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1. Introduction 
In RAN1#84, following agreements on UL LBT were made: 

	Agreements:
•        Support UL LBT based on a Cat-4 channel access procedure.
•        Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
•        FFS: Condition and restriction on when these options are used



	Agreement:
•      For cross-carrier scheduling, when 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 procedures 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 backoff 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


According to Release 13 LAA design, a transmission burst is led by DL subframes, which may be followed by UL subframes within MCOT limit. In general, UL PUSCH transmission can be present within or outside MCOT. 
· UL transmission within MCOT: In this option, transmission of UL subframes are within the transmission burst limited by the MCOT led by possibly one or more DL subframes. Before the transmission of the DL subframes, the eNB shall perform Cat-4 LBT. LAA SCell UL subframes are scheduled via UL grant sent by self-scheduling or cross-carrier scheduling. Example scenarios include: 
(1) eNB schedules UE within the same MCOT with four subframe latency between UL grant and corresponding PUSCH transmission.
(2) eNB schedules UE for the next MCOT via cross-burst scheduling without fixed timing relationship between UL grant and PUSCH transmission. This option corresponds to the option 2 of cross-burst scheduling described in our companion contribution [2]. eNB indicates the start of the next MCOT via CPDCCH after performing Cat 4 LBT.  
· UL transmission outside MCOT: In this option, transmission of UL subframes occurs outside of the eNB initiated transmission burst. UL subframe may not be followed by DL subframe. Example scenarios for this situation include: 
(1) eNB schedules UE for the next MCOT via cross-burst scheduling with fixed timing relationship between UL grant and PUSCH transmission. This option corresponds to option 1 of cross-burst scheduling described in our previous contribution [2].  
(2) eNB schedules UE via cross-carrier scheduling by transmitting UL grant on the PCell without performing LBT at the eNB. 
In this contribution, we discuss details of the UL LBT for PUSCH transmission in relation to the above two scenarios. 
2. LBT for PUSCH transmission within MCOT
2.1. UL LBT design options: 
As it was agreed in Release 13, the following two options can be considered for UL LBT for self-carrier scheduling or for cross-carrier scheduling when the eNB performed LBT on the scheduled LAA SCell before sending UL grant on the licensed PCell.
· Single interval LBT: A CCA duration of at least 25 μs before the transmission burst.
· Lightweight Cat 4 LBT: A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 μs followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}.  
In Figure 1, we illustrate an overview of the UL LBT execution on LAA SCell for PUSCH transmission within MCOT.  A symbol before the PUSCH transmission is blanked for performing UL LBT. As illustrated, a UE who is not currently in transmission, is required to perform LBT before the transmission.  


Figure 1. Overview of UL LBT on LAA SCell
In [1], based on the system level performance evaluation, it is observed that both single interval LBT and lightweight category 4 LBT provide comparable performance. Single interval LBT is a preferred solution as it can reduce operational control overhead compared to Cat 4 LBT. For Cat 4 LBT option, additional control signaling is required to align transmissions between UEs who may finish their LBT at different instances. For instance, the signaling of LBT parameters such as contention window is needed for operation of Cat 4 LBT. However, in case of single interval LBT, UE can perform LBT without additional signaling for LBT parameters. We thus draw the following proposal.
Proposal 1: We propose to adopt the single interval LBT as the single option for UL transmission within a transmission burst satisfying MCOT limit.
2.2. Symbol blanking for UL LBT: 
The following two options can be considered as the potential symbol position for UL LBT.
· Symbol #0 of the current subframe. 
· Symbol #13 of the previous subframe.
Figure 2 below illustrates the operation of UL LBT according to each option.



(a) Option 1: symbol #0 for UL LBT


(b) Option 2: symbol #13 for UL LBT
Figure 2. UL LBT operation according to different symbol position
There are issues associated with option 2 as described below. 
1. According to the Release 13 LAA design, it can be interpreted that the partial subframe based on DwPTS is only applicable for the ending DL subframe, which has to be indicated one subframe earlier. Thus, if symbol #13 is used for UL LBT, at least the first two subframes always need to be configured as DL subframes. This limits the flexibility of configuring DL/UL subframes within a transmission burst.
2. When the eNB schedules UEs for subframe n, it needs to know one subframe ahead whether any new UE will be scheduled in subframe n+1 in order to indicate the UEs scheduled for subframe n to appropriately truncate their UL subframe. This will increase eNB’s scheduling complexity.
Based on the above discussion, we draw the following proposal. 
Proposal 2: Symbol #0 is used to create UL LBT gap.
2.3. Indication of the LBT gap: 
Following two options can be considered for the presence of the LBT gap. 
· Option 1: First symbol of the PUSCH transmission is always used for UL LBT. For every PUSCH transmission, UE should always rate match around the first symbol.
· Option 2: Alternatively, eNB can indicate if the PUSCH subframe is blanked dynamically. If the same set of UEs continues to transmit over multiple UL subframes, UL LBT other than the very first one may be skipped. The presence of LBT gap needs to be signaled by the eNB. In this option, before PUSCH transmission, UE is required to perform LBT even if the UL grant indicates no LBT. The eNB needs to perform blind detection to determine whether the first symbol is blanked or not. 
In typical scenario, same UEs are contiguously scheduled by eNB within a burst as same UEs remain active within a scheduling region of 4-8ms. With option one, there is always at least 7% efficiency loss (1 symbol out of 14 for UL LBT gap) in every PUSCH transmission. With option 2 with additional 1 bit signalling overhead, the UL efficiency loss can be minimized. 
Proposal 3: 
· The presence of UL LBT gap is indicated by UL grant.
· UE can override no-blanking command in UL grant, if the LBT performed at the previous attempts was unsuccessful.  



