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Introduction
During the RAN1 #84 meeting, the first RAN1 meeting after RAN #70 when the work item on enhanced LAA was approved, the following agreements have been made [1].
Agreement:
•	For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
–	Working assumption: The minimum latency is 4ms
Agreement:
•	In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
–	FFS: Detail
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

In e-mail discussion [84-16], the LBT procedure for UL transmissions which follow a DL burst was further discussed. Whether to have different LBT procedures depending on the situation and how to differentiate them is still FFS. In this contribution, we further discuss the details of the LBT procedure for UL transmission with a focus on PUSCH.  
Discussions
In Rel-13 LAA [2], the concept of Maximum Channel Occupancy Time (MCOT) was introduced from the viewpoint of fair coexistence over the unlicensed band. It can be extended to DL DL&UL TXOP and UL-only TXOP. 
UL LBT design for DL&UL TXOP
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Fig.1 Self-TXOP option and cross-TXOP option for self-carrier scheduling
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Fig. 2 Mean UL UPT of the self-TXOP option and the cross-TXOP option


As for a DL&UL TXOP, the MCOT is defined from the start of a DL burst, the UL transmissions following the DL burst may be from a single UE or multiple UEs. Those UL transmissions may be multiplexed in the time domain and/or frequency domain. As discussed in the email discussion [84-16], most companies agree that it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and start UL transmission if the total duration from the start of the preceding DL transmission to the end of the intended UL transmission is less than the MCOT. As shown in Fig. 1, two options can be considered for this operation. The first option uses the self-carrier & self-TXOP scheduling, the second option uses self-carrier & cross-TXOP scheduling. 
In last RAN1 meeting, we presented the simulation results for these two options in our contribution [3]. Here Fig. 2 shows a graph based on the simulations result from that previous contribution [3]. The ratio of offered traffic is DL:UL = 80:20. The simulation conditions align with the agreed working assumption that the minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is 4ms. It can be seen that the self-TXOP option actually gives LAA worse UL UPT performance than Wi-Fi while the cross-TXOP option gives LAA comparable performance with Wi-Fi. The difference comes from the length of the gap between the DL burst and the following UL transmission in the same TXOP. The length of the gap can be varied from about 140us (2 OFDM symbols) to about 3140us for self-TXOP option, whereas the length of the gap for cross-TXOP option is up to about 780us (11 OFDM symbols). A larger gap means a higher possibility that an UL transmission is abandoned due to an earlier transmission from a neighbouring network. In the case of the self-TXOP option, a large gap occurs when the eNB schedules UL transmission where there is little or no DL traffic. Cross-TXOP option can effectively reduce such a large gap. The mechanism to reduce the gap in the cross-TXOP option is that the transmission timing of PUSCH is determined based on the timing of the preceding DL burst (not the DL burst containing the corresponding UL grants). 

Observation 1: 
Cross-TXOP scheduling can significantly improve performance of LAA UL in the case that the eNB has no DL traffic, whereas UL transmission is to be scheduled.

Proposal 1: 
Support cross-TXOP scheduling in addition to self-TXOP scheduling for LAA UL.
· In cross-TXOP scheduling, the transmission timing of PUSCH is specified based on the timing of the preceding DL burst in order to efficiently reduce the gap between the DL burst and the following UL transmissions.
UL LBT design for UL-only TXOP
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Fig. 3 UL-only TXOP

According to the email-discussion [84-16], while it is agreeable that a single 25us LBT is used to access the channel for an UL transmission which fits into a DL&UL TXOP, further discussions are needed for UL transmissions outside of any DL&UL TXOP. One concern could be that one network may be able to continue to occupy a channel and block another network from transmitting for a certain period, e.g. more than 10ms. From the viewpoint of coexistence, it is preferable not to allow such blocking which is caused by UL transmissions with a single 25us LBT all the time. Two options can be considered to resolve this problem.
The first option is shown as Fig.3. Each UL transmission inside a UL-only TXOP can use a single 25us LBT for channel access. The length of a UL-only TXOP must be shorter than the MCOT. In order to better share the channel with other neighbouring networks, a certain blank period, e.g. >=0.5 ms, is inserted before the UL-only TXOP which follows a TXOP which ends with UL transmission.
The second option is to use LBT with a longer listen period for each UL transmission. One good candidate could be the following scheme which is discussed in e-mail discussion [82-06], 
· 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 of X={3, 4, 5, 6, 7}, respectively.

Proposal 2: 
For better coexistence with neighbouring networks, study the following two options for the channel access procedures for UL-only TXOP
· Option1: Each UL transmission inside a UL-only TXOP can use a single 25us LBT to access the channel. In order to better share the channel with neighbouring networks, a certain blank period, e.g. >= 0.5ms, is inserted before any UL-only TXOP which follows a TXOP which ends with UL transmission. 
· Option 2: Each UL transmission inside a UL-only TXOP uses a short category 4 LBT scheme to access the channel.



Conclusions
This contribution discussed channel access framework for LAA UL. The observations and proposals are summarized as follows,

Observation 1: 
Cross-TXOP scheduling can significantly improve performance of LAA UL in the case that the eNB has no DL traffic whereas UL transmission is to be scheduled.

Proposal 1: 
Support cross-TXOP scheduling in addition to self-TXOP scheduling for LAA UL.
· In cross-TXOP scheduling, the transmission timing of PUSCH is specified based on the timing of the preceding DL burst in order to efficiently reduce the gap between the DL burst and the following UL transmissions.

Proposal 2: 
For better coexistence with neighbouring networks, study the following two options for the channel access procedures for UL-only TXOP
· Option1: Each UL transmission inside a UL-only TXOP can use a single 25us LBT to access the channel. In order to better share the channel with neighbouring networks, a certain blank period, e.g. >= 0.5ms, is inserted before any UL-only TXOP which follows a TXOP which ends with UL transmission.
· Option 2: Each UL transmission inside a UL-only TXOP uses a short category 4 LBT scheme to access the channel.
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