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1 Introduction

In RAN1#84, it was agreed that UL grant for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-carrier scheduling and self-carrier scheduling case with following options
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported

· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.

This contribution considers aspects of multi-subframe scheduling for eLAA.
2 Discussion on multi-subframe scheduling
In case of self-carrier scheduling, some subframes on LAA SCell could not be used for UL transmission when the number of DL subframe is less than the number of UL subframe. In this case, cross-carrier scheduling could be applied to utilize those unavailable UL subframes, capacity of DL control channel for a scheduling cell would be limited if large number of LAA SCells are required to be scheduled by the scheduling cell. Considering these aspects, it is beneficial to support multiple PUSCH transmissions scheduled by UL grant(s) in a subframe. That is, Option 1 and 2 could be considered as options for multi-subframe scheduling. 

For Option 2, UE expects to receive multiple UL grants in a subframe, it could increase additional UE complexity to decode multiple numbers of DCIs in a subframe if the number of UL grants to be monitored is different for each subframe. Therefore, it would be desirable that single UL grant in a subframe for a UE can schedule N PUSCH transmissions for the UE.
For Option 1, a single UL grant in a subframe can schedule N PUSCH transmission for the UE. The N PUSCH transmission could be consecutive or non-consecutive. For non-consecutive scheduling, it would be easy to enable multi-user multiplexing, but a UE may require multiple LBTs for each scheduled PUSCH transmission. For example, in case of N=2, eNB sends UL grant at subframe n to schedule multiple PUSCH transmissions for subframe n+4 and n+6. In this case, two UL LBTs for each scheduled subframe (i.e. subframe n+4 and n+6) might be required since the subframe n+5 is not occupied by the UE. In addition, it would require additional signaling bits (or bit map) to indicate each of N scheduled subframe for the UE. 
On the contrary, if consecutive N subframes are scheduled by a single UL grant, the number of LBTs and signaling overhead to indicate scheduled subframes could be minimized. For example, in case of N=2, eNB sends UL grant at subframe n to schedule multiple PUSCH transmissions from subframe n+4 to n+5. If there is no LBT gap assigned for N scheduled subframes, UE could occupy the channel continuously up to N subframes. Note that depending on LBT gap design for multi-subframe scheduling and SRS-only transmission, additional LBTs within the N scheduled subframes might be required for the UE. In addition, if N is fixed (e.g. 4), dynamic signaling to indicate N may not be required. If N could be configurable, scheduling flexibility and signaling overhead should be considered. 
Proposal 1: Single UL grant in a subframe for a UE can schedule N PUSCH transmissions for the UE in N consecutive subframes with single PUSCH per subframe
2.1 Considerations on multi-subframe scheduling

If multi-subframe scheduling is supported for LAA, some design considerations need to be studied to realize multi-subframe scheduling efficiently. For example, how many UL subframes (i.e. N) can be scheduled by a single UL grant should be defined. For scheduling flexibility with minimized signalling overhead, the N could be fixed to one specific value (e.g. 4) or configurable with the limited set of candidates (e.g. 1. 2, 4, 8). In this case, one or two bits to allow up to four set of consecutive subframes could be considered. 
In addition, it should be further studied that whether gaps for LBT are necessary for multi-subframe scheduling. From a UE perspective, no LBT gap between consecutive subframes is desirable to utilize a channel continuously once the UE occupies the channel. However, LBT gap for some subframes could be considered for multi-user multiplexing and SRS-only transmission. However, in this case, it seems not feasible to have several bits to indicate LBT gap for each of N scheduled subframes independently. In this case the LBT gap would be located in each subframe. To minimize DCI bits required for multi-subframe scheduling, some fields (e.g. MCS and resource allocation, etc) could be applied to all scheduled PUSCH transmission while some other fields (e.g. aperiodic SRS) could be transmitted in a subframe (e.g. first subframe) within the scheduled subframes. Note that further study would be required how TPC command could be applied for multiple PUSCH transmissions. One possible approach is to apply the same TPC to all scheduled PUSCH subframes. If it is accumulated TPC, UE does not need to adjust the PUSCH power subframe by subframe. 
For the HARQ process, we can consider a single or multiple HARQ processes for multi-subframe scheduling. If multiple HARQ processes are supported, uplink resource could be utilized more efficiently than a single process if UE could occupy the channel more than one subframes. In this case, however, the numbers of additional bits in the UL grant would be required to indicate HARQ process number and redundancy version for each process. On the contrary, for a single HARQ process, repeated PUSCH transmissions for available subframes could be considered to increase reliability of UL transmission if DCI for multi-subframe scheduling is not enough to include multiple HARQ processes. 

Proposal 2: Further studies should be required for details of multi-subframe scheduling with consideration of complexity, efficiency, and flexibility
3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal 1: Single UL grant in a subframe for a UE can schedule N PUSCH transmissions for the UE in N consecutive subframes with single PUSCH per subframe
Proposal 2: Further studies should be required for details of multi-subframe scheduling with consideration of complexity, efficiency, and flexibility.
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