2.4. ED threshold: 
ED threshold value for UL LBT should abide by regulatory requirements. The ED threshold for DL LBT agreed in Release 13 not only meets the regulatory requirements but also ensures fair coexistence with incumbent system. We thus draw the following proposal.
Proposal 4: We propose that the ED threshold rule for UL LBT is the same with that for DL LBT.
3. LBT for PUSCH transmission outside MCOT
In principle, following three options can be considered for UL LBT before PUSCH transmission outside MCOT. 
· Option 1 (Single interval LBT): A CCA duration of at least 25 μs before the transmission burst.
· Option 2 (Higher priority category 4 LBT): UE performs Cat 4 LBT with smaller contention window.
· Option 3 (Regular category 4 LBT): UE performs Cat 4 LBT with LBT parameters that correspond to the traffic type of PUSCH transmission. 
UE can be scheduled outside MCOT under following scenarios:
· Scenario 1 (Cross-burst scheduling with explicit timing relationship): eNB schedules UE on the subframes that are not limited by the current MCOT. 


Figure 3: Illustration of UE scheduling outside MCOT via cross-burst scheduling
· Scenario 2 (Cross-carrier scheduling): eNB can schedule UE on LAA SCell via transmission of UL grant on PCell without performing LBT at eNB as shown in Figure 4.  


Figure 4: Illustration of UE scheduling outside MCOT via cross carrier scheduling
Fair co-existence with Wi-Fi is the key design target of LAA. In scenario 1 and scenario 2, as eNB has not completed Cat 4 LBT for the cross-burst or cross-carrier scheduled UL subframes, it is expected that UE should perform Cat 4 LBT. Thus, option 1 is ruled out. In Wi-Fi, for UL transmission, STA performs CAT 4 LBT that corresponds to traffic type. Thus, given a similar situation, UE should perform Cat 4 LBT, i.e. option 3 with the LBT parameters that correspond to the traffic type of the PUSCH transmission. 
As a specific example, consider a scenario consisting of one AP and one eNB serving UL only traffic for one STA and one UE scheduled via cross-carrier scheduling. eNB does not perform LBT before transmission of UL grant. If UE performs higher priority LBT than STA with smaller contention window values, LAA cannot fairly co-exist with Wi-Fi. Based on this observation, we propose that:
Proposal 5: All UEs scheduled outside MCOT should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. 
UE is expected to perform Cat 4 LBT and the parameters for the Cat 4 LBT to be used are based on the priority class associated with the traffic to be sent on PUSCH. As the eNB may be outdated on the UE’s buffer status, the exact traffic type to be sent on each PUSCH may not be known exactly at the eNB a priori. Thus, it is rational that each UE autonomously updates the contention window based on errors in PUSCH transmission using the RV version indicated by the UL grant. 
Following the above design principle, for cross-carrier scheduling, maximum contention window size for UL can be larger than DL category 4 LBT depending on the traffic type to be sent on PUSCH. Similarly, maximum contention window size for UL transmission via cross-carrier scheduling can be larger than contention window for the self-carrier scheduled UL, if the UL grant is sent on the licensed PCell without performing LBT on LAA SCell. Note that, for the case within MCOT, single interval LBT will be performed by UEs.  
Proposal 6:  For cross-carrier scheduling, when an LBT operation is not performed on the SCell before sending UL grant on the scheduling cell,  
· UL maximum contention window size may not be smaller than that for DL category 4 LBT.
· UL maximum contention window size may not be smaller than that for self-carrier scheduled UL.
· The contention window size is maintained at each UE and the random backoff counter generated locally at each UE. 
As a UE is unaware of being scheduled within or outside MCOT, the UE needs to be signalled about the type of LBT to be performed at the UE. For instance, the eNB signals that UE should perform single interval LBT if it is within MCOT or CAT 4 LBT if eNB schedules UE outside MCOT. 
Proposal 7: eNB indicates the type of LBT (single interval or CAT 4 LBT) to be performed before PUSCH transmission. 
There should be no distinction on the ED threshold for UL depending on whether the UL transmission is within or outside MCOT. 
4. Conclusions
In this contribution, the remaining design details on UL LBT were discussed from various aspects and the following proposals were made. 
Proposal 1: We propose to adopt the single interval LBT as the single option for UL transmission within a transmission burst satisfying MCOT limit.
Proposal 2: Symbol #0 is used to create UL LBT gap.
Proposal 3: 
· The presence of UL LBT gap is indicated by UL grant.
· UE can override no-blanking command in UL grant, if the LBT performed at the previous attempts was unsuccessful.  
Proposal 4: We propose that the ED threshold rule for UL LBT is the same with that for DL LBT.
Proposal 5: All UEs scheduled outside MCOT should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic type to be sent on PUSCH. 
Proposal 6:  For cross-carrier scheduling, when an LBT operation is not performed on the SCell before sending UL grant on the scheduling cell,  
· UL maximum contention window size may not be smaller than that for DL category 4 LBT.
· UL maximum contention window size may not be smaller than that for self-carrier scheduled UL.
· The contention window size is maintained at each UE and the random backoff counter generated locally at each UE. 
Proposal 7: eNB indicates the type of LBT (single interval or CAT 4 LBT) to be performed before PUSCH transmission. 
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