priority class for UL LBT. During discussions in eLAA WI, the following LBT parameters were considered for Cat 4 LBT and 25us LBT.

[LBT parameters according to LBT type]
(1) Cat 4 LBT

A. PUSCH starting position:

i. Start of DFTS-OFDM symbol {0, 1}

B. LBT priority class {1, 2, 3, 4}

(2) 25us LBT

A. PUSCH starting position:

i. Start of DFTS-OFDM symbol {0, 1}

ii. {25us, 25us + TA value} after start of DFTS-OFDM symbol 0

Among those LBT parameters, it was also agreed that eNB indicates LBT priority class when UE performs Cat 4 LBT. For PUSCH starting position, eNB indication would be desirable to have same understanding between eNB and UE on the rate-matching for PUSCH. In this perspective, we consider that eNB signalling is needed for LBT type and LBT parameters (at least for PUSCH starting position and LBT priority class). Since both of LBT type and LBT parameters are needed for complete UL LBT operation, LBT parameters can also be signalled by UL grant as signalling for LBT type.
Proposal #1: In LAA, the following LBT parameters are signaled by UL grant.

· LBT type

· PUSCH starting position

· LBT priority class

· FFS for CW size adjust related parameters
For the signalling for LBT type and LBT parameters, it should be noted that LBT parameters are different according to LBT type as shown above. Considering the dependency between LBT type and LBT parameters, it would be more efficient way to jointly encode LBT type and corresponding LBT parameters rather than separately encode each of them.
Table 1 is an example of 4 bits joint coding for LBT type, PUSCH starting position, and LBT priority class. Noted that total 5 bits is required if those LBT parameters are independently encoded (e.g., 1 bit for LBT type + 2 bits for PUSCH starting position + 2 bits for LBT priority class)
Table 1. Joint coding for {LBT type, PUSCH starting position, and LBT priority class}
	State
	LBT type
	PUSCH starting position
	LBT priority class

	0
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 1

	1
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 1

	2
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 2

	3
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 2

	4
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3

	5
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3

	6
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4

	7
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4

	8
	25us LBT
	Start of symbol 0
	N/A

	9
	25us LBT
	Start of symbol 1
	N/A

	10
	25us LBT
	25us after start of symbol 0
	N/A

	11
	25us LBT
	25us + TA after start of symbol 0
	N/A

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved

	15
	Reserved
	Reserved
	Reserved


On the other hand, there was discussion on CWS (contention window size) adaption for UL LBT in Rel-14 eLAA WI. To be specific, the following two approaches were considered as described in our companion contribution [2].

[CWS adaptation for UL LBT]
(1) Approach 1

A. eNB manages CWS per UE and explicitly indicates CWS value
(2) Approach 2

A. eNB signals information related to the reference subframe for CWS adjustment and scheduled UE updates CWS based on corresponding information
Considering that CWS adaptation is meaningful only with specific LBT type (i.e., Cat 4 LBT), CWS value or assisting information signalled by eNB can also be jointly encoded with LBT type and LBT parameters. At below, Table 2 shows an example of 6 bits joint coding for LBT type, PUSCH starting position, LBT priority class and CWS value.
Proposal #2: LBT type, PUSCH starting position and LBT priority are jointly encoded.
· FFS for CW size adjust related parameters
Table 2. Joint coding for {LBT type, PUSCH starting position, and LBT priority class, CWS}
	State
	LBT type
	PUSCH starting position
	LBT priority class
	CWS

	0
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 1
	3

	1
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 1
	7

	2
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 1
	3

	3
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 1
	7

	4
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 2
	7

	5
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 2
	15

	6
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 2
	7

	7
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 2
	15

	8
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	15

	9
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	31

	10
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	63

	11
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	127

	12
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	255

	13
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	511

	14
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 3
	1023

	15
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	15

	16
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	31

	17
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	63

	18
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	127

	19
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	255

	20
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	511

	21
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 3
	1023

	22
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	15

	23
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	31

	24
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	63

	25
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	127

	26
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	255

	27
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	511

	28
	Cat 4 LBT
	Start of symbol 0
	LBT priority class 4
	1023

	29
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	15

	30
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	31

	31
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	63

	32
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	127

	33
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	255

	34
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	511

	35
	Cat 4 LBT
	Start of symbol 1
	LBT priority class 4
	1023

	36
	25us LBT
	Start of symbol 0
	N/A
	N/A

	37
	25us LBT
	Start of symbol 1
	N/A
	N/A

	38
	25us LBT
	25us after start of symbol 0
	N/A
	N/A

	39
	25us LBT
	25us + TA after start of symbol 0
	N/A
	N/A

	40
	Reserved
	Reserved
	Reserved
	Reserved

	41
	Reserved
	Reserved
	Reserved
	Reserved

	…
	…
	…
	…
	…

	63
	Reserved
	Reserved
	Reserved
	Reserved


3. Conclusion
In this contribution, we discussed eNB signaling for LBT type and LBT parameters and the following was proposed:
Proposal #1: In LAA, the following LBT parameters are signaled by UL grant.

· LBT type

· PUSCH starting position

· LBT priority class

· FFS for CW size adjust related parameters
Proposal #2: LBT type, PUSCH starting position and LBT priority are jointly encoded.
· FFS for CW size adjust related parameters
4. Reference

[1] RAN1 #85 Chairman’s note

[2] R1-166817, “CWS adjustment for LAA,” LG Electronics
