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1 Introduction
During RAN WG1 #79 meeting, the regulatory requirements on the unlicensed spectrum were discussed and the following agreements were achieved [1]:
Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization
In this contribution, we present our views on the UL scheduling design in LAA system.
2 UL scheduling in LAA system
In LTE design, the UL transmission is initialized by the UL scheduling grant and UE will perform UL transmission using the indicated transmission scheme. However, LAA systems need to compete for the resources on the unlicensed carriers, the CCA detection is needed before performing the data transmission to guarantee the fair sharing between the systems. Thereby, it is possible that UEs need to wait for the available resource to carry UL transmission even when the data arrives as illustrated in figure 1. 
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Figure 1: Illustration of the UL scheduling problem in LAA

How to deliver the UL scheduling grants for LAA systems need to be carefully addressed. We analyze the solutions based on two possible cases.
2.1 CCA before UL scheduling grant
In this case, the UE would perform CCA detection before the eNB transmits the UL scheduling grants. When the UL carriers are detected to be free, the eNB would transmit the UL scheduling grants indicating the UL transmission on the detected carrier. Considering the rich bandwidth resource on the unlicensed bands, e.g, 5GHz, it is possible that UEs can find multiple available UL carriers based on their service requirements. UEs should report the target carriers that are detected to be free to the serving eNB. After receiving the reports, the serving eNB could decide which carrier(s) are chosen to carry the UL transmission and indicate this in the corresponding UL scheduling grant(s). Note that, the scheduling can be transmitted by either Pcell or Scell, DL CCA is needed if the Scells carry the scheduling grants. Also it may be possible the multiple subframes could be scheduled by a single scheduling grant to save the signaling cost as illustrated in figure 2
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Figure 2: Illustration of proposed solution

In traditional LTE design, the UL transmission should be performed on subframe n+4 with respect to the UL scheduling grant received on subframe n. However in LAA system, the maximum occupancy time is different in different regions. For example, the maximum occupancy time is 4ms in Japan. In order to save the spectrum efficiency as well as to align the solutions in different region, it is suggested that the time gap between the UL scheduling grant and corresponding UL transmission should be reduced. The gap could be either a pre-defined or an informed value. 

Observation 1: The time gap between the UL grant and the corresponding UL transmission should be modified for LAA operation if the CCA detection is implemented before the UL scheduling grant.
Observation 2: Multiple subframes could be scheduled by a single scheduling grant to save the signaling cost if the CCA detection is implemented before the UL scheduling grant.
2.2 CCA after UL scheduling grant
In this case, once the packets arrive at the UE, the serving eNB would transmit the UL scheduling grant and then instruct the UEs to perform CCA detection. This means eNB don’t know whether the UEs have available resource to carry UL transmissions on the unlicensed carriers. 
Several alternatives can be considered to address this problem. For example, eNB could transmit the UL scheduling grant on subframe n, and UE would start to perform CCA detection. If the UE managed to find the available resource on unlicensed carriers before subframe n+m, the UE will transmit the UL data on unlicensed carriers, otherwise, UE will transmit UL data on licensed carrier on subframe n+m. m could be a predefined or an informed value. 
Comparing the two schemes, CCA detection before UL scheduling grant may bring the benefit of signaling overhead reduction; however the specs impact is expected to be higher as the time gap between UL scheduling grant and UL transmission need to be modified. Thereby, it is preferred that the CCA detection should be performed after the UL scheduling grant.
Proposal 1: For the UL transmission in LAA system, it is preferred that the CCA detection should be performed after the UL scheduling grant.
3 Conclusions
In this contribution, we present the discussion on UL scheduling design in LAA. Two schemes are analyzed for the UL scheduling design, one is CCA detection before UL scheduling grant, the other one is CCA detection after UL scheduling grant. The following observations are made
Observation 1: The time gap between the UL grant and the corresponding UL transmission should be modified for LAA operation if the CCA detection is implemented before the UL scheduling grant.
Observation 2: Multiple subframes could be scheduled by a single scheduling grant to save the signaling cost if the CCA detection is implemented before the UL scheduling grant.
Based on our analysis, we have the following proposal:
Proposal 1: For the UL transmission in LAA system, it is preferred that the CCA detection should be performed after the UL scheduling grant.
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