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1 Introduction
In RAN1#82bis meeting, downlink scheduling for unlicensed carrier was discussed in offline discussion, and the possible agreements were given as follow:
Possible agreements:

· LAA DL supports self-scheduling based on both EPDCCH (at least for full TTI transmission) and PDCCH

· LAA DL supports cross-carrier scheduling based on both EPDCCH and PDCCH at least for full TTI transmission
· Unlicensed carrier cell cannot schedule another unlicensed carrier cell or licensed carrier cell

· UE can expect the related LAA PDSCH to be present in case of receiving a valid respective DL grant

· For the DL scheduling of an unlicensed carrier cell, scheduling cell is configured by RRC signaling as in Rel-12 CA (no dynamic switching of scheduling cell)

In this contribution, the downlink scheduling methods for unlicensed carrier are further discussed.
2 Discussion
For the downlink scheduling methods for unlicensed carrier, the main issue is that partial subframe is supported and the legacy scheduling method can not be used directly. The scheduling method of the partial subframe is associated with detailed design options. As discussed in [1], the detail design of partial TTIs and floating TTIs are discussed and it is proposed that the candidate starting positions of a DL transmission burst can be symbols {0, 7}. In this section, the DL scheduling methods for partial TTIs and floating TTIs are further discussed.
1.1 Self-carrier scheduling
For partial TTI, since CRS detection is supported, UEs can distinguish the first partial subframe by blind detecting the CRS on OFDM symbol #0 and #7. Hence, indication of the starting symbol or blind detection of (E)PDCCH in the first partial subframe are not needed. Then, a simple option with less specification impact can be used for (E)PDCCH in the first partial subframe, e.g. (E)PDCCH channel mapping in the first slot is  shifted to the second slot directly. 
Proposal 1: Legacy PDCCH/EPDCCH can be reused in starting partial subframe by shifting from the first slot to the second slot for partial TTI in case of self-scheduling. 
For floating TTI, no enhancement is needed and legacy scheduling method and (E)PDCCH channel mapping can be totally reused.

Proposal 2: Legacy scheduling method can be reused for floating TTI in case of self-scheduling. 
1.2 Cross-carrier scheduling
In case of cross-carrier scheduling, PDCCH/EPDCCH should be transmitted on licensed cell. If the 1st partial subframe is scheduled by cross-carrier scheduling, the PDCCH/EPDCCH transmission on the licensed carrier should start before the LBT outcome on the scheduled LAA Scell, in order to be compatible to the legacy UEs on the same licensed carrier. However, the LBT on the LAA Scell may not succeed, resulting the wasted PDCCH/EPDCCH resource on the licensed carrier.  Therefore, it is not preferred to schedule the 1st partial subframe by cross-carrier scheduling. 
Proposal 3: Cross-carrier scheduling is not supported for the starting partial subframe.

In Rel-12, the scheduling cell for a given serving cell is configured by RRC and cannot be changed dynamically. It will be desirable if this principle can also be maintained on the LAA Scell. As discussed above, it is not preferable to use cross-carrier scheduling for the 1st partial subframe. Since the 1st partial subframe, if specified, will very likely be optional to LAA UEs, the eNB can still use cross-carrier scheduling if it decides to not utilize the 1st partial subframe. Explicit RRC signaling can also be defined to tell the UEs whether the eNB intends to utilize the 1st partial subframe, such that the UE blind detection for the candidate starting position of the 1st partial subframe can be reduced if eNB decides to not use it. 
In the following figure, we summarize the proposal on the applicable scheduling mode according to the UE capability and network configuration on the supporting of the starting partial subframe.

Table 1  Applicable scheduling mode for different UE capability and network configuration
	Network configuration
	UE capabilities

	
	UEs supporting 
starting partial subframe
	UEs not supporting 
starting partial subframe

	Starting partial subframe is supported
	Self-carrier scheduling
	Self-carrier scheduling

/cross-carrier scheduling

	Starting partial subframe is not supported
	Self-carrier scheduling

/cross-carrier scheduling
	Self-carrier scheduling

/cross-carrier scheduling


Proposal 4: Whether using the starting partial subframe can be configured by network.
Proposal 5: Cross carrier scheduling can be configured to the UEs not supporting starting partial subframes, or when the eNB decides not to utilize the starting partial subframe.
3 Conclusion
In this contribution, the DL scheduling methods for partial subframes and floating TTIs in the LAA system are analyzed and the following proposals are given:
Proposal 1: Legacy PDCCH/EPDCCH can be reused in starting partial subframe by shifting from the first slot to the second slot for partial TTI in case of self-scheduling. 
Proposal 2: Legacy scheduling method can be reused for floating TTI in case of self-scheduling. 
Proposal 3: Cross-carrier scheduling is not supported for the starting partial subframe.

Proposal 4: Whether using the starting partial subframe can be configured by network.
Proposal 5: Cross carrier scheduling can be configured to the UEs not supporting starting partial subframes, or when the eNB decides not to utilize the starting partial subframe.
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