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1 Introduction

In RAN1#84 meeting, following agreement has been achieved on channel access mechanism of eLAA [1].
Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.

· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

· FFS: Conditions and restrictions on when these options are used
In this contribution, we discuss details of UL LBT for eLAA.
2 Discussion on UL LBT for eLAA
Different from DL LBT which only eNB performs LBT, more than one UEs will perform LBT for UL transmission at the same time. Coordination among UEs are required for successful UL LBT, thus control of eNB is required for UL LBT. For UL transmission, each UE is required to perform LBT before its transmission to avoid possible collision with hidden node. For this reason, each UL subframe is required to have blanked symbol(s) for UL LBT. The issue will be whether the blank symbol(s) for LBT is required for every UL subframe or not. An example of the case where every UL subframe contains blank symbol(s) is shown in Fig. 1. 
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Figure 1 – Possible problem when every UL SF has blanked symbol(s)
In the example, eNB schedules UE1 and UE2 on the same subframes, i.e. SF #1 and SF #2. In SF #3, only UE3 is scheduled. To transmit SF #1, UE1 and UE2 perform LBT on the blanked symbol(s) in front of SF #1. After transmission of SF #1, there will be another blanked symbol(s) for LBT of SF #2. However, since UE 1 and UE 2 has been scheduled for consecutive SFs, no LBT is required for transmission of SF #2. As a result, UE 1 and UE 2 will perform unnecessary LBT for SF #2 or blanked symbol(s) will be blanked for nothing. This will cause two problems: waste of resource and possible interferences from neighbouring networks. 
Observation1: Unnecessary blanked symbol(s) for LBT will cause waste of resources and possible interferences.
Alternative method is indication of SF which has blanked symbol(s) for LBT by eNB. Fig. 2 describes an example of indication for blanked symbol(s) contained SF. Different from the example of Fig. 1, since no LBT is required on SF #2, eNB would indicate that SF #2 does not contain blanked symbol(s) for LBT. Then, UE 1 and UE 2 could perform UL transmission for a whole SF#2. 
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Figure 2 – Benefit of SF indication which contains blanked symbol
Observation2: eNB’s indication for presence of blanked symbol(s) in subframe is beneficial.
Since presence of blanked symbol(s) highly related with scheduling information, dynamic signalling would be a proper method for the indication. In addition, presence of blanked symbol(s) has effects on subframe structure, thus it is cell-specific parameter. Therefore, it is reasonable to indicate presence of blanked symbol(s) in each subframe using common DCI. 
Proposal1: eNB indicates presence of blanked symbol(s) in subframe using common DCI.
In the previous meeting, support of CAT4 based UL LBT is agreed, but supporting of CAT 4 LBT in UL has some issues to be solved. The main issue would be using the same CWS and back-off counter for all UEs in the cell (Cell-specific) or assign different CWS and back-off counter for each UE (UE-specific). 
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Figure 3 – UE-specific back-off counter for UL CAT4 LBT
Fig. 3 describes an example of UE-specific back-off counter for UL CAT4 LBT. Each UE has its own CWS and chooses a random back-off counter within the CWS. Then, each UE probably has different back-off counter. As shown in Fig. 3, if UE 1 pick the largest back-off counter, UE2 and UE3 have to perform self-defer until the end of UE1’s LBT. How UE2 and UE3 to know the end of UE1’s LBT will also be an additional issue to solve. On the other hand, if UE2 and UE3 transmit reservation signal after their own LBT, it will prevent successful LBT of UE 1. As a result, after finishing of UE1’s LBT, UL transmissions of all UEs, including possible reservation signal, could be start. 
This kind of operation using UE-specific back-off counter will probably cause decreased channel access opportunity for LAA UL transmission. In addition, cell size of LAA will be relatively small, thus interference condition of each UE in LAA cell will be similar each other. Therefore, benefit of adopting UE-specific back-off counter seems negligible. Additionally, considering eNB’s complexity to manage each UE’s CWS, it seems no worth to consider UE-specific back-off counter. 
Observation3: Benefit of employing UE-specific back-off counter for UL CAT4 LBT is not clear meanwhile it will decrease channel access opportunity and increase eNB’s complexity.
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Figure 4 – Cell-specific back-off counter for UL CAT4 LBT
An alternative approach is employing cell-specific back-off counter for UL CAT4 LBT. An example of this approach is described in Fig. 4. In this method, eNB pick a random back-off counter within cell-specific CWS and indicates the common back-off counter for UEs in the cell. Each UE performs CAT 4 LBT using the common back-off counter, and start UL transmission simultaneously. Since every UE adopts the same back-off counter, there will be no issue with LBT block by other UE’s reservation signal or reduced channel access opportunity with unnecessary self-defer process. In addition, eNB is required to manage just one CWS for UL LBT process regardless of number of UEs in the cell. Since the back-off counter is common for all UEs in the cell, eNB could indicate it using common DCI which would require small overhead. 
Proposal2: Cell-specific contention window size adjustment is used for UL CAT4 LBT.
Proposal3: eNB indicates a common back-off counter for UL CAT4 LBT to UEs in the cell using common DCI.
3 Conclusion
In this contribution, we discussed UL LBT for eLAA and provide following proposals. 
Proposal1: eNB indicates presence of blanked symbol(s) in subframe using common DCI.
Proposal2: Cell-specific contention window size adjustment is used for UL CAT4 LBT.

Proposal3: eNB indicates a common back-off counter for UL CAT4 LBT to UEs in the cell using common DCI.
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