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1 Introduction

In RAN1#84bis meeting, followings are agreed on multi-subframe scheduling of eLAA [1].
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

Agreements:

· MSF(multi-subframe scheduling) DCI at least includes the following information (in addition to previous agreements)
· Scheduled subframes per MSF
· FFS: details of how to decide/indicate scheduled subframes
· common MCS value for all the scheduled subframes
· UL TPC per MSF
· UL TPC applies for all subframes non-cumulatively in both accumulated and absolute modes
· SRS triggering per MSF
· Starting PUSCH DFT-S-OFDM symbol
· FFS for details
· Ending PUSCH DFT-S-OFDM symbol
· FFS for details
· Subframe timing for PUSCH transmission
· FFS for details
· FFS: LBT type (e.g., 25us LBT or Cat4 LBT, CWS, etc.)
· FFS: details of signaling (e.g. joint coding to reduce the number of bits) for the above information

In this contribution, we discuss remaining details of multi-subframe scheduling for eLAA.
2 Discussion on multi-subframe scheduling for eLAA
□ Maximum number of subframes scheduled by multi-subframe scheduling

In ETSI EN 301 893 draft, maximum channel occupancy time 6ms is allowed [2]. Considering 1 DL SF with possible reservation signal or followed partial DL SF or possible gap which counted as channel occupancy, the maximum number of subframes which could be scheduled by multi-subframe scheduling (MSF) would be 4. 
Proposal1: The maximum number of subframes scheduled by MSF is 4

□ Configuration of MSF detection

MSF is designed to support UL traffic heavy case. However, the situation will not occur frequently, thus using SSF will be enough for general case. If MSF is used for every single subframe scheduling, it will be inefficient. Therefore, it would be beneficial to RRC configure to detect SSF or MSF depends on the situation.
Proposal2: RRC configuration for MSF detection is supported

□ Multiplexing of UEs scheduled by SSF and MSF

To provide flexibility for eNB’s scheduling, multiplexing of UEs scheduled by SSF and MSF are allowed. In addition, if some UEs are in UL heavy case while other UEs are in general case, it would be better to the former UEs scheduled with MSF and the latter UEs scheduled with SSF. Therefore, multiplexing of UEs scheduled by SSF and MSF should be supported.

Proposal3: Multiplexing of UEs scheduled by SSF and MSF are supported.

□ Starting and ending PUSCH DFT-S-OFDM symbol
To support multiplexing of UEs scheduled by SSF and MSF, functionality to make a sensing gap for every SF scheduled by MSF needs to be supported. Therefore, starting and ending PUSCH DFT-S-OFDM symbol needs to be indicated per subframe. 
Proposal4: Starting and ending PUSCH DFT-S-OFDM symbol is indicated per SF.
□ Scheduled SFs per MSF and SF timing for PUSCH transmission.
SF timing for the first PUSCH transmission is indicated by offset value for minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). The maximum offset value should be discussed further. Considering LBT requirement, supporting of non-consecutive multiple subframe scheduling by MSF is not beneficial. Therefore, scheduled SFs per MSF are consecutive SFs starting from the SF timing for the first PUSCH transmission which indicated. 
Proposal5: SF timing for the first PUSCH transmission is indicated by offset value from the minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). 
Proposal6: MSF schedules consecutive K subframes starting from the first scheduled subframe which indicated.

□ LBT type and CAT4 LBT parameters
Since eNB has responsibility for MCOT requirement, eNB needs to indicate LBT type per scheduled subframe. Regarding CAT4 LBT parameters, if parameters are indicated per MSF, UE could use them for all scheduled subframes outside of the MCOT. Thus, LBT type is indicated per subframe and CAT4 LBT parameters are indicated per MSF.

Proposal7: LBT type is indicated per subframe and CAT4 LBT parameters are indicated per MSF.

□ HARQ process number and RV
To provide eNB’s scheduling flexibility, HARQ process number and RV are indicated per scheduled subframe. Combinatorial indication method could be discussed further. 

Proposal8: HARQ process number and RV are indicated per scheduled subframe

□ Indication of scheduled SFs
Scheduled SFs could be indicated by using HARQ process number. If scheduling by MSF is performed for the SFs starting from the first SF which would be indicated, the first SF will be always valid scheduled SF. Then, for other valid scheduled SF, eNB would assign different HARQ process number from that of the first subframe. If HARQ process number is same to the first subframe, UE could know that the subframe is not scheduled. Additionally, NDI value could also be used. If HARQ process number of the first subframe and the other subframes are same, and if NDI value of the other subframes are 1, then UE could consider that the other subframes are not scheduled. 
Proposal9: Scheduled subframes are indicated using mismatch of HARQ process number from that of the first scheduled subframe.
3 Conclusion
In this contribution, we discussed on multi-subframe scheduling for eLAA and provide following proposals. 
Proposal1: The maximum number of subframe scheduled by MSF is 4
Proposal2: RRC configuration for MSF detection is supported

Proposal3: Multiplexing of UEs scheduled by SSF and MSF are supported.

Proposal4: Starting and ending PUSCH DFT-S-OFDM symbol is indicated per SF.
Proposal5: SF timing for the first PUSCH transmission is indicated by offset value from the minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). 

Proposal6: MSF schedules consecutive K subframes starting from the first scheduled subframe which indicated.
Proposal7: LBT type is indicated per subframe and CAT4 LBT parameters are indicated per MSF.

Proposal8: HARQ process number and RV are indicated per scheduled subframe

Proposal9: Scheduled subframes are indicated using mismatch of HARQ process number from that of the first scheduled subframe.
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