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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. Here the unlicensed carrier(s) operate as secondary cell(s) in a carrier aggregation configuration, where the primary cell operates in licensed spectrum.
In RAN1#78bis, the following functionalities have been agreed based on the regulatory requirements:
Agreements:
· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· Listen-before-talk (Clear channel assessment)
· Discontinuous transmission on a carrier with limited maximum transmission duration
· Dynamic frequency selection for radar avoidance in certain bands/regions
· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Carrier selection is one of the agreed functionalities. It has been considered necessary to satisfy the regulatory requirements in some regions/bands such as uniform spreading over the spectrum. It is also tightly connected with dynamic frequency selection (DFS) as required for radar avoidance. Other than the regulatory requirements,  an appropriate carrier (channel) selection is critical in order to minimize the interference among the neighbouring LAA/Wi-Fi nodes and ensure good co-existence performance. Here we discuss in detail the potential solutions for channel selection, and share our views on what factors should be taken into account and what mechanisms could be used to enhance the performance.

2. Discussion
From the regulatory point of view, channel selection (known as DFS) is required in parts of the unlicensed band in certain regions/countries in order to avoid interfering with radar systems and to achieve uniform spreading over the spectrum. 
Moreover, from a performance point of view, to ensure good coexistence between LAA and Wi-Fi and between LAA nodes, to minimize interference and to maximize the spectral efficiency, channel selection is essential. Generally speaking, a good channel selection mechanism would try to select a channel that does not have any other neighbouring LAA/Wi-Fi nodes if that is available; otherwise it should select a channel that minimizes the interference or has the least channel activity. Channel selection should be performed at the initial startup, and continuously/periodically re-evaluated during operation.
For optimal co-existence performance between LAA and Wi-Fi, LTE should match the Wi-Fi 802.11 channelization structure to effectively share the unlicensed spectrum. An overlapping channelization structure may result in one channel used by one technology such as LTE causing interference to two overlapping channels used by the other technology such as Wi-Fi. In the following discussion, we assume that the channelization structure is aligned between LAA and Wi-Fi.

2.1. Basic Mechanisms
When making a channel selection decision the LTE-LAA eNodeB can take the following into consideration: 
· Preferential Avoidance of Wi-Fi Primary Channel
In order to reduce interference and to be a good neighbour to Wi-Fi, the LAA channel selection algorithm may preferentially avoid the use of any 20 MHz channels in the unlicensed spectrum that are being used by a nearby Wi-Fi Access Point (AP) as a primary channel carrying the Wi-Fi AP beacon signal.  
However, if no 20 MHz channels are available that do not contain a Wi-Fi AP beacon signal, then the LAA channel selection algorithm may pick a channel that has the lowest number of Wi-Fi AP beacon signal(s).    
LAA eNodeBs would have to directly or indirectly employ Wi-Fi AP beacon signal detection to identify which of the 20 MHz channels in the unlicensed spectrum are being used as Primary Wi-Fi channels.
· Preferential Avoidance of other nearby LAA eNodeBs
The LAA channel selection algorithm may pick a channel for its operation that meets the previous requirement, and additionally has no nearby LAA eNBs in the channel, or has the lowest number of nearby LAA eNBs in the channel, as a proactive means of interference mitigation among nearby LAA eNodeBs. This assumes that an LAA cell would transmit signals such as PSS/SSS so that it can be identified by a neighbouring eNB.
· Channel Activity Consideration
The LAA channel selection algorithm may pick a channel for its operation that has additionally the least channel activity (cleanest channel) based on long term carrier sensing and energy detection. 
· DFS and uniform spreading
If LAA is deployed in the frequencies and in a country where DFS and/or uniform spreading is required, the eNB would need to implement an appropriate algorithm for radar signal detection to satisfy the corresponding requirements. The detailed algorithm could be proprietary as long as the requirements can be satisfied and the corresponding tests can be passed.
If the eNB makes the channel selection decision based on the measurements by itself, these mechanisms may not necessarily have any specification impact and could be left to implementation.

2.2. Potential Enhancements
Other than the basic considerations discussed above where the eNB performs the channel selection based on its own detection/measurements, there can be further enhancements that could improve the effectiveness of the channel selection.

Device/UE Assisted Primary Wi-Fi Channel Detection Mechanism
Some eNodeBs may not have the capability of detecting the Wi-Fi beacon signal, and may require an alternative scheme to determine which channels are being used as a Wi-Fi Primary channel.  Nowadays Wi-Fi capability is available in almost all the LTE-capable devices, including smart phones, tablet PCs, and computer devices. Thus the LAA eNodeB may be able to perform the LAA channel selection via a device assisted mechanism in the following manner (please refer to Figure 1 below):
· Perform long term carrier sensing and energy detection on the 20 MHz channel list in the unlicensed spectrum where the LAA is deployed
· Identify a list of N (e.g. top 3) clean channels in terms of least channel activity
· Notify the UEs that are being served by the eNodeB via a signalling message over the PCell on the licensed spectrum to monitor the Wi-Fi channel activity on the candidate channel list 
· The UEs after performing the channel scan, and Wi-Fi beacon detection, report back to the eNodeB via a signalling message over the PCell, the status of Wi-Fi presence (Primary channel or Secondary channel) in each of the channels in the candidate channel list.
· The Wi-Fi channel activity feedback report from the UEs will be used by the LAA eNodeB as an input to its channel selection algorithm
· If there are no UEs being served by the LTE-LAA eNodeB, there would be no need to initiate the LAA operation, in which case channel selection is not an issue.
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[bookmark: _Ref399338885]Figure 1: Device assisted Wi-Fi primary channel detection mechanism in LAA
The potential specification impact would include the definition of new UE measurements and new RRC signalling.

UE-Assisted Measurement on Neighbouring LAA eNBs
For better coexistence between LAA eNBs, especially in inter-operator scenarios, UE measurement reports can also be used to assist channel selection at the eNB. The UE assistance information can be particularly helpful in alleviating the interference caused by the hidden nodes. The potential specification impact could include new or modified RRC signalling for defining and reporting the UE measurements, including the measurements for the cells which might not be in the neighbour cell list.


3. Conclusion
In this contribution, we have discussed the factors that should be considered in LAA channel selection, including the presence of neighbouring LAA/Wi-Fi nodes and the channel activity. In addition, some possible enhanced mechanisms for channel selection based on UE assisted measurements have been discussed.
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Figure 1: LTE-LAA eNodeB Device Assisted WIFI
Primary Channel Detection Mechanism




