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1	Introduction
At the RAN1#84bis meeting, the following agreement was made [1]:
· “One symbol in a subframe containing PUSCH can be blanked
· “FFS whether to have more than one blanked symbol
· “FFS whether it’s cell-specific or UE-specific”
· “If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission”
In the email discussion after RAN1#84bis, some further details were discussed based on the proposals in [2].  
· “For the DL and UL transmissions occurring on the same channel, an eNB starting the DL transmission based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit. 
· “Any gap between two consecutive transmissions that is larger than 25µs shall not be included in the total transmission duration.”
In this contribution, some further considerations for UL LBT are discussed and corresponding signalling designs are provided. 
2	Discussion
2.1 Gap(s) Allocation for UL LBT
According to the latest agreement that at least one symbol can be blanked for UEs to do UL LBT. It was discussed that gaps are required to support multiple UEs multiplexing and in that case not all UL subframes need to leave a gap with blanked symbol(s). The reasons for a gap can be further differentiated into two, one is to support multi-UE multiplexing as already addressed above and the other is to start a new transmission. For this second reason, a gap is required even if a single UE is scheduled in a subframe. From signal point of view, there is no need to indicate to a UE to leave a gap for a new transmission as UEs can know that from subframes scheduled, for example, first subframe of each burst. 
The gaps for multiple UEs multiplexing could be variable and it depends on where two or more UEs are required to be multiplexed in one subframe. It is proposed to introduce a gap allocation message for multiple UE multiplexing purpose. Since the gaps allocation is common to all UEs, it can be signaled in a common DCI but considering the most often case is that only one 1 or 2 UEs are multiplexed in a subframe, it is also feasible to include it in the UL Grant message. When the gap allocation message is sent in a UE specific manner, it could be tailored to only the subframes scheduled to this UE. 
Proposal 1:	It is proposed to indicate UEs the gap allocation for multiple UE multiplexing purpose.   
				FFS: to be included in a common DCI or DCI format 0/4
2.2 Gap Sizes for UL LBT
It was discussed that a gap of one symbol length is long enough for UEs to finish a 25µs LBT and a gap of two or more symbols may be required for UEs to finish a Cat 4 LBT. Concerns were raised during the email discussion that too long gap (>= 2 symbols) may compromise too much UL performance. The consideration is that without gap, UEs may not be able to access the carrier due to the signals from other UEs multiplexed in the same subframe and as a result, RB resources are wasted, and with gap, UEs will not be blocked by signals from internal UEs but symbol resources need to be blanked and wasted. 
Since Cat 4 LBT is required when the following UL transmission ends beyond an existing MCOT, it is worth to note that different from 25µs LBT, a gap is always required even when a single UE is scheduled and there is no option for the design to do without a gap and the remaining symbols outside of the gap cannot be used by any UE so there is no such thing to compromise UL performance with gaps for Cat 4 LBT.
In summary, a fixed gap size of one symbol can be blanked for 25µs LBT and a variable gap size could be considered for Cat 4 LBT. 
Proposal 2:	It is proposed to support a fixed gap size of one symbol for 25µs LBT.   
				FFS: to support a variable gap size for Cat 4 LBT. 
2.3 Enhancements to UL LBT
25µs LBT is preferred only if it can be guaranteed that the total transmission duration will not be more than the initiated MCOT. 
2.3.1 Switched Cat 4 LBT due to new MCOT initiated by eNB
An enhancement was proposed in [3] that Cat 4 LBT could be switched to 25µs LBT either with new DL subframe detected or with signaling received which indicating that switch is permitted. Our view is that this enhancement based on DL subframe detection is unreliable and less efficient without knowing the MCOT remaining duration because the UEs are not aware how many subframes can have the Cat 4 LBT switched. 
