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Introduction
In RAN1#83 meeting, some agreements about LAA DL scheduling were agreed:
· Cross-carrier scheduling is supported in LAA Scell DL
· A UE is not expected to be configured with an unlicensed carrier to schedule another unlicensed carrier or licensed carrier
· For the cross-carrier scheduling, if UE receives DL grant for LAA SCell, the UE can assume the corresponding PDSCH is present, which is same as Rel-12 UE behavior
· A UE is not expected to be cross-carrier scheduled for an unlicensed carrier with an initial partial subframe in the unlicensed carrier
In this contribution, we discuss LAA UL Scheduling, taking into consideration of LAA DL Scheduling agreements in R13.
[bookmark: OLE_LINK2]Self-scheduling and Cross-carrier scheduling 
In general, LTE design supports two different scheduling approaches, i.e. cross-carrier scheduling and self-scheduling. The scheduling design needs some consideration for an LAA SCell due to the UL LBT requirements on an LAA SCell, which differs from previous LTE designs. 
For UL self-scheduling, the UL grant can be sent on the unlicensed carrier if the eNB has DL transmission opportunities in the DL subframes prior to UE’s PUSCH transmission. Then PUSCH transmission can naturally follow the existing UL scheduling timing. However, whether UE can transmit PUSCH corresponding to the UL grant is uncertain, depending on UL LBT’s result. Therefore PUSCH transmission on LAA SCell subjects to both DL LBT and UL LBT. In order to improve PUSCH transmission probability, some UL LBT design can be considered such as reserved PDSCH resource in the DL and/or fixed positions for UE’s UL CCA.  More details of UL LBT design can be found in our companion contribution [2]. Another way to improve PUSCH transmission possibility is to consider multiple PUSCH resources in one UL grant. 
For UL cross-carrier scheduling, an LAA SCell can be scheduled by either the licensed carrier or another unlicensed carrier. The latter was excluded in DL scheduling due to design complexity issue. For the same reason, we do not think the latter should be supported for UL cross-carrier scheduling as well. One obvious advantage of scheduling an LAA SCell from the licensed PCell is that UL grant would not depend on DL LBT. Thus UL grant transmission can be guaranteed. The corresponding UL transmission can be independent of DL transmission on LAA SCell. The trade-off is more PDCCH/EPDCCH burden in licensed carrier, especially when scheduling for multiple unlicensed carriers. One way to reduce the licensed carrier’s PDCCH/EPDCCH load is to consider one PDCCH/EPDCCH to schedule multiple subframes. 
Considering pros and cons of both self-scheduling and cross-carrier scheduling, these two methods should be both supported for LAA UL.
Proposal 1: UL Self-scheduling and Cross-carrier scheduling from PCell should be supported for LAA Scell.
UL scheduling enhancement
3.1 Single subframe multiple-candidate scheduling
Due to UL LBT, PUSCH may not be transmitted as UL grant indicated if the UL LBT result is not successful. In that case, the UL grant is wasted for either self-scheduling or cross-carrier scheduling. Two alternatives can be considered to relieve this problem.  
Alt1: multiple candidate UL LAA subframes on LAA SCell corresponding to one UL grant;
Alt2: one subframe on multiple candidate UL LAA SCells corresponding to one UL grant.
Fr example, in Alt1, eNB sends a UL grant at subframe N to schedule PUSCH at subframe N+4 or N+9. In this case, one UL grant can schedule two candidate discontinuous UL subframes. If UL LBT CCA succeeds for PUSCH transmission on subframe N+4, UE transmits PUSCH at subframe N+4; otherwise, another CCA can be executed for PUSCH transmission on subframe N+9. Only if both CCA failed, that UL grant is wasted. This approach would require some specification changes to determine the candidate UL subframes, e.g. including the starting UL subframe index, the gap between multiple candidates, and the number of candidates. The information of those multiple candidate subframes can be informed to UE by signalling, or predefined. 
Alt2 is similar to Alt1 and is suitable when multiple LAA SCells are available for cross-carrier scheduling from the licensed PCell. Similarly, some indication signalling to UE about multiple candidate LAA carriers is required. 
By having multiple candidates for PUSCH transmission, the PUSCH transmission possibility can be improved, which in turn mitigate UL grant wasting. Compared to Alt1, the complexity of UE and eNB in Alt2 is more obvious. UE needs to maintain synchronous with multiple LAA carriers, and eNB needs to try to receive and decode possible PUSCH in multiple LAA carriers. Furthermore, Alt2 is only applicable for cross-carrier scheduling when multiple unlicensed carriers are available.
Proposal 2: Single subframe multiple-candidate scheduling should be considered. 
[bookmark: _GoBack]3.2 Multiple-subframe scheduling 
PDCCH/EPDCCH overhead maybe a problem for single subframe scheduling, especially for high UL load.  In this case, using one UL grant to schedule multiple continuous UL subframes can be considered.
[bookmark: OLE_LINK8]For example, eNB sends UL grant at subframe N to schedule PUSCH from subframe N+4 to N+7. If UL CCA is successful for subframe N+4, then UE can transmit PUSCH from subframe N+4 until N+7, i.e. continuous four UL subframes occupation. Otherwise, another UL CCA can be performed for subframe N+5 to N+7, and so on. In this approach, multiple scheduled UL subframes need to be indicated to UE via signalling or predefined rules. With multiple-subframe scheduling, PDCCH/EPDCCH overhead as well as UE UL CCA time is reduced.
However, multiple-subframe scheduling may result in more challenge to multi-user multiplexing. If one UE occupies multiple continuous UL subframes, it is difficult for other UEs to succeed in UL LBT, which in turn may reduce multiplexing efficiency. Some methods for multi-user multiplexing are discussed in detail in our companion contribution [3], which can be considered along with multiple-subframe scheduling. 
Proposal 3：Multiple-subframe scheduling should be considered.
Conclusion
In this contribution, we discuss UL self-scheduling and cross-carrier scheduling. We have the following proposals:
Proposal 1: UL Self-scheduling and Cross-carrier scheduling from PCell should be supported for LAA Scell.
Proposal 2: Single subframe multiple-candidate scheduling should be considered. 
Proposal 3：Multiple-subframe scheduling should be considered.
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