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1. Introduction

In RAN1#80bis meeting, following agreements were achieved in aspects of scheduling and HARQ operation for supporting LAA [1].
	Agreements:
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields

· HARQ process number

· Redundancy version

Agreements:
· At least for DL-only LAA SCell

· If a new subframe timing is not defined for LAA SCell, the timing between the subframe in which a LAA PDSCH transmission ends and the subframe in which the corresponding HARQ-ACK feedback is transmitted follows the DL HARQ-ACK timing based on existing FDD-FDD and TDD-FDD CA spec assuming that the LAA SCell is an FDD Scell
· FFS: if a new subframe timing case is defined, above agreement can be revisited
* Note that this does not exclude the further discussion on the HARQ timing for multi-subframe/cross-subframe scheduling if multi-subframe/cross-subframe scheduling is to be considered
Agreement:
· Combination 3 in above observations is not a design target of LAA

· Combination 1: DL/UL: self-scheduling

· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling

· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC


In this contribution, we discuss and provide our view on DL/UL data scheduling method and relevant HARQ timing for supporting LAA operation. For easy explanation, a cell deployed in unlicensed band is denoted as “U-cell” and a cell deployed in licensed band is denoted as “L-cell” hereafter. 
2. Discussion 
2.1. DL/UL scheduling method for supporting U-cell

Regarding DL/UL scheduling for U-cell, it is necessary to investigate first whether existing scheduling configuration (i.e., self-CC scheduling, cross-CC scheduling) would be reasonable for supporting U-cell. For this, we provide our observations on the following four cases. 
● Case #1: DL cross-CC scheduling

In this case, DL grant to schedule DL data in U-cell is transmitted in other cell (e.g. L-cell). This option could provide reliable control signalling and utilize implicit PUCCH resource for HARQ-ACK feedback.
● Case #2: DL self-CC scheduling

In this case, both DL grant and the corresponding DL data are transmitted in U-cell. This option would relatively be better to support PDSCH scheduling with flexible starting symbol within DL subframe.

● Case #3: UL cross-CC scheduling

In this case, UL grant to schedule UL data in U-cell is transmitted in other cell (e.g. L-cell). This option could also provide reliable control signalling and UL grant transmission for scheduling of U-cell would not be necessarily restricted by LBT operation.
● Case #4: UL self-CC scheduling

In this case, both UL grant and the corresponding UL data are transmitted in U-cell. This option would be supportable with introduction of asynchronous HARQ operation for UL scheduling in LAA [2], but UL grant transmission might be restricted depending on CCA result for DL transmission.

With the observation above, the existing configuration of DL/UL scheduling (e.g. self-CC scheduling for both DL/UL, or cross-CC scheduling for both DL/UL) is to be considered as baseline for supporting U-cell. Besides, additional configuration or combination (e.g. DL self-CC + UL cross-CC) can also be investigated further to support more efficient DL/UL scheduling for U-cell. Furthermore, it seems to be reasonable not to support cross-CC scheduling from U-cell to L-cell or cross-CC scheduling between U-cells due to the uncertainty of CCA result in the scheduling U-cell.
Suggestion 1: Consider the existing configuration of DL/UL scheduling (e.g. self-CC or cross-CC scheduling for both DL/UL) as baseline and investigate further to adopt additional configuration or combination (e.g. DL self-CC + UL cross-CC) for supporting LAA U-cell scheduling.
Furthermore, to reduce DCI overhead to schedule U-cell with uncertainty due to LBT operation and to support aperiodic occurrence of DL/UL subframes in U-cell depending on CCA, multi-subframe scheduling could be considered for U-cell. The necessity of multi-subframe scheduling for U-cell is provided as below for each of four cases above. 
● Case #1: DL cross-CC scheduling

To support the case that U-cell is scheduled from TDD L-cell with limited number of DL subframes.

● Case #2: DL self-CC scheduling

To reduce DCI overhead in U-cell with unreliable channel condition due to hidden interferences.
● Case #3: UL cross-CC scheduling

To reduce DCI overhead to schedule U-cell UL with uncertainty depending on CCA by UE.
● Case #4: UL self-CC scheduling

To maximize utilization of restricted DL subframe in U-cell for UL grant transmission due to LBT operation and to reduce DCI overhead in U-cell with unreliable channel condition due to hidden interferences.
Based on the necessities above, multi-subframe scheduling is to be considered for both DL and UL to enable more efficient scheduling for U-cell. 
Suggestion 2: Consider multi-subframe scheduling for both DL and UL to enable more efficient scheduling for U-cell, in terms of DCI overhead reduction and DL resource utilization. 
2.2. UL HARQ timing for supporting U-cell
Regarding UL HARQ timing (i.e., UL grant to PUSCH) with asynchronous HARQ operation, it seems to be natural for U-cell to apply the UL HARQ timing defined in Rel-8 FDD (i.e., 4ms) which is the minimum latency required from UL grant reception to PUSCH transmission. Also, note that the suggested UL HARQ timing is applied for both self-CC and cross-CC scheduling cases. 
Suggestion 3: Apply the UL HARQ timing defined in Rel-8 FDD (i.e., 4ms), for Ucell with asynchronous HARQ operation as baseline.
2.3. UCI signalling on U-cell
Considering UCI feedback reliability and uncertainty of CCA by UE for UL transmission, it would be desirable that PUCCH/PUSCH conveying UCI is not transmitted in U-cell. 
Suggestion 4: No transmission of PUCCH/PUSCH conveying UCI on U-cell is baseline with consideration of UCI feedback reliability and UL CCA uncertainty.
3. Summary and conclusions

In this contribution, we discussed on DL/UL data scheduling method and the relevant HARQ timing for supporting U-cell. Based on above, we suggest:

Suggestion 1: Consider the existing configuration of DL/UL scheduling (e.g. self-CC or cross-CC scheduling for both DL/UL) as baseline and investigate further to adopt additional configuration or combination (e.g. DL self-CC + UL cross-CC) for supporting LAA U-cell scheduling.

Suggestion 2: Consider multi-subframe scheduling for both DL and UL to enable more efficient scheduling for U-cell, in terms of DCI overhead reduction and DL resource utilization. 

Suggestion 3: Apply the UL HARQ timing defined in Rel-8 FDD (i.e., 4ms), for Ucell with asynchronous HARQ operation as baseline.

Suggestion 4: No transmission of PUCCH/PUSCH conveying UCI on U-cell is baseline with consideration of UCI feedback reliability and UL CCA uncertainty.
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