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1 Introduction

In 3GPP TR 36.889, following contents are described as results of study item on LAA [1]. 
•Four possible scheduling combinations for an LAA SCell are identified below.

-
Combination 1: Self-scheduling on both DL and UL

-
Combination 2: Self-scheduling on DL and cross-carrier scheduling on UL

-
Combination 3: Cross-carrier scheduling on DL and self-scheduling on UL

-
Combination 4: Cross-carrier scheduling from the same scheduling carrier for both DL and UL
In addition, the objective of work item on LAA in Rel-13 considers DL only transmission. In DL only transmission, scheduling of partial subframes at start and end of downlink transmission burst will be a main issue. 
In this contribution, we discuss on downlink scheduling for LAA

2 Discussion on downlink scheduling for LAA
For downlink scheduling of LAA, self-scheduling and cross-carrier scheduling could be considered. Scheduling of subframes with all OFDM symbols could be done through the conventional scheduling method. Scheduling problems would be issues on the start partial subframe and end partial subframe. Self-scheduling and cross-carrier scheduling both have pros and cons for DL scheduling for LAA. They will be compared especially in terms of the start partial subframe and the end partial subframe. In addition, scheduling within current subframe and by next subframe will also have pros and cons on scheduling of the start partial subframe. 
Self-scheduling of LAA DL within current subframe is described in Figure 1. For the start partial subframe, it could be scheduled by (E)PDCCH of the same frame which could be started after CCA procedure. For the end partial subframe, scheduling with (E)PDCCH of the same frame could be possible. However, when the duration of partial subframe is relatively short, control overhead of the frame will increase. Therefore, efficiency of self-scheduling within current subframe for LAA will be dependent on length of the partial subframe. In other words, it will be dependent on possible start and end point of the partial subframe. 
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Figure 1 – Self-scheduling within current subframe
A description on self-scheduling of the partial subframe by next subframe is shown in Figure 2. This option may only effective for the start partial subframe. In control channel of the next subframe, scheduling information for the start partial subframe and for itself could be transmitted. However, in this case, additional field to indicate subframe number would be necessary which could cause modification on DCI format. Morever, buffer size bigger than a subframe would be required. Except for those requirements, scheduling of the start partial subframe could be carried out.
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Figure 2 – Self-scheduling by next subframe

Cross-carrier scheduling for LAA cell within the current subframe is described in Figure 3. For the end partial subframe, scheduling could be done as the conventional cross-carrier scheduling for subframes with all OFDM symbols. Moreover, control overhead which caused in self-scheduling could be resolved with cross-carrier scheduling. However, start point of the start partial subframe could be later than the control channel of PCell could be a problem. In that case, cross-carrier scheduling would not be possible. In case of using EPDCCH, cross-carrier scheduling could be possible, but some issues are needed to be addressed to support it. 

[image: image3]
Figure 3 – Cross-carrier scheduling within current subframe

A drawing to describe cross-carrier scheduling from next subframe for LAA partial subframe is shown in Figure 4. This method may only usable on the start partial subframe. Scheduling information for the start partial subframe and the next subframe would be carried by control channel of next subframe in PCell. Data buffering of one subframe plus partial subframe would be required which requires more buffer memory. Moreover, additional indications for scheduling information of the partial subframe and the next subframe would also be required. 
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Figure 4 – Cross-carrier scheduling by next subframe

Four options for LAA downlink scheduling were described with issues when they employed. With above discussion results, we may conclude that each scheduling method has its own pros and cons. Furthermore, one method would have benefit on scheduling of the start partial subframe meanwhile the other one would preferred for end partial subframe scheduling. 
Observation1: Self-scheduling and cross-carrier scheduling both have their own pros and cons for partial subframes, and they are complementary each other. 
Proposal1: For LAA downlink scheduling, self-scheduling and cross-carrier scheduling both should be supported.
3 Conclusion
In this contribution, we discussed LAA DL scheduling options and provide following proposal from relevant observation. 
Observation1: Self-scheduling and cross-carrier scheduling both have their own pros and cons for partial subframes, and they are complementary each other.
Proposal1: For LAA downlink scheduling, self-scheduling and cross-carrier scheduling both should be supported.
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