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1. Introduction

In RAN#70 meeting, the work item on enhanced LAA for LTE was approved [1].  The objective of the work item is to specify UL support for LAA SCell operation in unlicensed spectrum. The detailed objectives of the work item related to RAN1 are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4, RAN1]

In this contribution, we study the scheduling schemes in LAA with LBT when UL transmission is included. The scheduling timing for different DL and UL burst length will be discussed.
2. LBT schemes for UL LAA
The LBT schemes for UL LAA transmission have been discussed in Rel. 13. Since the UL transmission involves two steps, i.e. the transmission of UL grant and the transmission of UL data/PUCCH, scheduling from self carrier or cross carrier may result in different LBT requirements. The approved UL LBT schemes in Rel. 13 are as follows:
Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT

Different LBT schemes result in different gaps the between DL burst and UL burst. Category 4 LBT discussed above may lead to a relative longer gap due to the backoff time. In addition, 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. Therefore, the scheduling delay may be longer than 4 ms.
Proposal 1: The scheduling timing for UL transmission may vary due to different burst length.
3. UL scheduling scheme
In LTE, all the transmissions are controlled by eNB. Therefore, the UL transmission involves two steps. In LAA, there is no fixed frame structure as in LTE. Therefore, 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. In legacy releases, usually one DL subframe schedules one UL subframe. This scheme may not work in LAA. Therefore, the most intuitive way is to schedule multiple UL subframes with one DL subframe. For example in self-scheduling case, 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.
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Figure 1: UL scheduling in LAA

Proposal 2: One DL subframe should be able to schedule multiple UL subframes.
4. Conclusion

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

Proposal 1: The scheduling timing for UL transmission may vary due to different burst length.
Proposal 2: One DL subframe should be able to schedule multiple UL subframes.
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