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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 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 LBT frame in LTE
Regarding the mechanism (FBE or LBE) and channel detector, four alternatives could be considered when the channel detector needs to transmit data.

· Alt. 1: eNB detects DL channel with FBE
· Alt. 2: eNB detects DL channel with LBE

· Alt. 3: UE detects UL channel with FBE

· Alt. 4: UE detects UL channel with LBE
Accordingly, the frame designs in respect to above four alternatives are illustrated as follows:
· Alt. 1: eNB detects DL channel with FBE;

The CCA time, channel occupancy time and CCA repetition period are predefined or configured in this solution. Once the eNB detects the availability of the channels, it could start the DL channel reservation signal or data transmission immediately. Fig. 1 shows the frame structure of Alt. 1 for SDL case. 
For TDD case, it is preferred that DL channel reservation signal(s) or data can be transmitted after CCA since the maximum channel occupancy time starts after eNB’s CCA operation. Thereby, it is suggested that the CCA time in TDD frame structure is the last UL subframe (option 1) or the DL subframe adjacent to UL subframe (option 2). Fig. 2 a) and b) show an example of option 1 and option 2 for TDD UL/DL configuration 1. However, it is expected that the spectrum efficiency is impacted due to the additional idle time, thus it is suggested that the special subframe can be used to perform CCA detection and the GP can be used as idle time.
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Fig. 1: Frame structure of Alt. 1 for SDL (10ms frame period)
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Fig.2: Frame structure of Alt. 1 for TDD (5ms frame period)

· Alt. 2: eNB detects DL channel with LBE;

The primary serving cell should trigger the CCA detection immediately using LBE if the packets arrive. In this case, it is difficult to achieve the synchronization of CCA time for different LAA eNBs and it is possible that the frequency reuse factor one is not guaranteed. And also for both SDL and TDD case, the CCA time with LBE could be configured in any subframe regardless of DL, UL or special subframe in order to reduce the latency as illustrated in Fig. 3. Once the eNB detects the availability of the channels, it can start the DL channel reservation signal or data transmission immediately.

As discussed in RAN1 79th meeting, data transmission may not start at the subframe boundary. Two options can be considered regarding the starting point of the data transmission:

1) Option a: in the middle of a subframe

2) Option b: in the beginning of a subframe

Obviously, option b can reduce the UE’s detection complexity, however, the spectrum efficiency is reduced either. Thus, it is preferred that the starting point of the data transmission is in the middle of a subframe.
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Fig. 3: Frame structure of Alt. 2 
· Alt. 3:UE detects UL channel with FBE;

Similar to Alt. 1, it is better that uplink channel reservation signal or data transmission can be performed after UL channel CCA since the maximum channel occupancy time starts after CCA. Thus the preferred UL channel CCA time in TDD frame structure is the special subframe in which the GP can also be used as idle time as illustrated in Fig. 4. 
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Fig. 4: Frame structure of Alt. 3
· Alt. 4:UE detects channel with LBE;

The frame structure is similar to Fig. 3 of Alt.2. Considering the regulation of LBE, the CCA should be performed immediately when traffic arrives. However, there is a difference between LTE and WiFi systems. In the LTE system, more than one UE can be scheduled by the serving eNB. While in the WiFi system, one terminal occupies the whole bandwidth. So far, how to define an 80% bandwidth at UE side is still under discussion. If more than one UE can be scheduled for UL transmission in a LAA cell, it is better that the UE’s CCA time is controlled by eNB. Otherwise, it is possible that UE#1 is performing channel detection while UE#2 is transmitting data to eNB, and thus, UE#1 may decide channel is busy. But in fact, UE#1 and UE#2 can be scheduled to perform UL transmission simultaneously through different RB.
Proposal 1: It is preferred that the starting point of the data transmission is in the middle of a subframe using LBE.
Proposal 2: The special subframe can be used to perform CCA detection and the GP can be used as idle time for TDD using FBE.
2.2 Analysis of each LBT mechanism
Comparing the above Alt 1 and Alt 2 for SDL case, more access opportunities are expected using LBE, however, this may bring the complexity, thus it is slightly preferred that FBE is adopted for SDL case.
For TDD case, the following four mechanisms can be recognized:

· Mechanism 1: eNB detects DL channel with FBE and UE detects UL channel with FBE

· Mechanism 2: eNB detects DL channel with FBE and UE detects UL channel with LBE

· Mechanism 3: eNB detects DL channel with LBE and UE detects UL channel with FBE

· Mechanism 4: eNB detects DL channel with LBE and UE detects UL channel with LBE

Table I: Pros and Cons. of each mechanism
	
	Pros.
	Cons.

	Mechanism 1

	· Frequency reuse factor 1;

· Reuse idle time.
	· Long delay on waiting for CCA time at eNB side and UE side.

	Mechanism 2
	· Frequency reuse factor 1;

· Short delay on waiting for CCA time at UE side.
	· Long delay on waiting for CCA time at eNB side;

· Independent CCA time for DL and UL, low resource usage efficiency.

	Mechanism 3
	· Short delay on waiting for CCA time at eNB side.
	· Long delay on waiting for CCA time at UE side;

· Frequency reuse factor higher than 1；

· Independent CCA time for DL and UL, low resource usage efficiency.

	Mechanism 4
	· Short delay on waiting for CCA time at eNB side and UE side.
	· Frequency reuse factor higher than 1；

· Independent CCA time for DL and UL, low resource usage efficiency.


As analyzed in table 1, several factors such as frequency reuse factor, delay on waiting for CCA time and physical layer impact may influence the choice of the LBT mechanism for TDD case, more assessment on the choices need to be considered
Proposal 3: The LBT mechanism for TDD case need to be carefully considered regarding the frequency reuse factor, delay for CCA time and physical layer impacts.
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: It is preferred that the starting point of the data transmission is in the middle of a subframe using LBE.
Proposal 2: The special subframe can be used to perform CCA detection and the GP can be used as idle time for TDD when UE detects UL channel using FBE
Proposal 3: The LBT mechanism for TDD case need to be carefully considered regarding the frequency reuse factor, delay for CCA time and physical layer impacts.
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