The option based on signaling is preferred and with the related messages received, the UE knows the exact remaining duration of the current MCOT and can act more accurately. 
2.3.2 Postponed Cat 4 LBT due to failed LBT
From what is disclosed by ETSI BRAN, it is clear that time duration really used by transmission is counted in the MCOT and it is clearly pointed out under Table 7 and Table 8 that “pause duration is not included in the channel occupancy time.” [4] Due to the grant to transmission delay, LAA UL is already very vulnerable to be interrupted by a competing device. It is important to note that the fair coexistence between LAA and WiFi should be based on a system level evaluation rather than a comparison technique by technique. 
Since gaps larger than 25µs between transmissions in the same MCOT is not counted as transmission, it is reasonable to assume the subframes for which UEs did LBT but failed are also not a part of the MCOT. An example is given in Figure 1. 
For a frame, there are 4 DL subframes and 6 UL subframes which are allocated to only one UE and a DL LBT initiated a MCOT of 8ms. UE needs to finish a 25µs LBT before the UL transmission and if one 25µs LBT is failed, UE needs to wait until the gap of next subframe to do another 25µs LBT. 
Two cases are illustrated in Figure 1, Case 1 is that UE failed its first LBT and succeeded its second LBT so it starts UL transmission from subframe #5 and keeps transmitting without break until before subframe #9, and Case 2 is that UE succeeded its first LBT so it can start UL transmission from subframe #4 and keep transmitting until before subframe #8. For both cases, the total transmission duration is no more than the MCOT initiated by the eNB. UE can start another transmission after a successful Cat 4 LBT at the beginning of either subframe #9 for Case 1 or subframe #8 for Case 2. 
From the above discussion, the UL subframe which needs Cat 4 LBT can be postponed with gaps produced by failed LBTs. To consider a more complicated scenario with multiple UEs multiplexed in one subframe, it is important to make sure this subframe is not used by any UE before postponing a Cat 4 LBT. 
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[bookmark: _Ref449699103]Figure 1 Flexible Cat 4 LBT Positions
Proposal 3: It is proposed to exclude the subframes scheduled but not used by any UE from the MCOT and introduce signalling to support a flexible starting position of Cat 4 LBT. 
2.4 Signaling Considerations
Considering the UL Grant message is already oversized with other purposes like multi-subframe scheduling and LAA UL HARQ, the signaling for UL LBT parameters needs to be designed with extra care. 
Based on current agreements and the above discussions, the UL LBT signaling designs should address the following targets: 
1) To indicate the gap positions. 
As discussed above, there are two reasons to leave a gap, A) for LBT before a new UL transmission or B) for LBT to allow multiple UEs multiplexing and the reason A) is known by a UE and no signaling is required. Reason B) is common for all scheduled UEs and a method of bitmap could be considered to indicate all gap positions where multiple UEs are multiplexed. 
2) To indicate either 25µs LBT or Cat 4 LBT to the UEs. 
According to the above agreement, 25µs LBT can be used when the total transmission duration is no more than the obtained channel occupancy duration otherwise Cat 4 LBT needs to be used. We think the simplest way for signaling is to indicate a remaining duration of MCOT to all UEs as proposed in [5] and 25µs LBT can be used only within the remaining duration. 
3) To enable a flexible starting position of Cat 4 LBT. 
Maybe no new signaling is required for this target but the above information fields need to be considered together to support switching or postponing a Cat 4 LBT. 
A signaling example with above targets addressed is illustrated in Table 1. 
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	UL Subframe#
	4
	5
	6
	7
	8
	9

