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1 Introduction

In RAN1#81 meeting, following principle has been agreed on UL LBT[1].
Agreement:
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations
To support uplink transmission in Rel-14 eLAA, channel access mechanism should be discussed in advance. In this contribution, we discuss UL LBT considering scheduling method.
2 Discussion on uplink channel access mechanism for eLAA
Discussion on uplink channel access mechanism such as LBT category should be discussed with priority considering coexistence with other unlicensed devices such as Wi-Fi. The main purpose of channel access mechanism, i.e. LBT is to protect other networks by sensing the channel before they transmit. Other techniques such as random back-off and contention window adjustment are additional features to avoid collision and to guarantee fairness among networks. Fig. 1 describes an example of possible problem for uplink channel access in eLAA.
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Figure 1 – Example of possible problem for uplink transmission without LBT at UE
In study item phase, there have been discussions on UL transmission without LBT at UE. However, as described in Fig. 1, UL transmission without LBT at UE will cause possible interferences to other networks such as Wi-Fi. LBT procedure of eNB instead of UE would have limited functionality. Decreasing of ED threshold of eNB would be one of possible solution. However, channel condition difference caused by shadowing and multi-path environment would make hard to replace sensing of UE at eNB side. 
Observation1: For UL transmission, LBT would be needed at UE to avoid hidden node problem.
There have been intensive discussion on DL LBT procedure regarding LBT category, contention window adjustment and ED threshold. Contention window size adjustment and ED threshold could follow what was agreed in Rel-13 DL specification. However, LBT category decision will be different from that of DL due to UL grant. Fig. 2 and Fig. 3 illustrate UL channel access with self-carrier scheduling and cross-carrier scheduling, respectively. 
In Fig. 2, DL LBT is carried out with random back-off to transmit DL burst. The DL burst contains UL grant for UL subframe. Required process for UL transmission with self-carrier scheduling could be simply noted as DL LBT -> UL grant -> UL LBT -> UL Tx. 
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Figure 2 – UL channel access with self-carrier scheduling
In Fig. 3, UL grant is transmitted via licensed cell which does not need LBT procedure. UE which received UL grant performs UL LBT and transmit UL burst. UL transmission procedure with cross-carrier scheduling would be UL grant -> UL LBT -> UL Tx.
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Figure 3 – UL channel access with cross-carrier scheduling
As described above, self-carrier scheduling requires an additional DL LBT for UL transmission. Therefore, considering fairness between eLAA cells, UL LBT parameters need to be different between self-carrier scheduling and cross-carrier scheduling. 
Proposal1: Different UL LBT parameters for self-carrier scheduling and cross-carrier scheduling would be required.
As explained above, a LBT is a functionality to protect other networks while random-back off or contention window size adjustment are features to avoid collision and to guarantee fairness among networks. For self-carrier scheduling, DL LBT with CAT 4 random back-off is performed to transmit UL grant. Then, fairness with other networks is already reflected in DL LBT procedure. If the same LBT scheme is applied for UL LBT, UL transmission would have double back-off which could reduce transmission opportunity. Therefore, UL LBT with self-carrier scheduling would only require functionality to protect other networks. Random back-off would not be necessary for UL LBT, and a single shot LBT would be fine to achieve functionality of other network protection.

Proposal2: For UL LBT with self-carrier scheduling, random back-off would not be required.
For cross-carrier scheduling, UL grant transmission from licensed cell does not require LBT procedure. As a results, UL LBT is the only LBT in cross-carrier scheduling, thus it should consider two functionalities, other network protection and fairness guarantee, simultaneously. Therefore, considering fairness among other networks, LBT scheme with random back-off would be required for UL LBT for cross-carrier scheduling. 
Proposal3: For UL LBT with cross-carrier scheduling, random back-off would be required.
Details of UL LBT parameter should be further discussed together with frame structure of eLAA. 
Proposal4: Details of UL LBT parameter should be further discussed together with frame structure of eLAA.
3 Conclusion
In this contribution, we discussed uplink channel access mechanism for eLAA and provide following proposals. 
Proposal1: Different UL LBT parameter for self-carrier scheduling and cross-carrier scheduling would be required.
Proposal2: For UL LBT with self-carrier scheduling, random back-off would not be required.

Proposal3: For UL LBT with cross-carrier scheduling, random back-off would be required.
Proposal4: Details of UL LBT parameter should be further discussed together with frame structure of eLAA.
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