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In this contribution, we discuss some issues related to scheduling mechanisms for LAA in case of UL+DL LAA. Both self-scheduling and cross-carrier scheduling in LAA are discussed.
Scheduling
The LTE design supports, in general, two different scheduling approaches, i.e. cross-carrier scheduling and self-scheduling. The supported set of scheduling designs needs some considerations for LAA SCell due to the LBT requirements on an LAA SCell, which differs from the previous LTE designs. We will first describe a design for self-scheduling and further describe a design for cross-carrier scheduling. We have a separate contribution in [1] that describes the scheduling support needed for DL-only LAA. This contribution is based on that analysis. In short in [1] the following is proposed and observed.
Observations:
· DL cross-carrier scheduling severely impacts the number of schedulable subframes in case the scheduling cell is operating TDD
· If there are many unlicensed LAA SCells scheduled using DL cross-carrier scheduling, there will be a problem with overhead on the licensed carriers
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCells.

Proposal:
· For DL-only LAA SCell, self-scheduling based on EPDCCH is supported
· Further study is needed on how to support DL cross-carrier scheduling from PDCCH on a carrier operating in licensed spectrum
· Further study is needed to assess the complexity of  supporting DL cross-carrier scheduling based on EPDCCH
Self-scheduling
For the case when LAA SCell operates both UL+DL, the DL scheduling with EPDCCH approach can be reused. For UL scheduling however some further considerations are required. The reason is that if the UL is scheduled from an LAA SCell which requires DL LBT at eNB and further if it is so that the UL transmission on the UE side requires UL LBT, the actual PUSCH transmission in this case requires two successive LBT procedures. More specifically, if the probability of a successful LBT is p, the probability of a successful UL grant and a successful UL transmission is then p2. Therefore, the design of the DL LBT algorithms needs to take this UL factor into consideration. Extensive DL+UL LAA coexistence evaluation results are provided and discussed in [2].
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Figure 1: UL+DL LAA SCell self-scheduling

Proposal
· For UL+DL LAA, DL scheduling based on self-scheduling with EPDCCH is supported
· For UL+DL LAA, UL scheduling based on self-scheduling with EPDCCH is supported
· A successful UL transmission requires a LBT success for grant transmission and a LBT success for PUSCH transmission. The design of the DL LBT algorithms needs to take this factor into consideration.

Cross-carrier scheduling
We start the analysis by considering cross-carrier scheduling from a carrier in licensed spectrum for UL scheduling. Using cross-carrier scheduling, it would be possible to avoid the case that both the eNB and UE are required to do LBT, by simply relying on the UE performing LBT before transmission. If the scheduling is FDD, cross-carrier scheduling is straightforward as shown in Figure 2. 
Observation:
· Assuming that the scheduling cell is FDD and that amount of unlicensed spectrum used is rather balanced compared to the amount of licensed spectrum, supporting cross-carrier scheduling for UL from (E)PDCCH may be beneficial.

However, if the scheduling cell would be operating TDD, there would be a need to support multi-subframe scheduling for the UL in order to get an efficient operation as shown in Figure 3. 
Furthermore, the cross-carrier scheduling design fundamentally does not scale well if the amount of unlicensed spectrum grows to a very large number. For such cases the only sensible options is to support self-scheduling on the same carrier as the one where UL will be transmitted. Consequently there is a need to define an LBT procedure that allows self-scheduling for both UL and DL for LAA to operate in a fair manner with Wi-Fi. In addition, a beneficial choice is to design cross-carrier scheduling solution for UL only while the DL is fully based on self-scheduling. This would however have some impacts on the UEs blind decodes potentially as the UE would need to search for DCI related to UL in one search space and DCI related to DL in another search space located on another carrier. 
Proposal:
· Cross-carrier scheduling for UL from (E)PDCCH can be considered to be supported together with self-scheduling for DL
· Further study is needed to determine if any enhancements for cross-carrier scheduling are required in case the scheduling cell is TDD 
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Figure 2: UL+DL based cross-carrier scheduling based on EPDCCH
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Figure 3: UL+DL based cross-carrier scheduling based on EPDCCH with a TDD scheduling cell

The above limitations with self-scheduling and cross-carrier scheduling are not solved by allowing cross-carrier scheduling between different LAA SCell. Hence, it is unclear if such operation yields any benefits. 

Observation:
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCells

Conclusions
In this contribution, we discussed both self-scheduling and cross-carrier scheduling for UL+DL LAA. The above discussion is summarized with the following observations and proposals:
Observations:
· Assuming that the scheduling cell is FDD and that amount of unlicensed spectrum used is rather balanced compared to the amount of licensed spectrum, supporting cross-carrier scheduling for UL from either (E)PDCCH may be beneficial
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCells

Proposal:
· For UL+DL LAA, DL scheduling based on self-scheduling with EPDCCH is supported
· For UL+DL LAA, UL scheduling based on self-scheduling with EPDCCH is supported
· A successful UL transmission requires a LBT success for grant transmission and a LBT success for PUSCH transmission. The design of the DL LBT algorithms needs to take this factor into consideration.
· Cross-carrier scheduling for UL from (E)PDCCH can be considered to be supported together with self-scheduling for DL
· Further study is needed to determine if any enhancements for cross-carrier scheduling are required in case the scheduling cell is TDD 
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