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1. Introduction

In RAN1#84 meeting, the LAA scheduling scheme has been discussed [1].  It is agreed that multiple-subframe scheduling and flexible timing between UL grant and UL transmission should be supported:
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.

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
In this contribution, we discuss the multiple-subframe scheduling scheme for LAA UL transmission, including the consecutive and non-consecutive scheduling scheme and the timing between the UL grant and UL transmission.
2. LAA UL scheduling scheme

In LTE, all the transmissions are controlled by eNB. Therefore, the UL transmission involves two steps, the transmission of the UL grant by eNB and the transmission of the UL data by UE. In LAA, there is no fixed frame structure as in LTE. The number of DL subframes and the number of UL subframes vary due to the different traffic load. The UL burst may be much longer than the DL burst if the UL traffic is much heavier than the DL traffic. Therefore, the most intuitive way is to schedule multiple UL subframes with one DL subframe. The scheduled UL subframes can be either consecutive or non-consecutive. For example, as shown in Figure 1, 4 DL subframes need to schedule 6 UL subframes. If the UL subframes are scheduled by the DL subframes with delay n+k (k = 4), only subframe 4, 5, 6, and 7 can be scheduled. In order to schedule subframe 8 and 9, we should enable the multiple-subframe scheduling capability and let subframe 0 and 1 schedule with delay n+2k. In addition, consecutive scheduling can also be applied as shown in Figure 2. The UL grants from subframe 0 and 1 will schedule the UL subframes 4, 5, and 6, 7, respectively.  The UL grants from subframe 2 and 3 will schedule UL subframe 8 and 9, respectively. However, taking into account the complexity, the non-consecutive scheduling is preferred.
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Figure 1: Non-consecutive scheduling
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Figure 2:  Figure 1: Consecutive scheduling

Proposal 1: One DL subframe should be able to schedule multiple UL subframes, and non-consecutive scheduling is preferred.
3. Timing for UL scheduling
The LBT schemes for UL LAA transmission have been discussed in Rel. 13. Different LBT schemes result in different gaps between the DL burst and UL burst. Category 4 LBT may lead to a relative longer gap due to the backoff time. Furthermore, the channel may be occupied by other nodes or RATs during the backoff time. If the channel is occupied after the DL transmission by other nodes, the gap may last for a MCOT of other nodes. Therefore, the timing between the UL grant and the UL transmission may be longer than 4 ms. In addition, as shown in Figure 1 and 2, in order to support multiple-subframe scheduling, timing between the UL grant and the UL transmission may vary. In Figure 1, we have n+k and n+2k, in Figure 2, we have n+k, n+k+1 and n+k+2. Therefore, Flexible timing between UL grant and UL transmission should be supported.
Proposal 2: Flexible timing between UL grant and UL transmission should be supported.
4. Conclusion

In this contribution, we discussed the scheduling scheme of UL transmission in LAA: 

Proposal 1: One DL subframe should be able to schedule multiple UL subframes, and non-consecutive scheduling is preferred.
Proposal 2: Flexible timing between UL grant and UL transmission should be supported.
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