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Introduction
In RAN1#84, PUSCH design was discussed and the following agreements were made [1].
 (
Agreements:
For 
eLAA
, flexible timing between UL grant and UL transmission is supported
For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
Option 1) Single UL grant in a subframe for a UE can schedule N (N
1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
FFS: N is consecutive or non-consecutive
Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single 
PUSCH transmission  
among one of the multiple subframes depending on UL LBT result
FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following option
s
 1 
and 2 
for certain UL subframes.
)
In this contribution we provide our views on uplink subframe structures in LAA carrier. 
Multiple subframe scheduling
In RAN1#84, it was agreed that, for UL transmission in eLAA SCells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported. Moreover, scheduling methods were also discussed and it was agreed that UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes. Based on these agreements, three possible options for realizing those features were clarified as follows:
· Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe.
· [bookmark: _Hlk447124252]FFS: N is consecutive or non-consecutive.
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes.
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission among one of the multiple subframes depending on UL LBT result.
In some situations, the network may need uplink heavy configurations. In the legacy TDD operation, the eNB can transmit two UL grants in a downlink subframe for different UEs so that consecutive uplink subframes are scheduled to the different UEs. Eventually, all of the uplink subframes can be well utilized. For eLAA carriers, however, this may not be a suitable scheduling scheme, since each UE has to perform LBT per subframe. Option 1 and Option 2 solve this issue, but Option 3 does not. Therefore, Option 3 by itself is not a good choice though the principle of multiple channel access attempts may be beneficial. Regarding a comparison between Option 1 and Option 2, Option 1 is preferred from the viewpoint of knowledge sharing between the eNB and the UE. More specifically, with Option 1, if the UE detects the single UL grant, the UE finds out all scheduled PUSCHs. In contrast, Option 2 requires successful detections of all of the transmitted UL grants for the UE to know all of the scheduled PUSCHs.
Proposal 1:
· Option 1 with consecutive subframes is supported, i.e. a single UL grant in a subframe for a UE should be able to schedule N (N1) PUSCH transmissions for the UE in N consecutive subframes with single PUSCH per subframe.

Blanked symbol for LBT purpose
LBT timing for the earliest subframe of consecutive subframes
When a UE is scheduled with PUSCH transmission in subframe n, the UE has to perform LBT before the transmission. Two possible sensing durations can be considered.
· Alternative 1: The last symbol(s) in subframe n-1,
· Alternative 2: The first symbol(s) in subframe n.
From the UL LBT performance perspective, there is no difference between them. With Alternative 1, the last symbol(s) of DRS only subframes or downlink end partial subframes can be utilized for UL LBT. Thus, if the previous subframe is used, the eNB should configure the subframe format to provide CCA gap for the scheduled UL LAA transmission. On the other hand, alternative 2 enables all of uplink transmission procedure to be contained in a single uplink subframe, thus it does not have restrictions on the structure of the previous subframe.
LBT for the 2nd or later subframe of consecutive subframes
Another issue is whether or not the UE has to perform LBT for PUSCH transmission in subframe n+1, when a UE transmits PUSCH in subframe n. There are two possible ways.
· Alternative A: No LBT.
· Alternative B: LBT is performed in each UL subframe.
Alternative A follows the same principle as a downlink transmission. Once a node gets a channel though LBT, the node is allowed to transmit a signal continuously within MCOT. With Alternative A, if a UE gets the channel and starts to transmit a signal, the other UEs may not have a chance to transmit a signal until the transmission ends. 
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Figure 1: No LBT for the 2nd and later subframe.
In Alternative B, if UE has to perform regular LBT independently in each UL subframe, then a CCA gap has to be reserved for each UL subframe. This will introduce too many contentions for UL transmission and is somehow contradicting to the purpose of multi-subframe scheduling. Another option of Alternative B is to follow a similar special handling method in DL LAA to satisfy the regulation in Japan. Even in the MCOT of a given UE after it gets the channel, this option enables the other UEs to start their transmissions at subframe boundaries, which is beneficial in terms of multiplexing with a single uplink subframe transmission for downlink HARQ-ACK reporting. However, even if the UE scheduled with consecutive subframes gets a channel access for the first subframe, the UE may have to give up the transmission in the second and later subframes.
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Figure 2: LBT for each subframe.
Available REs for PUSCH
When a UE gets a channel and transmits PUSCHs in subframe n and n+1, there are two possible approaches in terms of PUSCH RE rate matching depending on the LBT alternatives.
· Alternative X: Both the last symbol(s) in subframe n+1 and the first symbol(s) in subframe n are available for PUSCH transmissions.
· Alternative Y: Either the last symbol(s) in subframe n+1 or the first symbol(s) in subframe n are not available for PUSCH transmission.
If no LBT is needed for the second and later subframes, Alternative X is the more appropriate scheme, since it maximizes RE utilization. When no LBT for the 2nd or later subframe and the full utilization of SC-FDMA symbols across a subframe boundary are assumed, LBT for the earliest subframe of the consecutive subframes should be performed before the starting subframe boundary of the earliest subframe so that PUSCH RE mapping is not affected by a channel access result. Otherwise, the eNB has to blindly detect the PUSCH RE mapping scheme, since PUSCH RE mapping of the second or later subframe depends on when the UE gets the channel, as shown in Figure 3. From the UE multiplexing point of view, a continuous UL LAA transmission with alternative X will block another LAA UE from transmitting even if it needs to report UCI on the LAA cell.
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[bookmark: _GoBack]Figure 3: PUSCH RE mapping in the 2nd or later subframe.
If LBT for the second and later subframes is adopted (i.e. Alternative B), Alternative X is not valid. Given that Alternative B and Alternative Y are used, PUSCH RE mapping does not change irrespective of the timing of succeeding in the channel access. Therefore, both Alternative 1 and 2 work well, i.e. the potential LBT region for PUSCH transmission in subframe n can be performed either on the last symbol(s) in the subframe n-1 or the first symbol(s) in the subframe n.
Proposal 2:
· Either one of the following solutions should be adopted:
· Solution 1: LBT for the first subframe of scheduled consecutive subframes is performed in the last symbol(s) of the previous subframe. No LBT for the 2nd or later subframe. When two consecutive subframes are available for PUSCH transmissions, symbols immediately before and after the subframe boundary are available for the PUSCH transmissions.
· Solution 2: LBT for every subframe within scheduled consecutive subframes. Either the first or the last symbol(s) in every subframe is not available for PUSCH transmissions

Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:
· Option 1 with consecutive subframes is supported, i.e. a single UL grant in a subframe for a UE should be able to schedule N (N1) PUSCH transmissions for the UE in N consecutive subframes with single PUSCH per subframe.
Proposal 2:
· Either one of the following solutions should be adopted:
· Solution 1: LBT for the first subframe of scheduled consecutive subframes is performed in the last symbol(s) of the previous subframe. No LBT for the 2nd or later subframe. When two consecutive subframes are available for PUSCH transmissions, symbols immediately before and after the subframe boundary are available for the PUSCH transmissions.
· Solution 2: LBT for every subframe within scheduled consecutive subframes. Either the first or the last symbol(s) in every subframe is not available for PUSCH transmissions
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