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1 Introduction
In RAN1#80 meeting, four LBT schemes were categorized for LAA channel access [1].
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window

· Category 4: LBT with random back-off with variable size of contention window

Note: Contention window is the maximum possible random back-off value

Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible

· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4
In last RAN1-80bis meeting, the following alternatives are considered to improve the frequency reuse for LBE for DL LAA was concluded [2]
Conclusions:

· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1 CCA threshold adaptation

2 Tx start timing alignment

3 Signal subtraction from ED or modified ED
4 Combination of those options or other alternatives are not precluded.

In this contribution, we present our views on problems of each LBT schemes and show some enhancements needed for LBT schemes including both LBE (Load Based Equipment) and FBE (Frame Based Equipment).
2 LBT schemes
2.1 LBT category 2
LBT category 2 is the FBE scheme. With this scheme, CCA time appears periodically. 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. If the detected energy is higher than the CCA threshold, the channel cannot be occupied. CCA check can only be performed until the CCA time in next period.
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Fig. 1, the frame structure of FBE scheme
The benefit of FBE scheme is that it is easy to realize frequency reuse factor 1 by synchronized CCA time of same operator. But the disadvantage is less CCA chances to occupy channel and the CCA time is fixed in each period. Thus it may introduce unfairness coexistence between different operators. For example, in Fig. 2, CCA time of Operator 1 appears earlier than that of Operator 2. It is possible that Operator 2 detects channel busy for a long time just because the channel is occupied by Operator 1. Thus long delay in Operator2 is expected which leads to the unfair coexistence between the operators.
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Fig. 2, the problem of FBE scheme
2.2 LBT category 3/4

LBT category 3 is the LBE scheme with a fixed contention window and LBT category 4 is the LBE scheme with a variable contention window. For both of LBE schemes, CCA time can be allocated immediately when traffic arrives. And after the channel occupancy time or if the channel is detected busy, extended CCA will be started to continue the channel check. From this aspect, LBE has more CCA check opportunities than that of FBE. But the problem of LBE schemes is the frequency reuse factor. Since the random traffic arriving time and the random value of N in contention window, it is difficult to synchronize the transmission starting point of equipments of the same operator. 
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Fig. 3, the frame structure of LBE scheme
3 Enhancements for LBT
3.1 Enhancements for LBT category 2
If FBE is used in LAA system, further enhancement should be considered to realize the fairness coexistence. The following methods can be considered to solve the problem as discussed in section 2.1.
Method 1: coordinated CCA time between different operators
Firstly a CCA time window should be defined. There is more than one CCA time in each CCA time window, one CCA time during which can be selected by each operator. For example, in Fig. 4, operator 1 selects the first CCA time in the first CCA time window and selects the third CCA time in the second CCA time window. And the cycle is repeated in next two CCA time windows. While operator 2 selects the third CCA time in the first CCA time window and selects the first CCA time in the second CCA time window. And also the cycle is repeated in next two CCA time windows. In this case, sometimes the CCA time of operator 1 appears earlier and other times the CCA time of operator 2 appears earlier. Thus the channel can be occupied alternatively and fairness coexistence is ensured.
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Fig. 4, the example of coordinated CCA time between operators
Method 2: LBT period adaptation
With this method, if the channel has been detected busy for a long time by Operator 2, it will use a short LBT period. In this case, more CCA time is available and Operator 2 can occupy the channel with higher possibility. Fig. 5 shows an example of this method. We can see that in the first two periods, Operator 2 detects the channel in CCA time, but it is busy because the channel is occupied by Operator 1. Thus in the third period, Operator 2 changes the long period into the short period and detects channel idle during the idle time of Operator 1. Thus the channel will be occupied by Operator 2 for several periods. After that, Operator 1 may use short period as same to Operator 2 did before since Operator 1 will detect channel busy for a long time in near future. So the channel will be shared fairly by these two operators in time domain.
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Fig. 5, the example of LBT period adaptation
Proposal 1: If FBE is to be used in LAA, some enhancement such as coordination between operators or LBT period adaptation could be considered to improve the fairness between LAA-LAA coexistence.

3.2 Enhancements for LBT category 3/4
If LBE is used in LAA, the enabling frequency reuse for transmission by neighbor LAA cells of the same operator should be considered. With LBE mechanism, the CCA time will be started randomly and the value of N in contention window is randomly selected. In this case, it is difficult to maintain synchronization of transmission of the same operator. It means that when cell#1 detects the channel state, the energy from neighbor cell#2 of the same operator will be detected together with energies from other operators. Several methods have been considered to solve this problem in last meeting.
1 CCA threshold adaptation

2 Tx start timing alignment
3 Signal subtraction from ED or modified ED
With method 1, CCA threshold adaptation, frequency reuse can be improved as well as inter-cell interference. With method 2, Tx start timing alignment, the transmission time will be restricted and the advantage of LBE over FBE will be limited. With method 3, signal subtraction from ED or modified ED, the signal from same operator or different operator need to be differentiated. In this case, the operator identification will be transmitted. As the time length of CCA may be shorter than a symbol, if the operator identification needs to be detected in each CCA time, the transmission time granularity should be smaller than the time length of CCA. Or the CCA time should be extended to the same length of symbol and transmit the operator identification in each symbol.  
In last RAN1 meeting, it was concluded that these three methods should be further studied. But other alternatives are not precluded. Thus in this contribution, we introduce another method: Use orthogonal subcarrier to transmit channel occupied indication.
4 Use orthogonal subcarrier to transmit channel occupied indication 
With method 3, the energies from each operator are overlapped together and need to be differentiated at the receiver, which will introduce the complexity at the receiver. While with method 4, we want to use different resource to transmit channel occupied indication for different operators, for example, use orthogonal subcarrier. The principle of this method is that: reserve some special subcarrier to transmit channel occupied indication. The special subcarriers for different operators are orthogonal. If the cell occupied the channel, it must transmit signal or data in the special subcarrier with same transmission power as other occupied subcarriers. When channel detection, only the energy of special subcarrier of other operators will be detected and summed. In this case, the summed energies will not include the energies from the same operator.
Fig. 6 shows an example of special subcarrier of each operator for channel occupied indication transmission. The number and the distribution of subcarriers for one operator need to be further discussed considering detection accuracy and resource usage efficiency. 

Proposal 2: Some other alternatives such as use orthogonal subcarrier for channel occupied indication should be considered to improve the frequency reuse for LBE for DL LAA.
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Fig. 6, the example of special subcarrier for each operator
4 Conclusions
In this contribution, we present the discussion on LBT categories and some enhancements for LAA using LTE. Based on our analysis, we have the following proposals:
Proposal 1: If FBE is to be used in LAA, some enhancement such as coordination between operators or LBT period adaptation could be considered to improve the fairness between LAA-LAA coexistence.

Proposal 2: Some other alternatives such as use orthogonal subcarrier for channel occupied indication should be considered to improve the frequency reuse for LBE for DL LAA.
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