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1 Introduction
During RAN1 #80bis, the following observations were discussed: 

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

This contribution shares our views on UL/DL scheduling for a LAA CC.
2 Discussion
2.1 DL scheduling for unlicensed serving cell

One benefit for supporting self-scheduling on an unlicensed serving cell is larger capacity of PDCCH/ePDCCH. However, this scheme may impact on some existing rule. For example, according to the agreements in previous RAN1 LAA Ad-hoc meeting, 
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
Therefore, the PDSCH may be transmitted in a fractional subframe after a successful CCA. In this case, if the PDSCH is scheduled by ePDCCH in the same fractional subframe, the number of eCCE in the subframe may not be aligned with current specification. One possible solution to avoid this problem is applying new subframe timing for the unlicensed serving cell [2]. In this case, eNB could always prepare PDCCH/ePDCCH/PDSCH/PCFICH for a whole subframe of 1ms as in current specification. Another solution is to restrict the length of fractional subframe to be aligned with the length of DwPTS in a TDD special subframe (e.g., according to the special subframe configuration) and the ending symbol of the ePDCCH/PDSCH is aligned with the subframe boundary. It could be jointly considered with the restricted starting point of initial signal(s) which is transmitted before the discontinuous transmission. The other alternative that can be considered is cross-subframe scheduling by a latter subframe. 
In Rel-12 “FDD-TDD joint operation”, no data on the serving cell can be cross-carrier scheduled by a TDD uplink subframe. However, for LAA, this restriction will result in the loss of transmission opportunity in unlicensed bands. In addition, when the PDSCH can be scheduled in a partial subframe, corresponding PDCCH/ePDCCH may not be transmitted in the same subframe since eNB cannot ensure whether the unlicensed serving cell could be available when preparing the scheduling DCI. In this case, latter subframe scheduling could be jointly considered to overcome this problem. However, the capacity of PDCCH/ePDCCH of scheduling subframe should be considered.
In summary, if a fractional subframe could be scheduled by a latter subframe, it can be combined with cross-carrier scheduling. Moreover, we also think the new subframe timing with whole subframe duration for PDCCH/ePDCCH/PDSCH/PCFICH transmission [2] should be applied in the unlicensed serving cell. Therefore, additional specification effort on the fractional subframe could be avoided. Figures 1 and 2 illustrate examples for the DL scheduling for an unlicensed serving cell.
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Figure 1: Self scheduling for an unlicensed serving cell.
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Figure 2: Cross-carrier scheduling for an unlicensed serving cell.
Proposal 1:
For the case of cross-carrier scheduling, the starting OFDM symbol of PDSCH on unlicensed serving cell should not be latter than the starting OFDM symbol of corresponding PDCCH/ePDCCH.
Proposal 2:
New subframe timing with whole subframe duration for downlink transmission should be supported for the unlicensed serving cell.
2.2 UL scheduling for unlicensed serving cell
When PUSCH is self-scheduled by unlicensed serving cell, both eNB and UE should perform CCA on the unlicensed serving cell in order to obtain the opportunities for UL grant DCI and PUSCH transmission respectively. However, it is difficult for eNB to schedule the uplink resource since multiple CCA should be performed before the UL transmission. Moreover,  the eNB should ensure that there is DL data to be transmitted along with PDCCH/ePDCCH in the scheduling subframe. Otherwise, either the requirement of continuous transmission or ”full-band transmission” [4] may not be satisfied. 

For cross-carrier scheduling, a UE can just perform the CCA according to the UL grant DCI and transmit PUSCH on unlicensed serving cell when the PUSCH is cross-carried scheduled by a licensed cell. One drawback for this scheme is the capacity of control channel, but it could be solved by proper configuration.
2.3 Scheduling combinations for unlicensed serving cell

According to the discussion above, scheduling combination 4 (cross-carrier scheduling from a same scheduling CC) could be firstly considered to support the LAA operation when UL and DL scheduling are jointly considered. In addition, if combination 1 is allowed for LAA operation, the eNB should handle the requirements on UL/DL traffic and regulation of unlicensed spectrum. As for the scheduling combination 2, the specification effort should be for further study.
Proposal 3:
Scheduling combinations 1 and 4 could be considered to support the LAA operation.
3 Conclusion

In this contribution, UL and DL scheduling for supporting a LAA system is discussed. According to the discussion, we have following proposals:

Proposal 1:
For the case of cross-carrier scheduling, the starting OFDM symbol of PDSCH on unlicensed serving cell should not be latter than the starting OFDM symbol of corresponding PDCCH/ePDCCH.
Proposal 2:
New subframe timing with whole subframe duration for downlink transmission should be supported for the unlicensed serving cell.
Proposal 3:
Scheduling combinations 1 and 4 could be considered to support the LAA operation.
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