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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#80bis meeting, DL/UL scheduling for LAA carrier were discussed, and the observations and agreements were as following [1]:
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 mainly further discuss the downlink scheduling of unlicensed carrier and provide our suggestions.

2 Discussion
For DL transmissions on unlicensed carriers, the DL grant can be transmitted in either licensed carrier or unlicensed carriers. In current specification, the control information is always decoded before the corresponding data information. With the current resource mapping rule, the PDCCH transmission starts at the first OFDM symbol in a subframe and the beginning of EPDCCH could be the one of the first several symbols as configured by high layer signalling. Therefore, for DL scheduling, the control information needs to be decided before the PDSCH transmission.

According to the CCA operation of LBE on the unlicensed carrier, the channel may become available at any time within a subframe. Therefore, when the current (E)PDCCH is transmitted in the PCell, the eNB could not know data transmission burst would occur in the LAA SCell if the transmission after the (E)PDCCH transmission due to the CCA operation. Then it is impossible to transmit the scheduling information through the (E)PDCCH transmitted in the PCell.  In other words, For PDSCH transmission in partial subframe on an unlicensed Scell, it is not feasible to use cross carrier scheduling from licensed Pcell and thus it is necessary to send the DL grant on each of the unlicensed carrier after the eNB acquires channel on the unlicensed carrier.

For PDSCH scheduling in a normal subframe in unlicensed SCell, it is similar to a normal subframe in a licensed serving cell. Both cross-carrier and self-carrier scheduling with (E)PDCCH is possible for the PDSCH indication as usual. For cross carrier scheduling from licensed carrier to unlicensed carrier can improve the control information reliability. However, since the number of aggregated unlicensed carriers could be large, PDCCH load on the licensed carrier may be not enough. So cross scheduling and self scheduling are both needed to consider for PDSCH scheduling in a normal subframe in unlicensed Scell.

Therefore, considering the control information reliability and the time frequency resource usage efficiency and the subframe type in LAA Sell, the suitable scheduling mode should be selected. According the above the analysis, we have the following proposal:

Proposal 1: For DL scheduling in unlicensed Scell, allow dynamic switching between the cross carrier scheduling and self scheduling.

In the above analysis, we suggest to use self scheduling in partial subframes on the unlicensed Scell. Furthermore, the partial subframes can be scheduled by the (E) PDCCH in the current subframe or the next subframe. 

For the partial subframes are scheduled by the (E) PDCCH in the current subframe, the LAA can be largely reused the design of current PDCCH, but the (E)PDCCH can be started the transmission only after the channel is available and there are still some specification would be changed. Moreover, the UE blind detecting complexity would be high if there is no efficient initial signal or PHICH-like indication.

For the the partial subframes are scheduled by the (E) PDCCH in the next subframe, there may be small changes on (E)PDCCH transmission/decoding in specifications. Moreover, the (E) PDCCH is transmitted in the normal subframe following the partial subframe, so no UE blind detection is required. However, the UE buffer requirements would be increased due to UE need to buffer all the data before DCI is successfully decoded in the next subframe.

Therefore, according to the above analysis, we have the following proposal:

Proposal 2:  We suggest that the PDSCH in partial subframe on LAA Scell should be scheduled by (E)PDCCH in the next subframe.
3 Conclusion
In this contribution, we discuss the downlink scheduling of LAA Scell and we kindly suggest that RAN1 agree on the following proposals:

Proposal 1: For DL scheduling, allow dynamic switching between the cross carrier scheduling and self scheduling.

Proposal 2:  we suggest that the PDSCH in partial subframe on LAA Scell should be scheduled by (E)PDCCH in the next subframe.
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