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1 Introduction
In RAN1#80bis meeting, downlink and uplink scheduling for unlicensed 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 discuss the downlink scheduling methods of unlicensed carrier.
2 Discussion
The relative analysis of different DL transmission methods is given in [2], which is provided from the perspectives of transmission efficiency, eNB processing complexity, UE processing complexity, and potential specification impact. The DL scheduling methods for partial TTIs and floating TTIs are further discussed in this section.
1.1 DL scheduling for partial TTI
Self-carrier scheduling
For the PDCCH and self-carrier scheduling, three options can be considered as below:
· Option 1: PDCCH is transmitted in the first few OFDM symbols of a partial subframe containing the scheduled PDSCH
· Option 2: PDCCH is transmitted in the last few OFDM symbols of a partial subframe containing the scheduled PDSCH
· Option 3: PDCCH is transmitted in the next subframe following the partial subframe containing the scheduled PDSCH
For option 1, the complexity of UE blind detection is high since the start position of PDCCH can not be known to the UE, multiple blind detection of PDCCH or initial signal are needed. But the specification impact of option 1 could be lower since PDCCH is still transmitted before the scheduled PDSCH. 
For option 2 and option 3, the complexity of UE blind detection could be avoided since the starting position of the partial subframe can be signaled in the scheduling PDCCH. However, the UE buffer may be increased for late PDCCH receiving. In addition, new mapping description of PDCCH is needed in specification. Furthermore, multi-subframe scheduling should be defined for option 3.
For the EPDCCH and self-carrier scheduling, the following options are considered:
· Option 1:  EPDCCH is transmitted within the partial subframe containing the scheduled PDSCH
· Option 2: EPDCCH is transmitted in the next subframe following the partial subframe containing the scheduled PDSCH
Similar with PDCCH scheduling method, for option 1, the complexity of UE blind detection is high and the specification impact is lower. For option 2, the UE buffer would be increased and specification impact can be higher. Also, cross-subframe or multi-subframe scheduling should be defined.
Proposal 1: Further study is needed on the PDCCH/EPDCCH transmission in self-carrier scheduling of PDSCH in a partial subframe. 

Cross-carrier scheduling
In case of cross-carrier scheduling, PDCCH/EPDCCH should be transmitted on licensed cell. However, the channel access time on LAA cell can not be predicted, accordingly the eNB can not know how to prepare the control information for the first partial subframe in TXOP. Two options can be considered for the issue of cross-carrier scheduling:

· Option 1:  PDCCH/EPDCCH for the first partial subframe is transmitted before LBT
· Option 2: PDCCH/EPDCCH is transmitted in the next subframe that follows the partial subframe containing the scheduled PDSCH
With option 1, eNB should choose the TBS according to the fewest useful radio resources in partial subframes，in which case the resources are not effectively used. Meanwhile, the PDCCH/EPDCCH resource reserved for scheduling unlicensed carriers could be wasted if eNB cannot get transmission opportunities on the unlicensed carriers. With option 2, PDCCH/EPDCCH is transmitted after the channel access time, and multi-subframe scheduling should be supported for the first partial subframe and the next normal subframe. 
The reliability of control information can be improved by cross-carrier scheduling. However, considering the massive number of unlicensed cells, the load of PDCCH/EPDCCH on licensed carrier will be a problem. On the other hand, if the PCell is a TDD cell, some of the DL subframe in LAA cell can’t be scheduled, if multi-TTI scheduling is not specified in DL. 
Therefore, it is beneficial to send the DL grant on each of the unlicensed carrier after the eNB acquires channel on the unlicensed carrier, in order to improve the resource utilization and alleviate the PDCCH/EPDCCH overload on licensed carrier. 
Proposal 2: For PDSCH transmission in a partial subframe on an unlicensed SCell, it is not preferred to use cross-carrier scheduling from licensed PCell.
1.2 DL scheduling for floating TTI
Self-carrier scheduling
As discussed in [3], two options are given for detailed floating TTI design. Accordingly, different PDCCH/EPDCCH transmission options can be considered for floating TTI with self-carrier scheduling:
· Option 1: PDCCH/EPDCCH is transmitted aligned with floating TTI boundary

· Option 2: PDCCH/EPDCCH is transmitted aligned with PCell subframe boundary

With option 1, the smaller specification impact can be expected in terms of PDCCH/EPDCCH processing and RE mapping. However, the complexity/power consumption of UE blind detection is high, in order to obtain the starting position of the floating TTI. Additional signaling or initial signal can be introduced to inform the starting position of floating TTI. However, DRX UEs which missed the signaling may not be able to receive data in the whole TXOP.
For option 2, PDCCH/EPDCCH is transmitted aligned with PCell subframe boundary, which means the PDCCH/EPDCCH decoding can be decoupled from the floating TTI. In this case, the start OFDM symbol can be explicit informed to the UE by control information in PDCCH/EPDCCH. The drawback of this option is that UE buffer should be increased since more than 1ms data need to be buffered if PDCCH/EPDCCH is transmitted later than data.
Proposal 3: For self-scheduling of floating TTIs on unlicensed cell, it is preferred that PDCCH/EPDCCH is transmitted aligned with licensed PCell subframe boundary.

With the limitation of TXOP, how to schedule the last floating TTI in TXOP should be further considered if EPDCCH is used in option 2. Two options are given as below:
· Option2-A: Use multi-subframe scheduling for the last two floating TTIs


[image: image1.emf]LAA cell

Licensed cell

EPDCCH

n0 n1 n2 n3 n4 n5 n6

TxOP


Figure 1: Self-carrier scheduling with EPDCCH option2-A

· Option2-B: Use short EPDCCH in the last floating TTI
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Figure 2: Self-carrier scheduling with EPDCCH option2-B
For option 2-A, multi-subframe scheduling should be supported. 
For option 2-B, the number of OFDM symbols for EPDCCH in the last floating TTI could be as less as 6, in order to reuse the EPDCCH processing currently defined for DwPTS. 
Cross-carrier scheduling
In case of cross-carrier scheduling, PDCCH/EPDCCH can only be transmitted aligned with PCell subframe boundary. The drawbacks of cross-carrier scheduling of floating TTIs is the same with partial TTIs. E.g., PDCCH load on the licensed carrier is largely increased and some of the DL subframe in LAA cell can’t be scheduled in case of TDD PCell. Hence, cross-carrier scheduling for floating TTIs is also not proposed.
Proposal 4: For PDSCH transmission in a floating TTI on an unlicensed SCell, it is not preferred to use cross-carrier scheduling from licensed PCell.
3 Conclusion
In this contribution, the DL scheduling methods for partial subframes and floating TTIs in the LAA system are analyzed separately and the following proposals are given:
Proposal 1: Further study is needed on the PDCCH/EPDCCH transmission in self-carrier scheduling of PDSCH in a partial subframe. 

 Proposal 2: For PDSCH transmission in a partial subframe on an unlicensed SCell, it is not preferred to use cross-carrier scheduling from licensed PCell.
Proposal 3: For self-scheduling of floating TTIs on unlicensed cell, it is preferred that PDCCH/EPDCCH is transmitted aligned with licensed PCell subframe boundary.

Proposal 4: For PDSCH transmission in a floating TTI on an unlicensed SCell, it is not preferred to use cross-carrier scheduling from licensed PCell.
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