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Introduction
In Rel-13 LAA [1], the concept of Maximum Channel Occupancy Time (MCOT) was introduced from the viewpoint of fair coexistence over the unlicensed band. During the RAN1 #84bis meeting an agreement on extending the concept of MCOT to DL&UL TXOP has been made as follows [1],
· 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
o	FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
o	FFS the […] part


In the same meeting, the working assumption about the minimum latency of 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) has been confirmed. In this contribution, we discuss some further details on the transmission of PUSCH and its UL grant based on above agreements.
Discussions
Self-TXOP scheduling and cross-TXOP scheduling
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 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. 
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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

In RAN1 #84 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 grant only transmission
PUSCH performance depends largely on transmission opportunity of PUSCH and its UL grant. UL grant only transmission may not need to be restricted by Rel-13 LAA design while it is reasonable to have the UL grant accompanied by PDSCH follow that. In Rel-13 LAA, there are only two timings, either symbol #0 or symbol #7, to start to transmit initial (partial) subframe of a DL burst due to the consideration on UE complexity. Here, the complexity was not only from PDCCH decoding but also PDSCH decoding. UL grant only transmission is needed when there is no downlink traffic. To further increase the opportunity of channel access, it might be worth considering the increase on the possible timing to start UL grant only transmission. 

Proposal 2: 
Investigate the possibility to increase transmission opportunity of UL grant which is not accompanied by PDSCH to more than two times in a subframe.

Conclusions
This contribution discussed the design on the transmission of PUSCH and its grant. 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: 
Investigate the possibility to increase transmission opportunity of UL grant which is not followed by PDSCH to more than two times in a subframe.
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