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In RAN1#78bis, the coexistence scenarios for evaluation have been agreed as following [1]:
Agreements:
· Wi-Fi-LAA coexistence
· For each UE and eNB/AP drop
· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
· Performance metrics for the Wi-Fi operator common to the two steps are compared.
· LAA-LAA coexistence
· Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.
· Performance metrics for the two LAA operators are compared.
In this contribution, we provided the initial simulation results for WiFi-LAA coexistence and LAA-LAA coexistence.
WiFi-LAA coexistence study
For the WiFi-LAA coexistence study, simulation cases are as following:
Case 1: 2 AP + 2 AP per cluster
Case 2: 2 AP + 2 LAA per cluster
Case 3: 4 AP + 4 AP per cluster
Case 4: 4 AP + 4 LAA per cluster 
In order to investigate the coexistence effects, we assume only one channel is available. To guarantee the same eNB and UE setup for different cases, outdoor scenario with FTP traffic model 3 and 60 UEs per macro graphical area is adopted, and the arrival rate is set to 0.2 to make reasonable resource utilization. Detailed evaluation assumptions are listed in table 4-6 in the appendix. 
By comparison of case 1 and 2, the UPT performances of the WiFi operators common to the two steps for the 4 nodes per cluster case are shown in table 1:
Table 1: UE performance of WiFi for case 1 and case 2 
	
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT (Mbps)

	Case 1
	0.37
	2.07
	15.33
	4.11

	Case 2
	0.29 (-21.62%)
	1.55 (-25.12%)
	11.08 (-27.72%)
	2.94 (-28.47%)



By comparison of case 3 and 4, the UPT performances of the WiFi operators common to the two steps for the 8 nodes per cluster case are shown in table 2:
Table 2: UE performance of WiFi for case 3 and case 4
	
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT (Mbps)

	Case 3
	0.54
	4.31
	18.96
	6.50

	Case 4
	0.42 (-22.22%)
	1.95 (-54.76%)
	12.99 (-31.49%)
	3.50 (-46.15%)



From the tables we can see that LAA will have negative impact on existing WiFi system if no coexistence mechanism is provided. Therefore, it is necessary to apply coexistence mechanisms to LAA to minimize its interference to the existing WiFi system.
Observation 1: Coexistence mechanisms should be applied to LAA to guarantee the fairness between LAA and WiFi system.
LAA-LAA coexistence study
For the LAA-LAA coexistence study, simulation cases are as following:
Case 5: 2 LAA + 2 LAA per cluster
Case 6: 4 LAA + 4 LAA per cluster
By these two cases, the UPT performances of different LAA operators with different node densities per cluster are shown in table 3:
Table 3: UE performance for case 5 and case 6
	
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT (Mbps)

	Case 5_Operater1
	0.39
	3.27
	66.67
	11.47

	Case 5_Operater2
	0.39
	2.55
	57.14
	10.02

	Case 6_Operater1
	0.51
	3.49
	57.14
	9.44

	Case 6_Operater2
	0.51
	3.01
	41.67
	8.01



According to the table, we can come to the conclusion that LAA itself can get a relatively fair resource sharing. But there is still slight difference between the two operators. Therefore, it may need coexistence mechanisms to provide even fairer performance among LAA operators.
Observation 2: Coexistence mechanisms may be needed to provide fairer performance among LAA operators.
Conclusions
In this contribution, we provided simulation results for the WiFi-LAA and LAA-LAA coexistence study, and showed the simulation results for different cases. From the simulation results, we observe that:
Observation 1: Coexistence mechanisms should be applied to LAA to guarantee the fairness between LAA and WiFi system.
Observation 2: Coexistence mechanisms may be needed to provide fairer performance among LAA operators.

References
[bookmark: _Ref402447549][bookmark: _Ref398716236][bookmark: _Ref377635388][bookmark: _Ref351541908]RAN1#78bis chairman notes, 3GPP RAN1#78bis meeting, 6-10th October, 2014.
TS 36.814 v 9.0.0, “Further advancements for E-UTRA physical layer aspects”, March, 2010.
Appendix
Table 4 Outdoor scenario simulation assumptions
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	System bandwidth per carrier
	10MHz
	10MHz
	20MHz

	Carrier frequency 
	2.0GHz
	3.5 GHz
	5.0GHz

	Carrier number
	1
	1
	1

	Total BS TX power 
	46dBm (Ptotal per carrier)
	30dBm (Ptotal per carrier)
	30dBm(Ptotal per carrier, with 6 dB bias)

	Distance-dependent path loss
	ITU UMa 
	ITU UMi 
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi 

	Shadowing
	ITU UMa
	ITU UMi 
	ITU UMi 

	Antenna pattern
	3D
	2D Omni-directional 
	2D Omni-directional

	Antenna Height: 
	25m
	10 m
	10m

	UE antenna Height
	1.5 m
	1.5m
	1.5 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi
	5 dBi

	Antenna gain of UE
	0 dBi
	0 dBi
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa 
	
ITU Umi
	ITU Umi

	Number of clusters/buildings per macro cell geographical area
	1

	Number of UEs 
	60 UEs per macro cell geographical area

	UE dropping for each network
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 100% UEs are outdoor 

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Traffic model
	· FTP model 3
· File size: 0.5MB
· Arrival rate: 0.2 per UE

	Minimum distance (2D distance)
	Small cell-small cell: 20m.

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	UE Bandwidth
	20MHz unlicensed band

	Network synchronization
	Synchronized

	Performance metrics
	· Performance metric
· 5%, 50%,95% User perceived throughput (UPT)


[bookmark: _Ref399334056]Table 5 Wi-Fi system evaluation assumptions
	Parameter
	value

	MCS
	802.11ac MCS table (No 256QAM)

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized 

	Frame aggregation
	No A-MPDU

	TXOP
	4.096ms 

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection 

	
	Contention window
	Min : 15 slot,  FFS: Max : 1023 slot

	CCA-ED
	-62dBm

	ACK Modeled
	Yes

	DL/UL Duplexing
	DL only

	Channel selection
	1 channel
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	Parameters
	Value

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized. 

	Transmission schemes
	SFBC, QPSK/16QAM/64QAM

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	Channel selection
	1 channel



