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[bookmark: _Ref301342314]Introduction
It the previous meeting [1] the UL LAA was discussed. In this contribution, we consider further details of the functionalities of the UL LAA especially for the UL grant, the UL LBT and the DL/UL switching.
Consideration on UL grant
In UL LAA, we believe UE should perform LBT before the UL transmission. Therefore, UEs must have some flexibility to decide if they should transmit data. Unlike licensed LTE, eNB cannot control the exact timing of UL transmission. Figure 1 show the delay in a UL Transmission when UL grant is transmitted to the UE. As shown in the figure after the eNB sends an UL grant to the UE, the UE may not be able to transmit its data in the required subframe due to the LBT failure. In addition, if the eNB sends another UL grant the next UL data transmission opportunity may not occur for a long period of time, causing a large delay in the UL LAA transmissions.
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Figure 1: Example of the delay of UL transmission

Therefore, we propose two or more potential subframes as the data transmission opportunities to be indicated in one UL grant sent by the serving eNB. As shown in Figure 2, the delay between the two potential subframes can be small and/or fixed.
Proposal 1:
Two or more candidate subframes should be indicated in one UL grant for UL LAA.

[image: ]
Figure 2: Example of proposed UL grant

In addition, we support each UE occupy at least 5MHz in UL transmission because eNB cannot exactly control UE transmission due to UE LBT. In such case, the UL grant DCI bits used for indicating the frequency position of resource blocks can be reduced and the bits for candidate subframe should be added.

Proposal 2:
The UL grant DCI bits used for indicating the frequency position of resource blocks can be reduced and the bits indicating the candidate subframes should be added.
Issue on UL LBT
In this section we consider another issue related to the UL LBT. As shown in Figure 3, if the eNB allocate the continuous subframes for multiple UEs (UE1 and UE2), then it is possible one of the UEs may experience LBT failure. 

[image: ]
Figure 3: Example of continuous transmission between 2 UEs.

Therefore, we propose eNB should be able to send an indication to the UE 1 to omit the last symbol in order to coordinate a continuous transmission with the second UE 2. This indication should be included in UL grant because the need for omitting the last symbol changes dynamically. 
Proposal 3:
eNB should be able to send an indication to the UE to omit transmitting the last symbol.



The DL and UL switching
In this section we focus on the DL and UL switching for DL + UL LAA. In the case of DL to UL switching, special subframe (see Figure 4 top) should be specified. The number of this special subframe should be smaller. On the other hand, we believe the eNB should have the flexibility to schedule the switching between the DL and the UL. This approach is different from the existing TDD-frame configuration in the current specification. If we apply the existing TDD fixed DL/UL configuration then the eNB has to wait for the switching time when either DL or UL has no data for transmission. 
Figure 4 is an example of DL to UL switching and UL to DL switching. As shown in this figure, we believe in case of UL to DL switching, RAN1 should consider the guard period for DL LBT at the end of the UL transmission.

Proposal 4:
The eNB should have the flexibility to schedule the DL to UL switching occasion and the UL to DL switching occasion.
Proposal 5:
RAN1 should consider the guard period for DL LBT at the end of the UL transmission.

[image: ]
Figure 4: DL to UL switching and UL to DL switching.

Conclusions
Proposal 1:
Two or more candidate subframes should be indicated in one UL grant for UL LAA.
Proposal 2:
The UL grant DCI bits used for indicating the frequency position of resource blocks can be reduced and the bits indicating the candidate subframes should be added.
Proposal 3:
eNB should be able to send an indication to the UE to omit transmitting the last symbol.
Proposal 4:
The eNB should have the flexibility to schedule the DL to UL switching occasion and the UL to DL switching occasion.
Proposal 5:
RAN1 should consider the guard period for DL LBT at the end of the UL transmission.
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