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1 Introduction
At the RAN#65 meeting, the study item (SI) for Licensed-Assisted Access using LTE (LAA) was agreed upon. According to [1] at the meeting, it is suggested that the study objectives should focus on the following areas in RAN4.

1) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· 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]

2) Assess the feasibility of base station and terminal operation of 5GHz band (based on regulatory limits) in conjunction with relevant licensed frequency bands. [RAN4] 

In this contribution, we discuss the deployment scenarios for co-existence of LAA and Wi-Fi.
2 Deployment Scenarios 
Section 2.1 briefly describes and provides the deployment scenarios have been agreed upon in RAN1. Section 2.2 discusses scenarios for coexistence of LAA and Wi-Fi in RAN4.
2.1 Deployment Scenarios for LAA 
Considering properties of the propagation channel in 5GHz, the unlicensed spectrum is generally employed in small cells to provide local services. To meet the requirement of high traffic in hot zone or local area, small cells should be deployed in cluster which has been studied intensively in Rel. 12 [2]. According to this context and carrier aggregation requirement, deployment scenario for LAA was discussed and agreed upon as figure 1 at the 78thbis meeting of RAN1 [3].
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Figure 1: LAA deployment scenarios
Figure 1 shows scenarios of LAA possible deployment. These scenarios encompass scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and both co-location and non-co-location. The backhaul is ideal between licensed and unlicensed carriers, ideal or non-ideal between licensed carriers.

-
Scenario 1

-
Carrier aggregation between licensed macro cell (F1) and unlicensed small cell (F3)

-
Scenario 2

-
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) without macro cell coverage

-
Scenario 3

-
Licensed macro cell and small cell (F1), with carrier aggregation between licensed small cell (F1) and unlicensed small cell (F3)
-
Scenario 4

-
Licensed macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)

-
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3)

-
If there is ideal backhaul between macro cell and small cell, there can be carrier aggregation between macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)

-
If dual connectivity is enabled, there can be dual connectivity between macro cell and small cell.
2.2 Evaluation Scenarios for LAA
In this section, coexistence evaluation scenarios are described. Because licensed band e.g. 3.5GHz is far away from unlicensed band e.g. 5GHz, the interference between licensed band and unlicensed band can be ignored. However, in unlicensed band there are a lot of channels and it is quite often that different operators or standards i.e. LAA and Wi-Fi are deployed in adjacent channels. Because of penetration loss in indoor scenario, performance of coexistence in outdoor scenario is usually worse than performance in indoor scenario, we mainly focus on coexistence evaluation in outdoor scenario in the unlicensed band.
The outdoor scenario is based on Scenario 2a in [2] with different frequency small cells in unlicensed band, as shown in figure 2. The cluster consists of different frequency small cells and is in the coverage of an overlaid macro network. The macro sector is deployed in different licensed channel and signals from macro site have no interference to small cells cluster in unlicensed band.
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Figure 2:  LAA evaluation scenario
To evaluate the LAA own performance and the coexistence with other standard e.g. Wi-Fi in the unlicensed frequency channel, the following cases are considered, including inter-RAT coexistence between LAA and Wi-Fi and intra-RAT coexistence of LAA or Wi-Fi which belong to different operators.
Table 1: Summary of evaluation cases
	Case
	Aggressor system
	Victim system
	Simulation Frequency
	Environment

	1
	20MHz LAA
	20MHz Wi-Fi
	5000MHz
	Outdoor pico as fig. 2

	2
	20MHz Wi-Fi
	20MHz LAA
	5000MHz
	Outdoor pico as fig. 2

	3
	20MHz LAA
	20MHz LAA
	5000MHz
	Outdoor pico as fig. 2


In case 1, evaluation can be divided into two steps. First step: Evaluate intra-RAT coexistence of Wi-Fi belongs to different operators and in adjacent channels, which can be performance benchmark of Wi-Fi own system. Second step: Replace one of Wi-Fi operators in step 1 with LAA and keep locations of replacement LAA the same with replaced Wi-Fi locations. Evaluate this LAA and Wi-Fi coexistence to analyze the interference between LAA and Wi-Fi and make comparison between these two steps to show whether LAA produce more severe interference to Wi-Fi.
In case 2 and 3, LAA is the victim system under interference of Wi-Fi or LAA of other operator in adjacent channel. These two cases are used to evaluate LAA performance metrics.
3 Conclusions

This contribution provides deployment scenarios for LAA. After detailed analysis of these scenarios according to frequency band and application scenarios of LAA, at last we proposed the evaluation scenario for LAA and provided three cases for coexistence evaluation of LAA and Wi-Fi in adjacent channel of unlicensed band.
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