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Introduction

In RAN#65, Licensed-Assisted Access (LAA) using LTE has been approved as a study item [1], the study objective related to RAN1 is given as follows. 
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4] 
Different operators may deploy LAA eNBs and Wi-Fi APs in geographically overlapping areas. When making a channel selection decision the LTE-LAA eNodeB can take the following into consideration: (1) Preferential Avoidance of Wi-Fi Primary Channel (2) Preferential Avoidance of other nearby LAA eNBs. In some scenarios, overlapping areas may cause the hidden node problem. In these scenarios, the hidden node problem is one of the main challenges to solve. 
In this contribution, we focused on the avoidance of other nearby LAA eNBs, we first discuss the hidden node problem between different LAA operators. After that, we will discuss a potential solution.
1. Discussion
2.1. Problem Description
The hidden node problem is depicted in Fig. 1, where LAA eNB B (LeNB-B) and LAA eNB C (LeNB-C) are operating on the same channel and out of sensing range to each other. UE-D belongs to LeNB-C and UE-A belongs to LeNB-B. The location of UE-A is in the overlapping area between LeNB-B and LeNB-C. When LeNB-B sends packets to UE-A and LeNB-C sends packets to UE-D at the same time, the signal sent by LeNB-C causes interference while UE-A is receiving data. This scenario occasionally occurs in LAA system where LeNB-B and LeNB-C belong to different operators and they cannot negotiate their operating channels via backhaul links.
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Fig.  1 An example of the hidden node problem
2.2. Potential solution 
In this section we propose a potential solution to solve the aforementioned hidden node problem in LAA networks: 
Channel Reservation Using Full-Duplex Radio (FDR)
In this method, LAA UE activates FDR function to avoid the hidden node problem. The basic procedure is shown in Fig. 2. 
a) UE-A is aware of the timing and period that the LeNB-B transmits downlink data on unlicensed channel. 
b) To avoid the hidden node problem, the UE-A with FDR receives data from LeNB-B and sends the busy tone to nearby LeNB-C simultaneously during the whole transmission period. The busy tone is used to prevent LeNB-C from transmitting data during the period of UE-A receiving data from LeNB-B. The produced busy tone shall be cancelled by UE-A itself in order to keep the good capability of data reception.
c) As the LeNB-C has data to transmit, it needs to perform Listen Before Talk (LBT)[2] mechanism before transmission. The LeNB-C then detects the busy tone from UE-A and postpones its transmission until the channel becomes idle.
By using the FDR technology, UEs can receive data and send busy tone simultaneously and nearby LAA eNBs will not interfere with UEs because of busy tone. Therefore, the coexistence between different LAA operators could be achieved.

[image: image2.emf]LeNB-C

(LAA Operator #2)

LeNB-B

(LAA Operator #1)

UE-A (FDR)


Fig.2 channel reservation using FDR solution
Observation: To ensure coexistence of eNBs between different LAA operators, it is essential to minimize co-channel collisions due to hidden node problem. 
Proposal: In order to avoid hidden node problem, an UE utilizes FDR to send busy tone while receiving data. The nearby LAA eNB detects the busy tone from the UE and postpones its transmission until the channel becomes idle.
2. Conclusions
In this contribution, we have addressed the hidden node problem occurred when there are different LAA operators. Then we propose a solution, that using FDR technology to send busy tone while receiving data, to achieve the coexistence between different LAA operators.
Observation: To ensure coexistence of eNBs between different LAA operators, it is essential to minimize co-channel collisions due to hidden node problem. 
Proposal: In order to avoid hidden node problem, an UE utilizes FDR to send busy tone while receiving data. The nearby LAA eNB detects the busy tone from the UE and postpones its transmission until the channel becomes idle.
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