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1. Introduction

In the last RAN1 #79 meetings, LAA SLS coexistence simulation assumptions are agreed [1] including following deployment scenarios based on  TR36.889 [2].
· Objective

· Consider following interference scenarios
· LAA-to-Wi-Fi
· Wi-Fi-to-LAA
· Reference is Wi-Fi-to-Wi-Fi case
· Consider both APs and UEs as transmitters and receivers 
In this contribution, we provide preliminary system level simulation results of adjacent coexistence study for LAA and WiFi based on agreed WF.
2. Coexistence simulation assumption
RAN4 decide to coexistence analyse in two deployment scenarios as follow  
· Deployment scenarios

· Indoor deployment (ITU inH)
· In-building, 4 Aps per operator, max 2 operators per building

· Operators could be LAA or Wi-Fi operators

· Outdoor deployment (ITU Uma for Macro cell, ITU UMi for small cell, ISD 500m)
· Hotspot kind of deployment

· Each operator has 4 Aps inside the hotspot
· General RF assumptions
· Consider 20MHz per LAA/Wi-Fi system

· Maximum Tx power up to 18dBm at 5GHz.
· LAA operated in 5GHz of  unlicensed spectrum

· Wi-Fi ACLR and ACS: 

· ACLR : Use Wi-Fi AP Spectral Mask requirements

· ACS : Use Wi-Fi adjacent channel rejection requirements
For the ACIR model of LTE, we reuse the BS ACLR and UE ACS level, and for Wi-Fi system, we used spectrum mask of station for 802.11ac instead of ACLR requirements. For Wi-Fi UE ACS requirements, we consider the AC rejection level as shown in appendix 1.
For evaluation methodology of adjacent channel coexistence study, we evaluated the results by using static system level simulation based on TR36.942[2] for given indoor/outdoor deployment scenario.

For modelling of link adaptation required to convert SINR to throughput on 36.942 based simulations, we used existing LTE link adaptation model of 36.942 on LAA and link adaptation model based on 802.11ac simulation results on WiFi. Detailed parameters are summarized on Table 1.

Table 1: Modelling of link adaptation for LAA and WiFi
	
	LAA
	WiFi

	α (Attenuation factor)
	0.75
	0.75

	SNIRMIN [dB]
	-6.5
	-20

	ThrMAX [bps/Hz]
	4.8
	3.9


More detail features and parameters for 802.11ac are listed in appendix 1.
3. Coexistence simulation results 
RAN4 consider follow two cases to compare the system level throughput impact based on the WiFi-WiFi scenario. We consider DL only case to analyse of LAA deployment impacts.
1) Case1: 
A. Aggressor system :LAA DL (20MHz CH BW) 
B. Victim system : WiFi DL/UL (20MHz CH BW)
2) Case2: 

A. Aggressor system :WiFi DL/UL (20MHz CH BW) 

B. Victim system : LAA DL (20MHz CH BW)

The simulation results for outdoor deployment are presented in section 3.1 to use of average user throughput loss and 5%-tile user throughput loss.

3.1 Analysis of Outdoor deployment scenarios
Reference system performance is WiFi-WiFi system level throughput on 5GHz frequency bands to compare throughput degradation by LAA system.
The 5% User T-put loss and 50% user T-put loss in outdoor scenarios are displayed in figure 3-1.
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Figure 3-1. Reference system performance results (WiFi-WiFi coexistence scenario) in outdoor deployment

In figure 3-1, 5%-xile T-put loss graph and 50% average T-put loss graph are reference performance compare to Case 1 and Case2.
Figure 3-2 shows the T-put performance for case1 (LAA-to-WiFi case). From the simulation results LAA system T-put loss is less than WiFi-WiFi coexistence scenario in both 5% user and average user cases.
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Figure 3-2. T-put performance results of LAA-to-WiFi scenarios (Case1) in outdoor deployment 
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Figure 3-3. T-put performance results of Wi-Fi-to-LAA scenarios (Case2) in outdoor deployment
From figure3-3, we can see that impact of Wi-Fi system as aggressor to the LAA victim system is quite larger than Wi-Fi-to-Wi-Fi reference system in outdoor scenarios. The 5%-xile T-put loss is about 1.96 x E-4 in Wi-Fi-to-Wi-Fi scenario, while the T-put loss is about 2.2 x E-2 in WiFi-to LAA scenario. 

And also 50% user T-put loss is wide difference between Wi-Fi-to-LAA case and Wi-Fi-to-Wi-Fi case.
3.2 Analysis of Indoor deployment scenarios
For indoor environment case, 5% user T-put loss and 50% User T-put loss in Wi-Fi-to-WiFi case are depicted in figure 3-4.
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Figure 3-4. Reference system performance results (Wi-Fi-to-Wi-Fi coexistence scenario) in indoor deployment
In figure 3-4, 5%-xile T-put loss and 50% average T-put loss curves are reference performance compare to Case 1 and Case 2 scenarios.

Figure 3-5 shows the T-put performance for case1 (LAA-to-Wi-Fi case). From the simulation results, we can see the similar tendancy that means T-put loss impact of aggressor LAA system is less than Wi-Fi-to-Wi-Fi coexistence scenario in both 5% user and average user cases.
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Figure 3-5. T-put performance results of LAA-to-Wi-Fi (Case1) scenarios in indoor deployment
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Figure 3-6. T-put performance results of Wi-Fi-to-LAA (Case2) scenarios in indoor deployment
From Figure 3-6, we can see that impact of Wi-Fi system as aggressor to the LAA victim system is larger than Wi-Fi-to-Wi-Fi reference system in indoor environments. The 5%-xile T-put loss is about 2.31 x E-3 in Wi-Fi-to-Wi-Fi scenario, while the T-put loss is about 6.23 x E-3 in WiFi-to LAA scenario. 

And also 50% user T-put loss has some difference between Wi-Fi-to-LAA case and Wi-Fi-to-Wi-Fi case.

From this analysis on indoor and outdoor scenarios, we provide three observations as follow
Observation 1: All test cases do not over the 5% T-put loss in both 5% user and 50% user cases.

Observation 2: Wi-Fi-to-LAA scenario in both indoor and outdoor environment has quite lager T-put loss compare to Wi-Fi-to-Wi-Fi scenario.
Observation 3: T-put degradation of LAA-to-WiFi scenario in both indoor and outdoor environment is less than T-put loss of Wi-Fi-to-Wi-Fi scenario.

4. Conclusion 
In this contribution, we provide our preliminary simulation results of coexistence study for LAA and WiFi based on agreed WF. From the simulation results, we can provide three observations as follow
Observation 1: All test cases do not over the 5% T-put loss in both 5% user and 50% user cases.

Observation 2: Wi-Fi-to-LAA scenario in both indoor and outdoor environment has quite lager T-put loss compare to Wi-Fi-to-Wi-Fi scenario.

Observation 3: T-put degradation of LAA-to-WiFi scenario in both indoor and outdoor environment is less than T-put loss of Wi-Fi-to-Wi-Fi scenario.
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Appendix 1. WiFi system Feature and simulation assumption
Table 1. Feature Description of 802.11ac
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Table 2. Minimum required adjacent channel rejection levels
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Figure 1. WiFi AP Spectral requirements  instead of ACLR requirement

Table 3. MCS level table for 802.11ac
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Figure 2. 802.11ac frame format
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Figure 3. Spectral efficiency curve for 802.11ac
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Figure 4. Raw Tput Data from 802.11AC
