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1 Introduction
During RAN WG1 #78bis meeting, the regulatory requirements on the unlicensed spectrum are discussed and the following agreements are achieved [1]:
Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In this contribution, we present our views on the potential solutions of LBT mechanism for LAA.
2 LBT mechanism for LAA
According to LBT requirements defined by ETSI, Clear Channel Assessment (CCA) is required using energy detection within a CCA time before actual data transmission for both FBE and LBE [2]. If the detected energy level is below the CCA threshold, the channel can be used for a duration defined as the Channel Occupancy time. After that, another CCA check is required.
As stated in the LAA SID, it is important to guarantee the fair sharing between the LAA system and other RATs. How to introduce the LBT in LAA design should be carefully considered.
2.1 Channel detector

In WiFi system, the channel detection is performed by the transmitter [3]. Either the AP or the terminal needs to access the availability of the channel before initializing the data transmission. While in the LAA design, three alternatives could be considered.
· Alt. 1: both eNB and UE detects the channel availability
In this solution, the transmission can only be started when both eNB and UE claims the availability of the channel. The eNB could first check the availability of the candidate channels, and then instruct the UE to perform the channel check of the available channels. After receiving the UE’s feedback, the eNB could select the appropriate channel to perform the transmission and inform UE of channel selected for data transmission. 
· Pros: 
· Avoid the hidden node problem. 
· Cons: 

· Both eNB and UE need to detect channel. 

· Channel state indication should be defined. 

· Long latency.
· Alt. 2: eNB detects both DL and UL channel;

In this solution, only the eNB performs the channel detection. Once the eNB detects the availability of the channels, it will start the transmission immediately.
· Pros: 
· It is simple. 
· Short latency.

· It is beneficial for the UEs’ power saving.
· Cons:

· Hidden node problem. 
· Alt. 3: UE detects both DL and UL channel;

In this solution, only the UE performs the channel detection. The UE could first detect the availability of the channels, and then indicate the available channels to the eNB. After that, the eNB will allocate resource to the UE by scheduling. 

· Pros: 

· It is simple. 

· Short latency.
· Cons:

· Hidden node problem. 

· Power consumption of UE.

· Channel state indication should be defined.
Proposal 1: The alternatives to perform the channel detection should be discussed considering channel detection performance, complexity, UE’s power consumption and latency.    
2.2  CCA time 

In WiFi system, CCA time is in term of tens of microseconds. While in LBT design, the CCA time should be not less than 20 microseconds. Considering the fixed time length of the subframe defined in LTE system, it should be decided how to introduce the CCA time into the LTE subframe. Two alternatives could be considered for the CCA time length in LAA design.
· Alt. 1: tens of microseconds
In this solution, the CCA time can be less than one symbol.
· Pros: 
· More competitive advantage for channel occupancy. 
· Transmitter/receiver switching time could be reserved. If the CCA time of eNB appears in a DL subframe, the remaining time of CCA symbol can be used for transmitter/receiver switching.
· Cons: 
· Not match the frame structure of LTE. 
· Low accuracy of channel state detection.

· Alt. 2: one or more symbols 

· Pros: 
· It is simple.

·  High accuracy of channel state detection.
· Cons: 
· Less competitive advantage for channel occupancy.

· Need another symbol for transmitter/receiver switching
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Figure 1, the CCA time located within one symbol
The CCA time of these two alternatives are not larger than one subframe. Thus the remaining time in the subframe can be used for three usages. Use case 1: it can be used as idle time. Use case 2: it can be used for channel reservation signal transmission. Use case 3: it can be used for data transmission. 
Proposal 2: It is slightly preferred that the CCA time is defined as one or more symbols. 
2.3 Channel occupancy time length

In WiFi system, the channel occupancy time is defined by the maximum data size. While in LBT requirement, it is defined by a few milliseconds.  Here we will give some analysis on these two solutions in LAA.
· Alt. 1: in terms of millisecond.
· Pros: 
· Align with the LTE frame structure and the allowed transmitted data size depends on the channel state. This method can obtain high channel usage efficiency. 
· It is easy to define a fixed frame period if FBE is used in LAA.

· Cons:

· It is difficult to set a suitable channel occupancy time to guarantee the fairness between LAA and WiFi. 
· Alt. 2: octets of packet size allowed to be transmitted
· Pros: 

· It is easy to set a suitable channel occupancy time to guarantee the fairness between LAA and WiFi. 

· Cons:

· It is complicated to align with the LTE frame structure. Meanwhile, the fixed maximum data size cannot provide high channel usage efficiency, as it is possible that the system with the bad channel will occupy the channel in a long time.

· It is difficult to define a fixed frame period if FBE is used in LAA.

Proposal 3: It is preferred that the channel occupancy time is defined in terms of milliseconds considering the complexity of LAA design.
3 Conclusions
In this contribution, we present the discussion on LBT mechanism in LAA. Based on our analysis, we have the following proposals:
Proposal 1: The alternatives to perform the channel detection should be discussed considering channel detection performance, complexity, UE’s power consumption and latency.
Proposal 2:  It is slightly preferred that the CCA time is defined as one or more symbols. 
Proposal 3: It is preferred that the channel occupancy time is defined in terms of milliseconds considering the complexity of LAA design.
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