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1 Introduction
A new SI on Licensed-Assisted Access (LAA) using LTE was approved in RAN #65 [1]. RAN1 have studied the required functionalities in the scenario of both DL-only transmission and DL+UL transmission. With regard to the PHY layer options for LAA in terms of UL transmission, the discussions are started from RAN1 #AH_LAA meeting.
The followings are agreements on UL transmission in RAN1 #AH_LAA meeting.
Agreements:

· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO

In this context, we have studied on UL transmission for LAA in other contributions [2]. In this contribution, we discuss UL grant for LAA to be considered on perspective of CCA performed by UE.
2 Discussion

To meet the regulatory requirements on 5GHz unlicensed bands, channel access mechanism of CCA before any transmission is required for LAA using LTE. Therefore, in the case of DL+UL transmission, UEs should perform carrier sensing before UL transmission as well. In this context, it is necessary to consider the effect of CCA performed by UE. 
Consideration 1 
eNB may grant UEs the RBs of different UL subframes within a LAA UL transmission burst which consists of contiguous UL subframes in unlicensed band. Under the condition that all UEs should perform carrier sensing before UL transmission, certain UE could decide that channel is occupied whenever other UE’s UL transmission in the previous UL subframe is received in CCA duration. By the result of CCA, that UE doesn’t transmit UL signal even though the channel is accessible for it. Figure 1 is an example on this problem that can be happened regardless of LBE and FBE.
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Figure 1 – Example of consideration 1 
One of the possible solutions against consideration 1 is that eNB grants all UEs UL resources which consist of contiguous subframes from the first subframe of the LAA UL transmission burst. Because UL multiplexing of multiple UEs in frequency domain of one subframe would be supported as agreed in RAN1 #AH_LAA meeting, eNB enables to allocate all UEs scheduled in a LAA UL transmission burst into the same subframe. In this case, the number of RBs per UE in a subframe could be reduced by spreading total amount of the required RBs to contiguous subframes. The example of this possible solution for consideration 1 is depicted in Figure 2. Given this manner, uplink coverage can be expanded by using higher power spectrum density (considering the maximum PSD in the regulatory requirements) per subcarrier even in the condition of the same transmission power per subframe. Additionally, multi-subframes scheduling manner could be considered in order to reduce the overhead of DCI for UL grant on several DL subframes by informing UEs of the only RBs to be used in every contiguous scheduling UL subframes. In the case of CCA in the FBE, above possible solution may work well. It is because the scheduled all UEs perform CCA for channel access mechanism of FBE at UL subframe boundary exactly as Figure 3. 
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Figure 2 – Example of possible solution for consideration 1
Observation 1: When UEs are scheduled on different subframes, UL transmission from other UEs could interrupt UL transmission of certain UE.
Observation 2: If eNB grants all UEs UL resources which are contiguous subframes from the first subframe of the LAA UL transmission burst, interruption among UEs could be reduced when at least FBE based LBT mechanism is used in UE side.
Proposal 1: It is necessary to study on UL grant considering the effect of CCA performed by UEs.
Consideration 2
In the case of CCA in the LBE, more considerations are necessary due to random back-off in channel access mechanism of ECCA. The UEs scheduled in UL subframe n may try to observe the operating channel to check whether it is occupied or idle in subframe n-1. If other transmission is finished and channel become idle at the front portion of subframe n-1, UEs can perform ECCA to transmit UL signal at subframe n. However, the difference of starting time of ECCA and selected random back-off value between UEs would result in interrupting UL transmission of certain UE. Figure 4 is an example in where LAA UL transmission burst is followed by special subframe. After DL signals in DwPTS of special subframe is received, UE1, UE2 and UE3 perform an ECCA with randomly selected back-off counter. In example, UE3 with the shortest back-off counter transmits first PRACH or channel reservation signal in UpPTS even though start time for ECCA is the latest. Due to UE3’s signal, UE1 and UE2 detect the signal during ECCA and consider the channel to be occupied. 
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Figure 3 – Example of consideration 2 on ECCA performed by UEs
One of possible solutions for consideration 2 is for all scheduled UEs to utilize common back-off value which is randomly selected by eNB. The information could be conveyed together with UL grant. From many contributions on performance comparison between FBE and LBE, it seems that LBE has more beneficial than FBE in terms of performance. Therefore, the functionalities to support LBE for UL transmission should be considered.
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Figure 4 – Example of possible solution for consideration 2
Observation 3: If eNB inform UEs of common back-off counter, interruption among UEs could be reduced.
Proposal 2: It is necessary to study on using common back-off counter for ECCA performed by UE.
3 Conclusion
In this contribution, we have discuss UL grant for LAA to be considered on perspective of CCA performed by UE. We have the following observations and proposals:
Observation 1: When UEs are scheduled on different subframes, UL transmission from other UEs could interrupt UL transmission of certain UE.
Observation 2: If eNB grants all UEs UL resources which are contiguous subframes from the first subframe of the LAA UL transmission burst, interruption among UEs could be reduced when at least FBE based LBT mechanism is used in UE side.

Observation 3: If eNB inform UEs of common back-off counter, interruption among UEs could be reduced.
Proposal 1: It is necessary to study on UL grant considering the effect of CCA performed by UEs.
Proposal 2: It is necessary to study on using common back-off counter for ECCA performed by UE.
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