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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]UL transmission from each UE is likely to be subjected to LBT as DL transmission, thus unpredictable results of UL LBT would make a direct challenge to current eNB-centric scheduling which is sent at least 4 ms earlier. In this contribution, we will discuss the UL scheduling and transmission methods that would meet the LBT requirement.

UL transmission subjected to both LBT and scheduling
As a LTE-based evolution at unlicensed spectrum, LAA would try to inherit the feature currently used at licensed spectrum which would also reduce the standardization effort. Specific to UL transmission, FDMA and TDMA could be supported by eNB centric scheduling. Different with LTE, distributed coordination which is difficult to support efficiently UL multiplexing either in frequency domain or time domain has been mainly adopted at Wi-Fi (i.e. 802.11 series). Therefore, we further discuss the behaviour based on eNB centric scheduling.
Regarding when and where to send, the UL transmission especially for data transmission would follow eNB scheduling as well as LBT result. In this sense, UL data transmission (i.e. PUSCH) can be sent only in eNB scheduled time-frequency resource if LBT succeeds at UE before transmission start. Currently one PUSCH is scheduled only at one subframe, so multiple UEs could be scheduled at same subframe to support FDMA/CDMA/SDMA or scheduled at different subframes to support TMDA.
Proposal 1: PUSCH would be sent only in the scheduled subframe after LBT succeeds.

[bookmark: _GoBack]One drawback of eNB scheduling with UL LBT is that the UL grant is sent 4 ms minimum before the scheduled subframe up to release 12while LBT might be failed at scheduled subframe. To increase the possibility of LBT success during the scheduled subframe, allowing multiple candidate starting positions of PUSCH as PDSCH (e.g. partial TTI or floating TTI) during one subframe [1] is helpful. Considering the subsequent impact by floating TTI which is unknown among UEs, partial TTI is more suitable for UL transmission supporting multi-user multiplexing.
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Figure 1 PUSCH with multiple candidate starting positions
Proposal 2: PUSCH could start at multiple candidate positions within the scheduled subframe but end always at the ending subframe boundary of scheduled subframe.
Similar to DL transmission discussion, limited number of candidate positions could strike a well balance between transmitter complexity and channel access performance. Complexity for preparing PUSCHs with multiple lengths is more sensitive to battery powered UE, thus 2 candidate starting positions at slot boundary are preferred. Another benefit of slot-boundary started PUSCH is that it is possible to reuse the current RE mapping and TBS determination modified from intra-subframe frequency hopping. One example for even number of RB allocation is shown in Figure 2. The one slot length PUSCH with N RBs (even number) is first prepared as normal PUSCH with 2 slots and N/2 RBs in intra-subframe frequency hopping manner, and then two parts of PUSCH with 1 slot length are combined.

[bookmark: _Ref430949447]Figure 2 PUSCH with 1 slot length generated from intra-subframe frequency hopping
Proposal 3: PUSCH starting at slot boundary is suggested from both standardization effort and UE complexity points of view.
Conclusion
In this contribution, we discussed the UL scheduling and transmission in LAA and had following proposals:
Proposal 1: PUSCH would be sent only in the scheduled subframe after LBT succeeds.
Proposal 2: PUSCH could start at multiple candidate positions within the scheduled subframe but end always at the ending subframe boundary of scheduled subframe.
Proposal 3: PUSCH starting at slot boundary is suggested from both standardization effort and UE complexity points of view.
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