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Discussion and decision
1. Introduction
At the LAA ad-hoc meeting, the following consensus about LAA frequency reuse factor was agreed:  
· 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

In this contribution, we provide some views on LBT enhancements to support frequency utilization among intra-operator’s LAA nodes on unlicensed carriers. 
2. Discussion
Listen before talk (LBT) scheme is identified as one of the new functionalities required for LAA system. It provides a simple mechanism for fair coexistence with other WiFi nodes as well as between multiple uncoordinated LAA systems. However, if operators deploy LAA with existed LBT method directly, different LAA nodes of one operator in one geographic area will choose different unlicensed carriers which decrease spectrum utilization. Synchronization of WiFi-LAA and LAA-LAA is another critical issue for LAA deployment. Wi-Fi is an asynchronous system that is able to access the channel and transmit at any time, while LTE is synchronous and requires precise timing in order to transmit data. In the following discussion, how to implement frequency reuse factor 1 of intra-operator LAA will be discussed considering both synchronized and asynchronized LAA networks.
If multiple LAA nodes are synchronized, frequency reuse factor 1 can be implemented in two straightforward ways. It has been discussed that the most straightforward way to implement this reuse factor is via time-synchronous CCA [1]. However, it doesn’t take the interference between initial signals or reservation signals after CCA into account. The reservation signals should be carefully designed to support frequency reuse factor 1. LAA nodes from one operator can transmit orthogonal (e.g., in frequency or code domain) reservation signal simultaneously [2], which makes no interference between reservation signals. But in synchronous LAA nodes from different operators, there should be some enhancements to implement this reuse factor because reservation signals are not orthogonal and reliability of information can’t be guaranteed. Time-synchronous CCA and reservation signals can't support frequency reuse factor 1 in asynchronous LAA.
Proposal 1: Time-synchronous CCA and orthogonal reservation signals could be considered to implement frequency reuse factor 1 in synchronous LAA network.
However, it should be further investigated that frequency reuse factor 1 can be implemented in a more general and complex way when different LAA nodes are asynchronous. One node may perform CCA while its neighbouring nodes are performing data transmission, which can not realize the goal of frequency reuse factor 1. The coordination solution is one potential option for this scenario [3]. RAN1 could investigate the possibility and performance of communication between LAA nodes with access to the channel and its neighbouring nodes for simultaneous transmission during a transmission opportunity [4]. The coordination signal could contain some information of LAA node, e.g. operator indicator, cell ID and transmit power indication. The receiving node can judge whether the sensing channel is occupied by other nodes of the same operator when the CCA operation informs the channel is busy. The receiving node can start data transmission on the same carrier which is estimated carrier occupancy of one operator.
Proposal 2: Coordination between intra-operators’ LAA nodes could be considered to implement frequency reuse factor 1 in asynchronous LAA network.
3. Conclusion

In this contribution, we discuss LBT enhancements to support frequency reuse factor 1 for intra-operator LAA nodes. The following proposals can be summarized: 

Proposal 1: Time-synchronous CCA and orthogonal reservation signals could be considered to implement frequency reuse factor 1 in synchronous LAA network.
Proposal 2: Coordination between intra-operators’ LAA nodes could be considered to implement frequency reuse factor 1 in asynchronous LAA network.
4. References
[1] R1-151013, Discussion on potential solutions for LAA-LTE，NVIDIA

[2] R1-150155, On reservation signal, ZTE

[3] R1-151033, On LTE LAA inter-cell interference management mechanisms, Nokia Networks, Nokia Corporation

[4] R1-151012, Frequency reuse factor for LAA, Sharp
























































































