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[bookmark: _Ref301342314]Introduction
In RAN#65, Study on Licensed-Assisted Access (LAA) using LTE was approved [1]. As described in [1], in-device, co-channel, and adjacent channel intra-RAT and inter-RAT coexistence scenarios should be considered. In addition this SI’s focus is on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) operates in unlicensed spectrum and is either DL-only or contains both UL and DL and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. In this contribution we consider the deployment scenarios and evaluation methodologies under the consideration of the above assumption. 
Deployment scenarios
In this section, we consider deployment scenarios for LAA. Deployment models of this SI can be categorized into the following two models [2]:
1) co-located cells
2) non co-located cells w/ ideal backhaul 
In the case where the coverage area is quite different from the licensed carrier, e.g. Macro cell and RRH unlicensed cell, it’s difficult to control the unlicensed carrier on such a large coverage area. Moreover, in such case, licensed small cells should be used instead of unlicensed RRH, considering the fairness with Wi-Fi. 
In addition, small cell coverage would be similar to unlicensed carrier. Therefore, we assume that the main scenario is that the LAA cells are co-located with small cells as shown in Figure 1. We propose to reuse and modify the small cell enhancement (SCE) scenarios for LAA. For example, the frequency is changed from 3.5GHz into 5GHz.
Proposal 1:
The small cell enhancement (SCE) scenarios with minimum modifications should be used for the LAA SI evaluations.



Figure 1: Deployment Scenario for LAA (Outdoor)
According to the workshop report [2], most companies have strong interest to study both indoor and outdoor deployments. Therefore, we propose to reuse Scenario 2b for indoor deployment and Scenario 2a for outdoor deployment described in the TR36.872 [3] as the same scenarios for the LAA SI (Table 1).
Proposal 2:
Scenario 2b for indoor deployment and Scenario 2a for outdoor deployment in the TR36.872 [3] should be reused for the LAA SI evaluations.

Table 1: LAA Scenarios
	Scenario
	 Reused from 

	Indoor 
	TR36.872[small cell] Scenario 2b

	Outdoor 
	TR36.872[small cell] Scenario 2a




LAA cell and Wi-Fi AP deployment
According to [1], we should consider the following situations.
1) Coexistence with Wi-Fi
2) Coexistence with different operators’ LAA cells.

[bookmark: _GoBack]We modify the cell deployment from small cell scenarios for evaluating the impact on Wi-Fi and unlicensed band. We change small cells into LAA cells and Wi-Fi APs and categorize into 4 patterns. Table 2 is the proposed deployment scenario. Comparing Pattern A and Pattern B, the impact of coexistence with Wi-Fi can be evaluated. Using Pattern C or Pattern D, the impact of coexistence with different operators’ LAA cells can be evaluated. 
Proposal 3:
Deployment scenario for the LAA cells and Wi-Fi APs are given in the Table 2.

Table 2: LAA cells and Wi-Fi APs for each Scenario
	Scenario
	Outdoor
	Indoor (sparse)
	Indoor (dense)

	Cells
	Wi-Fi AP
	LAA cell 
(operator A)
	LAA cell 
(operator B)
	Wi-Fi AP
	LAA cell 
(operator A)
	LAA cell 
(operator B)
	Wi-Fi AP
	LAA cell 
(operator A)
	LAA cell 
(operator B)

	Pattern A
	4
	0
	0
	2
	0
	0
	4
	0
	0

	Pattern B
	2
	2
	0
	1
	1
	0
	2
	2
	0

	Pattern C
	2
	1
	1
	N/A
	N/A
	N/A
	2
	1
	1

	Pattern D
	0
	2
	2
	0
	1
	1
	0
	2
	2




UE dropping scenario
We also modify the UE dropping scenario from small cell scenarios. We propose the total number of UEs per Wi-Fi AP or per LAA cell is 10. Some of the UEs can connect to both the Wi-Fi and the LAA cells. We propose the UE dropping as shown in Table 3. 

Proposal 4:
We propose to use UE dropping scenario as given in the Table 3.




Table 3-1: LTE UE and Wi-Fi STA for each Pattern [Outdoor, Indoor (dense)]
	
	LTE only UE
	Wi-Fi only STA
	User terminal
(Both LTE UE and Wi-Fi STA)

	Pattern A
	-
	40(10 for each AP)
	-

	Pattern B
	-
	-
	20
(10 for each operator per cell)

	Pattern C
	-
	-
	20
(10 for each operator per cell)

	Pattern D 
	40(10 for each operator per cell)
	-
	-




Table 3-2: LTE UE and Wi-Fi STA for each Pattern [Indoor (sparse)]
	
	LTE only UE
	Wi-Fi only STA
	User terminal
(Both LTE UE and Wi-Fi STA)

	Pattern A
	-
	20(10 for each AP)
	-

	Pattern B
	-
	-
	10
(10 for each operator per cell)

	Pattern C
	-
	-
	10
(10 for each operator per cell)

	Pattern D 
	20(10 for each operator per cell)
	-
	-




Other noted simulation conditions
Additionally, we assume the following conditions: 
1) The bandwidth is 20MHz (1CC)
2) The Wi-Fi is IEEE802.11ac
3) 2 Tx Ant and 2 Rx Ant



Evaluation methodologies
LAA cell should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. We consider performance metrics for the estimation of the fairness between the LAA and the Wi-Fi as shown in Table 4. 
Table 4: Performance metrics
	Item
	description

	LTE User throughput (for each Operator)
	Full buffer traffic model; mean, 5%, and CDF of user throughput.

	LTE System throughput (for each Operator)
	

	Wi-Fi User throughput

	Full buffer traffic model; mean, 5%, and CDF of user throughput.

	Wi-Fi System throughput
	



For example, the impact on Wi-Fi throughput is evaluated as follows using the above performance metrics.
1) Wi-Fi throughput is X in case of pattern A.
2) Wi-Fi throughput is Y in case of pattern B.
If X =< Y, then LTE-U achieves the fairness to the Wi-Fi network. 
 
Proposal 5:
Performance metrics to be used for measuring Wi-Fi network fairness is given in the Table 4.

Conclusions
Proposal 1:
The small cell enhancement (SCE) scenarios with minimum modifications should be used for the LAA SI evaluations.
Proposal 2:
Scenario 2b for indoor deployment and Scenario 2a for outdoor deployment in the TR36.872 [3] should be reused for the LAA SI evaluations.
Proposal 3:
Deployment scenario for the LAA cells and Wi-Fi APs are given in the Table 2.
Proposal 4:
We propose to use UE dropping scenario as given in the Table 3.
Proposal 5:
Performance metrics to be used for measuring Wi-Fi network fairness is given in the Table 4.
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