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Introduction
During LAA SI phase, possible scheduling combinations for LAA CC were discussed. In RAN1#80bis, the following agreement was made.
Observations:
· Following possible scheduling combinations for a LAA CC are identified:
· 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
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3
· FFS: Combine multiple combinations

Agreement:
· Combination 3 in above observations is not a design target of LAA


In this contribution we provide our views on scheduling methods for LAA SCell. 
DL scheduling from a different subframe
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Figure 1: DL transmission burst.
In TR36.889 [2], the DL transmission burst is defined as “Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.” In some regions, the length of the DL transmission burst is restricted by regulatory requirements on a maximum channel occupancy time, e.g. 4 ms in Japan and 10 ms in Europe. Even with such kind of restrictions, the DL transmission burst can still contain several subframes as shown in Figure 1.
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Figure 2: Backward scheduling.
For an efficient use of partial subframes, super TTI [3] and backward scheduling [4][5] have been proposed. For the super TTI, a single transport block is mapped to multiple PDSCHs of different subframes. In RAN1#82 it was agreed that the super TTI is excluded for PDSCH transmission in a DL subframe on a LAA SCell, since fully buffering of the previous subframe becomes necessary, which is unreasonable. The reason is because the UE does not know whether the previous subframe carried a part of the transport block or not at the time when the UE performs blind decoding of (E)PDCCH. By the same reason, the backward scheduling (Figure 2), which requires a prior buffering, is also not appropriate. Therefore, Option 1 is preferable, namely a DL transport block should be only transmitted on a subset or all of the OFDM symbols in the DL subframe.
Proposal 1:
· Backward scheduling is not supported in Rel-13 LAA.

Self scheduling and cross-carrier scheduling
In Rel-10 to Rel-12 CA, CA capable UE has to support at least self scheduling for each serving cell. In addition, once the UE is configured with cross-carrier scheduling, it is applied to both DL and UL. DL assignment and UL grant for a given scheduled cell is always transmitted on the same scheduling cell so that blind decoding attempts are shared for them. With LAA mechanism, lots of channels in unlicensed bands could be used in combination with the existing LTE bands. From the UE processing perspective, it is strongly preferable to keep the current value of the maximum blind decoding attempts per scheduled cell. Therefore, it is natural to take the legacy CA principle as a baseline.
Proposal 2:
· For LAA, Rel-12 cross-carrier scheduling configuration should be a baseline.
· For both DL and UL, CA capable UE should support at least self scheduling.
· Once the UE is configured with cross-carrier scheduling for a scheduled cell, it is applied to both DL and UL of the scheduled cell.
In LAA carrier, the eNB has to perform LBT prior to a DL transmission burst. For self scheduling, the EPDCCH of the first subframe of the DL transmission burst has to start after the LBT detection, since the EPDCCH is contained within the DL transmission burst itself. For cross carrier scheduling, the scheduling EPDCCH is not contained in the DL transmission burst on the LAA carrier. In this case, it has been analyzed that cross-carrier scheduling from the same subframe is not a possible solution, since it was assumed that starting position of the cross-carrier scheduling EPDCCH follows the scheduling cell’s configuration [6][7]. However, we should also consider a possible way that the cross-carrier scheduling EPDCCH on a licensed carrier can start after succeeding at a channel access on LAA SCell. This solution requires almost the same complexity as self scheduling within LAA SCell, since available processing time for preparation of the EPDCCH and the corresponding PDSCH is the same.
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Figure 3: EPDCCH starting position
On the other hand, PDCCH transmission requires the whole system bandwidth of the scheduling serving cell. Modification of the PDCCH starting position has a large impact on all PDSCH transmissions of the licensed carrier, in which legacy UEs exist. Therefore, whether/how to use PDCCH for the cross-carrier scheduling should be studied further.
Proposal 3:
· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA irrespective of whether self scheduling or cross-carrier scheduling.
· Whether/how to use PDCCH scheduling for a front-shortened TTI in LAA SCell should be studied further

Finally, benefits of self scheduling and cross-carrier scheduling are summarized in Table 1. Note that each benefit implies a drawback of the other method. For both DL and UL, self scheduling on LAA SCell is a better way to avoid waste of control channel resource on licensed carrier, since the associated transmission on LAA SCell might not be allowed depending on an LBT result. In contrast, although cross-carrier scheduling from a licensed call may cause waste of control channel resources on the licensed carrier, it enable a interference coordination for PDCCH. For UL, in addition, cross-carrier scheduling has a clear benefit that it does not require more than one successful LBT for a single UL transmission.
Table 1: Benefit of scheduling methods for LAA SCell.
	
	Self scheduling on LAA SCell
	Cross-carrier scheduling from licensed cell

	Downlink
	· Avoiding waste of control channel resources on licensed carrier when eNB fails to get a channel access in LAA SCell.
	· Enabling interference coordination for PDCCH (at least in Type-0 and Type-2 subframes).

	Uplink
	· Avoiding waste of control channel resources on licensed carrier when UE fails to get a channel access in LAA SCell.
	· Enabling interference coordination for PDCCH (at least in Type-0 and Type-2 subframes).
· Avoiding degradation of UL transmission opportunity due to multiple LBTs.



Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:
· Backward scheduling is not supported in Rel-13 LAA.
Proposal 2:
· For LAA, Rel-12 cross-carrier scheduling configuration should be a baseline.
· For both DL and UL, CA capable UE should support at least self scheduling.
· Once the UE is configured with cross-carrier scheduling for a scheduled cell, it is applied to both DL and UL of the scheduled cell.
Proposal 3:
· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA irrespective of whether self scheduling or cross-carrier scheduling.
· Whether/how to use PDCCH scheduling for a front-shortened TTI in LAA SCell should be studied further
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