	Bitmap for Multiple UE Multiplexing
	0
	1
	0
	0
	0
	0

	UL Subframes Scheduled to UE1
	 
	 
	 
	 
	 
	 

	LBT Results
	X
	X
	
	V
	V
	

	Accounted in Transmission or Not?
	NO
	YES
	YES
	YES
	YES
	

	MCOT Remaining Duration (=4 initially)
	4
	3
	2
	1
	0
	

	LBT Procedure
	25µs
	25µs
	
	25µs
	
	Cat 4

	[Note]
	
	Scheduled Subframes
	X: failure LBT; V: successful LBT



Same as Figure 1, subframe#4 to #9 are used for UL and the MCOT remaining duration of 4ms is indicated by the eNB. Messages highlighted in blue are sent with common DCI, one message highlighted in green is sent with UL Grant and all others are not for signaling. 
SF#4 is indicated as a single UE subframe by the bitmap and scheduled to UE1 with UL Grant. As the MCOT remaining duration is bigger than 0 and a new transmission is to be started, UE1 knows 25µs LBT should be done in this subframe. The LBT failed so UE1 knows this subframe was not used by any UE and can be excluded from total transmission duration. The MCOT remaining duration is unchanged after SF#4.
SF#5 is indicated as a multi-UE subframe and scheduled to UE1 and one or more other UEs. Different from SF#4, UEs does not know if this subframe was used by any other UE(s) and it is safe to count it in the total transmission duration with the MCOT remaining duration reduced by 1. 
SF#6 is indicated as a single UE subframe but not scheduled to UE1. UE1 will assume this subframe as used by another UE and reduce the MCOT remaining duration by 1. 
SF#7 is indicated as a single UE subframe and scheduled to UE1. With a successful 25µs LBT, UE1 used this subframe for transmission and the MCOT remaining duration is reduced by 1ms (1ms left now).
SF#8 is indicated as a single UE subframe and scheduled to UE1. UE1 knows that the MCOT remaining duration is 1ms and no other UEs need to be multiplexed in this subframe so there is no gap and no LBT. 
SF#9 is indicated as a single UE subframe and scheduled to UE1. Since the MCOT remaining duration is 0, UE1 knows that a Cat 4 LBT must be done before the UL transmission. 
Same signaling as above can be sent with UL Grant and when they are sent to each specific UE, signaling size could be optimized, for instance, SF#6 is not scheduled to UE1 and it can be removed from the signaling sent to UE1. By following the above procedure, each UE can know where to leave a gap and which LBT procedure to use. 
Table 2 Signaling Example with UL Grant
	Bitmap for Multiple UE Multiplexing
	0
	1
	0
	0
	0

	UL Subframes Scheduled to UE1
	4
	5
	7
	8
	9

	LBT Results
	X
	X
	V
	V
	 

	Accounted in Transmission or Not?
	NO
	YES
	YES
	YES
	 

	MCOT Remaining Duration (=4 initially)
	4
	3
	1
	0
	 

	LBT Procedure
	25µs
	25µs
	25µs
	 
	Cat 4

	[Note]
	
	Scheduled Subframes
	X: failure LBT; V: successful LBT



In summary, we have the following proposals for signaling: 
Proposal 4: 	UL LBT signalling can include: 
· A separate gap allocation field to indicate all subframes with multiple UEs multiplexed
· A MCOT remaining duration field for UEs to select between 25µs and Cat 4 LBT
 
3	Conclusion
It is important to note that UL Grant size could be quite large with multi-subframe scheduling and UL HARQ supported and UL LBT related signaling could be considered as a common message to all subframes and/or to all UEs. LAA UL performance is already disadvantaged remarkably when compared with WiFi UL, LAA UL enhancements should be supported with priority.  
Based on the discussion in this and previous sections, we propose the following:   
Proposal 1:	It is proposed to indicate UEs the gaps allocation for multiple UE multiplexing purpose.   
				FFS: to be included in a common DCI or DCI format 0/4
Proposal 2:	It is proposed to support a fixed gap size of one symbol for 25µs LBT.   
				FFS: to support a variable gap size for Cat 4 LBT. 
Proposal 3: 	It is proposed to exclude the subframes scheduled but not used by any UE from the MCOT and introduce signalling to support a flexible starting position of Cat 4 LBT. 
Proposal 4: 	UL LBT signalling can include: 
· A separate gap allocation field to indicate all subframes with multiple UEs multiplexed
· A MCOT remaining duration field for UEs to select between 25µs and Cat 4 LBT
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