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1. Introduction

In RAN#65 plenary meeting, proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. The SI targets to developing LTE standards to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. Therefore, candidate solutions for LAA should be identified to meet required functionalities and design targets for LTE deployment in unlicensed spectrum. 
In this contribution, we discuss and provide our view on DL/UL data scheduling method and relevant DL/UL HARQ timing in LAA system. 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 enhancement can also be investigated further to support more efficient DL/UL scheduling for 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 enhancement 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. DL/UL HARQ timing for supporting U-cell
In determining DL HARQ timing (i.e., PDSCH to HARQ-ACK) first, it seems to be natural to consider U-cell as an FDD Scell in existing CA (e.g. FDD CA or TDD-FDD CA). In other words, it would be reasonable for U-cell to apply the DL HARQ timing as for FDD Scell defined in existing CA, according to frame structure (e.g. FDD or TDD) of Pcell as the following. Note that DL HARQ timing suggested below is applied for both self-CC and cross-CC scheduling cases.
● Case #1: FDD Pcell

Apply DL HARQ timing defined for FDD Scell in FDD CA (i.e., 4ms)

● Case #2: TDD Pcell

Apply DL HARQ timing defined for FDD Scell in TDD-FDD CA with self-CC scheduling

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 DL HARQ timing defined for FDD Scell in FDD CA (i.e., 4ms), for U-cell in case with FDD Pcell as baseline.
Suggestion 4: Apply DL HARQ timing defined for FDD Scell in TDD-FDD CA with self-CC scheduling, for Ucell in case with TDD Pcell as baseline.

Suggestion 5: Apply the UL HARQ timing defined in Rel-8 FDD (i.e., 4ms), for Ucell with asynchronous HARQ operation as baseline.
3. Summary and conclusions

In this contribution, we discussed on DL/UL data scheduling method and relevant DL/UL 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 enhancement 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 DL HARQ timing defined for FDD Scell in FDD CA (i.e., 4ms), for U-cell in case with FDD Pcell as baseline.

Suggestion 4: Apply DL HARQ timing defined for FDD Scell in TDD-FDD CA with self-CC scheduling, for Ucell in case with TDD Pcell as baseline.

Suggestion 5: Apply the UL HARQ timing defined in Rel-8 FDD (i.e., 4ms), for Ucell with asynchronous HARQ operation as baseline.

4. Reference

[1] RP-141646, “Study on Licensed-Assisted Access using LTE,” Ericsson, Qualcomm, Huawei, Alcatel-Lucent
[2] RAN1 Chairman’s Notes, RAN1 LAA Ad-hoc meeting

