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1. Introduction

In RAN1#84bis 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:
· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 

· Value(s) of N is FFS

· Value N is either semi-statically configured or hard-coded, to be further decided

· DCI format(s) will have the following scheduling information types:

· Type A: common to all the scheduled subframes (appearing only once in a DCI)

· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index

· Type B: subframe specific information (appearing N times for N subframes scheduling)

· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)

· CSI request, SRS request, TPC

· Note: there are maybe other information fields in DCI, to be decided later

Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH
Agreement:

· Confirm the working assumption

· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)

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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