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Introduction
It was decided in the RAN1 LAA ad-hoc meeting held in Paris that frequency reuse should be one of the targets of the LAA design [1].
Agreements:
· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design
· Above should be taken into account for design of LBT

Possible agreement
· Enabling frequency reuse/MU-MIMO within one LAA cell is one target of LAA design

In this contribution we provide our views on which methods should be considered to enable high frequency reuse for LAA in terms of LBT categories.
Frequency reuse for FBE
FBE is naturally well poised to achieve simultaneous CCA measurements by multiple LAA nodes. For example, a node performing LBT according to this category performs a fixed CCA slot before the start of a new subframe, and in case the channel is not busy, it can transmit in that subframe. Assuming synchronization between nodes, when all nodes with data to transmit in their buffer detect the channel as available, the nodes may start transmitting at the same time without any additional mechanism to enable frequency reuse.
It is worth mentioning that FBE (category 2) has a well known issue in that a node with a serious synchronization miss-alignment could detect the channel as empty and occupy it while other nodes are still measuring, in which case all other nodes would be precluded from transmission [2]. This is even more pronounced in the inter-operator case, in which the first node grabbing the channel enables all nodes of the same operator to continuously occupy the channel and potentially prevent nodes from the other operators from accessing it. If FBE is to be introduced in LAA, RAN1 needs to find a solution for this problem that doesn't degrade the frequency reuse performance.
Observation 1:
· For FBE, the frequency reuse may be achieved without any mechanism in LBT.
· The LBT design should ensure fairness between operators without degrading the frequency reuse performance.
Frequency reuse for LBE
The main obstacle for frequency reuse with LBE (LBT categories 3 and 4) is the backoff counter. For co-existence reasons, it seems necessary that this counter is initialized randomly, which means that different nodes try to access the channel at different times.
A possible way to achieve frequency reuse could be to disregard the effect of LAA transmissions of nearby nodes in the CCA calculation, or to treat the reservation signal of a node as a sort of invitation to nearby nodes of the same operator to transmit at the same time. However, these solutions are not compliant with the current ETSI BRAN specification, and while that document is not a regulation by itself, not abiding by it could cost 3GPP some costly delays in the approval of Rel-13 in each of the countries that are currently members of ETSI.
Another solution to achieve frequency reuse for LBE is by including mechanisms in the LBT design that facilitate simultaneous channel access attempts by multiple nodes. If the backoff counters of different nodes become aligned by some means, they would all perform CCA at the same time, and in case the channel is empty, they would all be able to start transmitting. 
It's been mentioned by some companies that having a shared random seed would help to achieve frequency reuse, on the basis that all nodes would be able to perform CCA at the same time. However, while it is true that all nodes would have the same value for the initial backoff counter, the counters would quickly start differing. As the channel conditions are not the same for all nodes, at any given time some nodes would detect the channel as available, being able to decrement their backoff counters or start transmission, but some other nodes may be in the area of a nearby transmission and detect the channel as busy, in which case their backoff counters would not be decremented. Some nodes may not even have anything to transmit, in which case they may not try to contend for the channel. After a sufficient amount of time, the backoff counters of the LAA nodes would appear as independent, even if they share the same seed. 
Furthermore, even if a method is found to ensure that all nodes have the same backoff counter value, it would end up greatly reducing the transmission opportunities of the LAA system. In this case all the LAA nodes would appear to other networks as a single node. While very high throughput could be achieved if absolutely all nodes could transmit at the same time, it's highly unlikely that all nodes see the channel as available at the same time; the case in which some nodes see the channel as available while others see it as busy is more realistic. Besides, concentrating the channel access attempts of all nodes in one time instant would put LAA in disadvantage with other systems contending for the channel, as it would be difficult to access the channel even under medium load.
Observation 2:
· For LBE, some mechanisms in LBT are required in order to achieve frequency reuse.
Conclusion
In this contribution we gave some insight on potential issues in FBE and LBE with regard to frequency reuse. Our conclusions are listed below:
Observation 1:
· For FBE, the frequency reuse may be achieved without any mechanism in LBT.
· The LBT design should ensure fairness between operators without degrading the frequency reuse performance.
Observation 2:
· For LBE, some mechanisms in LBT are required in order to achieve frequency reuse.
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