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1 Introduction
In RAN1#82 meeting [1] and the subsequent mail discussion [82-06], the following agreements have been made for UL LBT mechanisms.
Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of  at least 25 us before the transmission burst
· The sensing duration in a CCA slot can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}, 
· FFS: The random back-off counter is generated at the eNB and is signalled to the UE.
· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel.
· The UL maximum contention window size should be smaller than for DL category 4 LBT.
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary.
· FFS: Energy detection threshold used for UL LBT

Agreement:
· For cross-carrier scheduling, if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling.
· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedure should be supported
· A CCA duration of  at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot,
· FFS: The random back-off counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT
· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
· FFS: Energy detection threshold used for UL LBT

Based on the agreements above, this contribution discusses the maximum contention window (CW) size selection for UL with self-carrier scheduling and cross-carrier scheduling, assuming that Cat. 4 LBT is adopted.
2 Maximum contention window selection
UL Cat. 4 LBT can achieve reasonably fair channel contention with other technologies (e.g., WiFi) and the LAA DL burst from other transmission point if the same or similar length of defer period is applied to UL LBT. In addition, shorter CW size for UL e.g., faster channel access than DL can improve the coexistence performance [2]. 
2.1 Self-carrier scheduling
According to the agreement, if Cat. 4 LBT is adopted, the maximum CW size can be chosen from the set X ={3, 4, 5, 6, 7} for self-carrier scheduling. For each of the possible maximum CW sizes, we tabulated the maximum channel occupancy time (MCOT) [3] and maximum channel sensing time (MCST) in Table 1. Considering that one symbol duration is about 71us and this important to ensure that the overhead required for such LBT behaviour can be fitted within one symbol duration [4][5]. Thus, we may simply narrow down the candidate CW sizes from X={3, 4, 5, 6,7} to X={3, 4, 5} as the sensing intervals of CW sizes 6 and 7 exceed one symbol duration. 
Proposal 1: For self-carrier scheduling, if LBT Cat. 4 is supported for UL LAA, the maximum CW size may be chosen from the set X={3, 4, 5} to ensure that the overhead required for such LBT behaviour can be fitted within one symbol duration.
Moreover, the UL transmission length is 1ms in the current LTE specification. Choosing X=3 may be appropriate for maximum CW size in terms of efficient channel access for LAA self-carrier scheduled UL.
Observation 1: Choosing X=3 may be efficient for the maximum CW size as UL transmission length is 1ms in the current LTE specification. 
 
Table 1: MCOT and MCST of each CW size
	CW size X
	MCOT is less than or equal to (13/32)*X ms
	MCST is equal to 16+9+X*9 us

	3
	1.21875 ms
	52 us

	4
	1.625 ms
	61 us

	5
	2.03125 ms
	70 us

	6
	2.4375 ms
	79 us

	7
	2.84375 ms
	83 us


2.2 Cross-carrier scheduling
Rel-13 LBT supports four DL LBT priority classes in the RAN1 specifications. For the DL LBT priority class 1 to 4, LAA supports the LBT parameter values shown in Table 2 [6]. In Table 2, we observe that if the longer transmission time allowed to be transmitted, the larger CW size should be taken for performing ECCA procedure. Similar to UL transmission in current LTE system, PUSCH transmission time of LAA SCell may be limited within 1 ms, which is shorter than MCOT of each DL LBT priority class. Therefore, The UL maximum CW size should be smaller than that for DL category 4 LBT.
Proposal 2: For cross-carrier scheduling, if LBT Cat.4 is supported for UL LAA, the UL maximum CW size should be smaller than that for DL Cat. 4 LBT. 
For cross-carrier scheduling, to ensure that the overheard required for such LBT behaviour can be fitted within one symbol duration. The UL maximum CW size shall be the same as that for UL with self-carrier scheduling i.e., chosen for the set X={3, 4, 5}.
Proposal 3: For cross-carrier scheduling, if LBT Cat.4 is supported for UL LAA, the UL maximum CW size shall be the same as that for UL with self-carrier scheduling i.e., chosen form the set X={3, 4, 5}.
Table 2: Channel Access Priority Class
	Channel Access Priority Class (
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	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}


3 Conclusion
In this contribution, we discussed the CW size selection for UL LAA with self-carrier scheduling and cross-carrier scheduling, assuming that LBT Cat. 4 is adopted for UL LAA. The discussion is summarized with the following proposals and observation:
Proposal 1: For self-carrier scheduling, if LBT Cat. 4 is supported for UL LAA, the maximum CW size may be chosen from the set X={3, 4, 5}.

Observation 1: Choosing X=3 may be efficient for the maximum CW size as UL transmission length is 1ms in the current LTE specification. 
Proposal 2: For cross-carrier scheduling, if LBT Cat.4 is supported for UL LAA, the UL maximum CW size should be smaller than that for DL Cat. 4 LBT. 
Proposal 3: For cross-carrier scheduling, if LBT Cat.4 is supported for UL LAA, the UL maximum CW size shall be the same as that for UL with self-carrier scheduling i.e., chosen form the set X={3, 4, 5}.
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