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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 “Ucell” and a cell deployed in licensed band is denoted as “Lcell” hereafter. 
2. Discussion 
2.1. Resource structure in U-band
First of all, as a baseline for LAA operation, it can be assumed that at least subframe level synchronization (i.e. subframe boundary) is aligned between Ucell and Lcell for simplicity. From eNB perspective, as shown in Figure 1, contiguous resource period reserved for data scheduling may aperiodically be given in Ucell depending on carrier sensing based radio access. Here, length and usage of this reserved resource period (simply denoted as “RRP”), for example, number of subframes and subframe usage (i.e. DL or UL) within a RRP, can be set by semi-static or dynamic manner. 


[image: image1.emf]Lcell

(licensed)

Ucell

(unlicensed)

subframe index 0 1 2 3 4 5 6 7 8 9

DL DL DL DL

Busy channel assessed

by carrier sensing

Idle channel assessed

by carrier sensing


Figure 1

Regarding the subframe composition within a RRP, three kinds of RRP can be considered: (1) DL only RRP (consisting of DL subframe only), (2) UL only RRP (consisting of UL subframe only), (3) DL/UL mixed RRP (consisting of both DL and UL). Among these, support of DL only RRP and UL only RRP can be feasible even if carrier sensing node (i.e. eNB or UE) would be different between those since carrier sensing is to be, anyhow, necessary per each RRP. In case of DL/UL mixed RRP, it seems that further study and discussion is needed with consideration of DL/UL switching event. 
Suggestion 1: Consider support of DL only or UL only structure for data scheduling of Ucell. 

FFS on DL/UL mixed structure.
2.2. Data scheduling for Ucell

On the scheduling of data transmission in Ucell, in order to guarantee reliable control signalling, cross-CC scheduling by Lcell can be considered as a baseline. In case of self-CC scheduling in Ucell, further discussion seems to be necessary with consideration of reliability of control signalling via Ucell and required overhead for control signalling robustness. 
Regarding the scheduling timing for Ucell, 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 Ucell depending on carrier sensing by eNB and/or UE, it is to be discussed which option would be efficient for Ucell 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 Ucell and more simplified scheduling with RRP as a unit, multi-subframe scheduling can be considered. To support this, DCI composition/ transmission and proper HARQ-ACK feedback scheme need be considered further. 
Even with various possibility on scheduling timing/manner, at least in DL scheduling, FDM or TDM or their combination seem to be feasible for UE multiplexing within RRP. In UL scheduling, on the other hand, further discussion is needed since UE multiplexing manner may depend on carrier sensing node.

Suggestion 2: Consider cross-CC scheduling by Lcell as baseline for scheduling of Ucell. 

FFS on self-CC scheduling in Ucell.
Suggestion 3: Need to discuss on DL/UL grant timing proper to schedule data transmission in Ucell. 
Suggestion 4: Consider multi-subframe scheduling on data transmission in Ucell.
Suggestion 5: Need to discuss on support of FDM or TDM for UE multiplexing in DL scheduling on Ucell.

FFS on UE multiplexing in UL scheduling.
2.3. HARQ procedure and signalling
Regarding DL HARQ procedure, first of all, it is reasonable that HARQ-ACK feedback corresponding to PDSCH reception in Ucell is signalled via Pcell (at least for PUCCH transmission) as for normal Scell. In case of determining HARQ-ACK timing corresponding to Ucell, it seems be reasonable as baseline to apply the timing as for FDD Scell defined in current CA (at least for DL only RRP) according to Pcell duplexing manner (i.e. FDD or TDD) since presence of DL subframe would be aperiodic in Ucell. Figure 2 shows an example of HARQ-ACK timing and transmission for DL scheduling on Ucell in case with FDD Pcell where FDD HARQ-ACK timing is applied for the Ucell. 
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Figure 2
In case of UL HARQ timing (i.e. UL grant-to-PUSCH, PUSCH-to-PHICH, initial PUSCH-to-retransmitted PUSCH) corresponding to Ucell 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 Lcell as in current HARQ (e.g. same subframe index over radio frames for TDD) or subframe order in Ucell RRP (e.g. same subframe order over RRPs). 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 Ucell, as well as retransmission scheduling latency. 
Moreover, retransmission via Lcell on the PDSCH/PUSCH (initially) transmitted in Ucell can be considered further if retransmission latency in Ucell is increased due to large RRP interval and/or retransmission via Ucell is inefficient due to bad channel condition. 
Suggestion 6: Consider HARQ-ACK via Pcell on the PDSCH reception in Ucell as baseline, at least for 

PUCCH transmission.
Suggestion 7: Consider HARQ-ACK timing as for FDD Scell in current CA as baseline for the PDSCH 

reception in Ucell.
Suggestion 8: Need to discuss on UL HARQ timing for Ucell in 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 Ucell. Based on above, we suggest:

Suggestion 1: Consider support of DL only or UL only structure for data scheduling of Ucell. 

FFS on DL/UL mixed structure.
Suggestion 2: Consider cross-CC scheduling by Lcell as baseline for scheduling of Ucell. 

FFS on self-CC scheduling in Ucell.
Suggestion 3: Need to discuss on DL/UL grant timing proper to schedule data transmission in Ucell. 
Suggestion 4: Consider multi-subframe scheduling on data transmission in Ucell.

Suggestion 5: Need to discuss on support of FDM or TDM for UE multiplexing in DL scheduling on Ucell.

FFS on UE multiplexing in UL scheduling.
Suggestion 6: Consider HARQ-ACK via Pcell on the PDSCH reception in Ucell as baseline, at least for 

PUCCH transmission.

Suggestion 7: Consider HARQ-ACK timing as for FDD Scell in current CA as baseline for the PDSCH 

reception in Ucell.

Suggestion 8: Need to discuss on UL HARQ timing for Ucell in the aspect of PUSCH retransmission first 

(e.g. synchronous or asynchronous).
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