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1. Introduction & Background
In RAN#65, a new Study Item “Study on Licensed-Assisted Access using LTE” was approved [1], which aims to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. According to [1], the objectives of this SI include:
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band

According to [2], carrier selection has been adopted as one of basic functionalities for a LAA system:

· As there is a large available bandwidth of unlicensed spectrum, carrier selection is required for LAA nodes to select the carriers with low interference and with that achieve good co-existence with other unlicensed spectrum deployments.
As mentioned in [3], the operators deploying WiFi and LAA should be equally treated in order to fairly run business in the market. Hence, some basic design principles for LAA PHY solutions should be considered:
· Ensure fair coexistence between different LAA operators and between LAA and WiFi in the same band

· Unified design to fulfill the global regulatory requirements

· Simplify the design of LAA system and reuse the licensed LTE design as much as possible

· For LAA-WiFi deployment

· LAA should be a “polite” neighbor. Some coexistence mechanisms need to be introduced in LAA system, which will increase operational costs. From this point of view, the design of LAA should ensure the data off-loading performance and maximize the spectral efficiency of unlicensed spectrum.

· For LAA-LAA deployment,

· Minimize co-carrier interference brought by LAA

· In other words, the co-carrier interference brought by LAA should not be worse than that brought by WiFi
To sum up, LAA should be well designed to be a good neighbor for other unlicensed technologies like WiFi, which has already been well deployed in the unlicensed band. Specifically, in order to ensure smooth deployment of LAA technique in the future, the interference brought by LAA deployment should not be worse than that brought by WiFi, and this principle should be guaranteed by sufficient performance evaluation in this SI.
In this contribution, we will discuss carrier selection enhancement, so as to ensure better fair co-existence in LAA-LAA and LAA-WiFi deployments.
2. Carrier Selection Enhancement
The purpose of carrier selection is to allocate best carrier to the transmission point in order to avoid interference, increase UE reception quality and etc. 
· If there is a clean carrier available, which means that no other nearby LAA/WiFi nodes occupy the carrier, the clean carriers should be select with high priority. Otherwise, a good carrier can be selected, e.g., a carrier with minimum interference from other aggressor, etc.
Carrier selection approach:
· Energy detection: energy detection approach can be applicable to both LAA and WiFi carrier, most of the currently carrier selection mechanisms are based on energy detection. 
· RS-based detection: the current carrier selection approach may be not capable of avoiding collision of the transmission from different transmission point. For example, consider a scenario in which a LAA eNB has buffer to transmit and it observes the channel for a certain period to be idle, then it will transmit when the idle period satisfied the predefined threshold. At the same time, another nearby LAA eNB or WiFi AP may also start the channel sensing and data transmission procedure, which will cause strong mutual interference. 
Considering that different LAA eNBs are of the same RAT, enhanced carrier selection mechanism based on signal detection can be considered to reduce the collision probability. For example, the LAA eNB can perform RS-based LAA-LAA signal detection mechanism in the following manner to avoid possible collision:

· Perform energy detection on the unlicensed carrier list where the LAA is deployed

· Identify one or more carrier(s) where the signal energy is under a predefined threshold

· Perform RS-based (e.g. PSS/SSS) LAA-LAA signal detection on the candidate carrier(s)

· Identify a list of clean carriers in terms of least detected RS (e.g. PSS/SSS) for eNB to select
Proposal 1: An enhanced carrier selection approach, differential LAA/WiFi carrier selection criteria, which is based on energy detection and signal detection, e.g., RS-based LAA-LAA signal detection mechanism, should be considered and evaluated during study stage.

Except for the above mentioned collision problem, the hidden node problem shown in Fig. 1 is another challenge for co-existence of different LAA nodes on unlicensed band.


[image: image1.emf]Node A

Node B

Node C


Figure1.
 Example of hidden node issue

From Figure1 we can see that, Node A and Node B are hidden nodes to each other. When Node A sends a packet to Node C, Node B cannot sense the transmission because Node A is out of sensing range of Node B. In this case, Node B may start data transmission at the same time, which causes interference to the Node C. 
UE-assisted carrier selection mechanism might be a potential solution to solve this problem as Figure 2 illustrates. The key point of this method is that the UE reports its carrier measurements or broadcasts a message like CTS to its serving eNB for interference avoidance. Based on this, the eNB A may select a different carrier for scheduling or suspend the transmission. CSI reporting could be taken as the starting point. In case CSI is considered insufficient, additional L1 feedback or new message like CTS could be introduced. 
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Figure2.
UE-assisted carrier selection mechanism
Proposal 2: UE-assisted mechanism can be a candidate solution for solving hidden node issue for co-carrier case.
3. Conclusion
In this contribution, we discuss the potential enhanced solutions for carrier selection for LAA system. Our proposals are as follows:
Proposal 1: An enhanced carrier selection approach, differential LAA/WiFi carrier selection criteria, which is based on energy detection and signal detection, e.g., RS-based LAA-LAA signal detection mechanism, should be considered and evaluated during study stage.

Proposal 2: UE-assisted mechanism can be a candidate solution for solving hidden node issue for co-carrier case.
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