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1 Introduction
In RAN1#84bis, the following was agreed to indicate PUSCH structure in the scheduled UL subframe [1].
Agreements:
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted from 

· Start of DFTS-OFDM symbol 0 or

· Start of DFTS-OFDM symbol 1

· FFS: Within DFTS-OFDM symbol 0

· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted up to OFDM symbol 13 or OFDM symbol 12

· Any combination of above options can be enabled by the dynamic signaling

This contribution considers aspects of PUSCH design for single and multi-subframe scheduling.
2 Remaining issues on PUSCH design
2.1 PUSCH transmission from within the symbol

In RAN1#84bis meeting, it was discussed whether PUSCH transmission starts from within the blanked symbol needs to be supported to enable PUSCH transmission after completion of UL LBT. For Cat 4 UL LBT, the completion time of UL LBT could be different among scheduled UEs in a subframe if UEs select the random backoff counter independently. In this case, if one UE completes its LBT earlier and starts PUSCH transmission before another UE who still performing CCA check on the channel, inter-UE blocking would be incurred. To alleviate the inter-UE blocking issue, it was also discussed that the random backoff counter is selected by eNB and signalled to the scheduled UEs to align LBT completion time among scheduled UEs. Since the scheduled UEs have the same back-off counter, the UEs could finish UL LBT at the same time. However, interference condition around UEs is different, LBT may not be completed at the same time even with the same backoff counter. Therefore, if PUSCH transmission within the uplink symbol is supported to occupy the channel right after completion of UL LBT, it would increase the possibility of inter-UE blocking in a UL subframe. 
Observation 1: PUSCH transmission within the DFTS-OFDM symbol 0 may increase the possibility of inter-UE blocking in a UL subframe

In addition, setting aside the obvious increased implementation complexity at both eNB and UE side to detect and transmit PUSCH from within the symbol, it is not clear how much performance gain (or even loss) would be observed if such new PUSCH transmission is introduced. Considering the limited time of this WI, it is preferred that PUSCH transmission from within the symbol should not be supported.
Proposal 1: PUSCH transmission from within the DFTS-OFDM symbol 0 should not be supported for eLAA.
One possible way to mitigate inter-UE blocking problem is to introduce the self-defer to align the transmission time to some extent. That is, the UL transmission time is fixed to the UL symbol or subframe boundary, and UE need to do self-defer and perform a final sensing right before the UL subframe boundary if UE finishes LBT earlier. However, the inter-UE blocking may still exist if PRACH UE and PUSCH UE are scheduled in the same subframe, because of different transmission timing (i.e., DL timing for PRACH and UL timing for PUSCH). The mechanism to align these UEs is shown in [2].
Proposal 2: For the case of Cat-4 LBT, self-defer until the UL subframe boundary could be applied to alleviate the inter-UE blocking. 

2.2 Start/end PUSCH symbol for multi-subframe scheduling
In the RAN1#84bis meeting, it was agreed that eNB would dynamically indicate starting and/or ending symbol for PUSCH in a UL subframe to the scheduled UEs. During the blanked symbol, either DL or UL LBT could be performed. There are following 4 different combinations as depicted in Figure 1 can be enabled for PUSCH transmission and changed by dynamic signalling so that 2bits would be signalled to UE by a UL grant to indicate structure of the scheduled PUSCH.
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Figure 1 Combination of PUSCH structure for eLAA
For multi-subframe scheduling, indicating starting and/or ending symbol of PUSCH per subframe could be considered to provide flexibility of multiplexing UEs with different length of UL transmission (e.g. multiplexing between single subframe scheduled UE and multiple subframe scheduled UE). In addition, if there is additional gap within the scheduled subframes, it would be beneficial to UE since there is additional LBT opportunity when the UE fails its LBT for the first subframe. However, it is not clear whether introducing additional gap for multi-subframe scheduling is beneficial for all cases. Because it could be possible that the UE who succeeds its LBT for the first subframe can fail UL LBT if there is a gap within the scheduled subframes.
Observation 2: If additional gap is introduced for multi-subframe scheduling, the UE who succeeds its LBT for the first subframe can loss the channel by other nodes.

In addition, if maximum CW size for Cat 4 LBT is larger than 6, one symbol gap may not be enough to finish UL LBT. In this case, combination (c) or (d) may be necessary to provide enough CCA gap (e.g. two consecutive blanked symbols) to UE with large back-off counter, which would require significant signaling overhead. For example, assuming N consecutive subframes are scheduled by a UL grant, at most 2N bits would be required to indicate one of above combinations for each scheduled subframe. To minimize signaling overhead, additional gap at the predefined (e.g. middle of scheduled subframes) or RRC configured position could be considered, but it is still unclear how much gain we could achieve without flexibility. Considering pros and cons on additional gap for multi-subframe scheduling, it is desirable that indication of start and/or end symbol of PUSCH should be applied per grant rather than per subframe. Figure 2 is an example of per grant based start and end symbol of PUSCH. Note that if UE fails its LBT for the first subframe but succeed LBT in one of following subframes, UE could assume that start/end symbol of PUSCH and HARQ process ID for the occupied subframe is the same as assigned by UL grant.
Proposal 3: For multi-subframe scheduling, indication of start and/or end symbol of PUSCH should be applied per grant rather than per subframe. 
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Figure 2 Per grant indication of start/end symbol for scheduled PUSCHs

3 Conclusion

Based on the discussion above, we have the following proposals:
Proposal 1: PUSCH transmission from within the DFTS-OFDM symbol 0 should not be supported for eLAA.
Proposal 2: For the case of Cat-4 LBT, self-defer until the UL symbol/subframe boundary could be applied to alleviate the inter-UE blocking.
Proposal 3: For multi-subframe scheduling, indication of start and/or end symbol of PUSCH should be applied per grant rather than per subframe. 
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