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Discussion and decision
1. Introduction
Frequency reuse is a key design target of LTE which provides efficient transmission. However, according to the current LBT mechanisms defined by ETSI, each transmitting node on unlicensed spectrum has to individually perform CCA/ECCA check before data transmission. As a consequence, the node transmitting data may probably block surrounding nodes of the same operator if they are deployed close to each other. According to the last contribution of our company, following enhancements can be considered in the future design to exploit more efficient channel utilization among LAA nodes.

2. Discussion
FBE has automatic advantages in achieving frequency reuse since there are fixed frame period and fixed CCA position. They can implement frequency reuse if their CCA positions realize alignment so that data transmission can start at the same time.

However, this approach also has some problem. A serious synchronization is request because the duration of CCA (20us) is short, even much shorter than the duration of an OFDM symbol. In addition, the approach may cause the difficulty in channel access on account of regarding heavy load or many different LAA operators and other RATs. One considerable solution is putting silence period after data transmission. This period is related to PLMN number. It could relieve the difficulty in channel access to some extent, but also increase channel congestion in heavy load case.

Observation 1：CCA synchronization could be used to achieve frequency reuse in FBE. In addition, it need to be discussed that how to achieve fine synchronization and solve blocking problem between different RATs.
While in LBE, simple frame alignment could not solve the problem. Here we recommend an approach utilizing base station coordination to dynamically change CCA threshold [1]. One LAA node must firstly perform CCA/ECCA before it starts data transmission. The node sends coordination information which is under our definition after it wins channel access competition. Function of the information is to inform neighbouring nodes something about this node so that its neighbouring nodes could raise CCA threshold when perform CCA after the arrival of the information. Meanwhile, the node could send reservation signal to achieve channel reservation on unlicensed spectrum, and data transmission follows. Frequency reuse can be implemented in that neighbouring nodes will raise CCA threshold to exclude the interference of LAA nodes utilizing signals of base station interaction. It is worth noting that coordination information needs to contain PLMN, PCI, transmit power and etc.

The approach to achieve frequency reuse also has its pros and cons.
· Pros: This approach need not to increase design complexity so that could save the expense compare to the CCA threshold adaption of the last conclusions category 1 [2]; And it require no fine synchronization compare to signal subtraction from ED or modified ED of the last conclusions category 2 [3].
· Cons: Although the duration of CCA (20us) is short, the interval of neighbouring nodes’ CCA becoming too much short so that they have no time to raise CCA threshold, which will prevent frequency reuse. Node B performs CCA before node A send coordination information, and its CCA threshold still remain unchanged. Meanwhile, node A start employing this channel and node B could not reuse it. Besides, transmit power of node could not be too high for there are regulatory requirements on the applied CCA threshold in some region. Then TPC (Transmit Power Control) could help to implement frequency reuse [4].
Proposal 1: Utilizing coordination method to dynamically change CCA threshold could be used to achieve frequency reuse in LBE. In addition, the issue of shorter interval of neighbouring nodes’ CCA needs to be discussed.
Proposal 2: TPC (Transmit Power Control) could be used to help to achieve frequency reuse.
3. Conclusion

In this contribution, we discuss the LBT enhancements for intra-operator LAA nodes frequency reuse. The following observations and proposals can be summarized: 
Observation 1：CCA synchronization could be used to achieve frequency reuse in FBE. In addition, it need to be discussed that how to achieve fine synchronization and solve blocking problem between different RATs.
Proposal 1: Utilizing coordination method to dynamically change CCA threshold could be used to achieve frequency reuse in LBE. In addition, the issue of shorter interval of neighbouring nodes’ CCA needs to be discussed.
Proposal 2: TPC (Transmit Power Control) could be used to help to achieve frequency reuse.
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