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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 focus and discuss on data scheduling/transmission and control signalling in LAA system, in terms of resource structure, scheduling manner, and HARQ procedure for data transmission in unlicensed band (denoted as “U-band”). For easy explanation, a cell deployed in U-band is denoted as “U-cell” and a cell deployed in licensed band is denoted as “L-cell” hereafter. 
2. Discussion 
2.1. Data scheduling for U-cell

On the scheduling of data transmission in U-cell, in order to guarantee reliable control signalling, cross-CC scheduling by L-cell can be considered as a baseline. Here, one thing to be considered with this cross-CC scheduling from L-cell to U-cell is potential concentration of (E)PDCCH search spaces on L-cell which may cause increase of (E)PDCCH blocking between UEs as well as within a UE. Thus, some methods to handle or mitigate this control congestion may need to be investigated.
On top of cross-CC scheduling, self-CC scheduling in U-cell could also be considered, at least for purpose of mitigating control congestion in L-cell, if reliability and overhead of control signalling via U-cell would be considered as reasonable. This self-CC scheduling could be applied at least for DL scheduling of U-cell by similar manner with the existing case while further consideration is necessary for the case of UL scheduling including UL HARQ timing for U-cell. 
Regarding the scheduling timing for U-cell, it needs to be discussed whether the current DL/UL grant transmission and the corresponding PDSCH/PUSCH transmission timing should be kept or modified. Considering LAA system characteristics such as aperiodic radio channel occupation in U-cell depending on carrier sensing by eNB and/or UE, it is to be discussed which option would be efficient for U-cell scheduling. Besides, proper option could be different according to DL/UL scheduling and carrier sensing node, and the corresponding HARQ timing would be dependent upon the selected grant timing. 
In addition, for control overhead reduction in scheduling of unreliable U-cell and considering the case that U-cell is cross-CC scheduled by TDD L-cell, multi-subframe scheduling can be considered. To support this, DCI composition/transmission and proper HARQ-ACK feedback scheme need be considered further. 
Suggestion 1: Consider cross-CC scheduling by L-cell as baseline for scheduling of U-cell. 

Consider DL self-CC scheduling in U-cell (FFS on UL self-CC scheduling in U-cell).
Suggestion 2: Need to discuss on DL/UL grant timing proper to schedule data transmission in U-cell. 
Suggestion 3: Consider multi-subframe scheduling on data transmission in U-cell.
2.2. HARQ procedure and signalling
Regarding DL HARQ procedure, first of all, it is reasonable that HARQ-ACK feedback corresponding to PDSCH reception in U-cell is signalled via Pcell (at least for PUCCH transmission) as for normal Scell. In case of UCI piggyback on PUSCH, it may need to be further discussed whether PUSCH in U-cell could be used for UCI piggyback container with consideration of UCI reliability. 
In case of determining HARQ-ACK timing corresponding to U-cell, it can be considered to apply the timing as for FDD Scell defined in current CA (at least for DL only TX burst) according to Pcell duplexing manner (i.e. FDD or TDD) since presence of DL subframe would be aperiodic in U-cell. If UL/DL configuration as in existing TDD is used to set subframe usage on U-cell, HARQ timing could be determined by considering the U-cell as a TDD cell. Figure 1 shows an example of HARQ-ACK timing and transmission for DL scheduling on U-cell in case with FDD Pcell where FDD HARQ-ACK timing is applied for the U-cell. However, considering possibility of multi-subframe scheduling for U-cell (at least for the case where U-cell is cross-scheduled by TDD L-cell), further investigation is necessary on the corresponding modification on HARQ-ACK timing for U-cell considering resource overhead and efficiency. 
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Figure 1
In case of UL HARQ timing (i.e. UL grant-to-PUSCH, PUSCH-to-PHICH, initial PUSCH-to-retransmitted PUSCH) corresponding to U-cell with aperiodic UL subframe presence, we may need to discuss how to support/manage PUSCH retransmission first, with consideration of two alternatives: (1) synchronous HARQ and (2) asynchronous HARQ. In case of synchronous HARQ, PUSCH timing for the same HARQ process can be determined based on subframe index in L-cell as in current HARQ (e.g. same subframe index over radio frames for TDD) or subframe order in U-cell TX burst (e.g. same subframe order over TX bursts). In case of asynchronous HARQ, PUSCH timing may be determined depending on UL grant timing, and HARQ process number may need to be indicated via UL grant DCI as in DL scheduling case. On this UL HARQ timing determination, it seems that more studies and discussions are required with consideration of carrier sensing node in UL scheduling, aperiodic UL presence in U-cell, as well as retransmission scheduling latency. 
Suggestion 4: Consider HARQ-ACK via Pcell on the PDSCH reception in U-cell as baseline, at least for 

PUCCH transmission.
Suggestion 5: Investigate proper HARQ-ACK timing for PDSCH reception in Ucell with DL only TX burst 

(e.g., with consideration of potential multi-subframe scheduling). 
Suggestion 6: FFS on UL HARQ timing for U-cell. Need to discuss the aspect of PUSCH retransmission first 

(e.g. synchronous or asynchronous).
3. Summary and conclusions

In this contribution, we discussed on data scheduling/transmission and control signalling in LAA system, in terms of resource structure, scheduling manner, and HARQ procedure for DL/UL data transmission in U-cell. Based on above, we suggest:

Suggestion 1: Consider cross-CC scheduling by L-cell as baseline for scheduling of U-cell. 

Consider DL self-CC scheduling in U-cell (FFS on UL self-CC scheduling in U-cell).
Suggestion 2: Need to discuss on DL/UL grant timing proper to schedule data transmission in U-cell. 
Suggestion 3: Consider multi-subframe scheduling on data transmission in U-cell.

Suggestion 4: Consider HARQ-ACK via Pcell on the PDSCH reception in U-cell as baseline, at least for 

PUCCH transmission.

Suggestion 5: Investigate proper HARQ-ACK timing for PDSCH reception in Ucell with DL only TX burst 

(e.g., with consideration of potential multi-subframe scheduling).
Suggestion 6: FFS on UL HARQ timing for U-cell. Need to discuss the aspect of PUSCH retransmission first 

(e.g. synchronous or asynchronous).
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