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[bookmark: _Ref301342314]Introduction
In this contribution, we evaluated the impact of LAA on Wi-Fi. According to the following description [1], first we evaluated the two Wi-Fi networks model and then the Wi-Fi/LAA model was evaluated. We discuss the impact of LAA on the WiFi networks using these results.
	In the Wi-Fi-LAA coexistence case, the following evaluation methodology is followed.
-	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.
A comparison of the performance metrics between the two steps for the Wi-Fi network that was not replaced with LAA can be used to evaluate coexistence between LAA and Wi-Fi in an unlicensed band. 



Simulation Parameter
In this contribution we consider the Indoor model and assume the LAA transmissions has the frame structure as shown in Figure 1. We assumed a fixed length LBT before the transmission burst and at least 1 subframe long IDLE period after the transmission burst. In addition, the maximum burst length is assumed to be 4msec. The other simulation assumptions and the parameter details are provided in Appendix A.
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Figure 1: Evaluated LTE burst design
Evaluation result
We evaluated the following two conditions and show the results in Table 1 and Table 2.
· Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic (LAA without licensed carrier)   [R1-150890 Template A]
· Indoor deployment for LAA and LAA coexistence case with one shared unlicensed carrier and FTP traffic (LAA without licensed carrier)   [R1-150890 Template B]
Table 1 presents the average UPT and delay of Wi-Fi in step 2 is better than that of Wi-Fi in step 1 for each load case. These results indicate the FBE LAA (described in section 2) is a good neighbor of Wi-Fi. We believe this improvement comes from LBT and 1 subframe IDLE period. The LAA impact of WiFi network is insignificant. Therefore, we propose the LAA with LBT should be introduced.
Note the average UPT and delay of Wi-Fi in step 2 is better than LAA in step 2 for each load case. Therefore, the how to improve the LTE throughput should be studied.
Observation 1:
RAN1 should consider standardizing the FBE LAA since its impact on the neighboring Wi-Fi network is negligible.

Table 2 shows each LTE operator have small differences in the average UPT and delay. We can conclude LAA-LAA co-existence can be achieved with the FBE LAA.
Observation 2:
LAA-LAA co-existence can be achieved with the FBE LAA.

Table 1: The result of the case that Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic (LAA without licensed carrier)
	
Tdoc /
Company
	
LAA LBT cat.
	
Reported parameters
	Low load
BO range for Wi-Fi in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi in Step 1: 35%~50%
	High load
BO range for Wi-Fi in Step 1: above 55%

	
	
	
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2
	Wi-Fi in
step 1
	Wi-Fi in
step 2
	LAA
in
step 2

	Kyocera
	Category 2
	
UPT CDF
[Mbps]
	5%
	4.23
	9.78
	2.16
	0.63
	2.16
	1.32
	0.43
	0.93
	0.41

	
	
	
	50%
	27.03
	34.33
	26.67
	9.43
	16.99
	8.14
	3.11
	5.51
	2.76

	
	
	
	95%
	45.98
	45.98
	57.14
	26.32
	33.06
	41.38
	15.38
	25.48
	15.04

	
	
	
	Mean
	26.50
	32.59
	29.10
	10.59
	17.50
	11.53
	4.75
	8.31
	4.66

	
	
	
Delay CDF
[s]
	5%
	0.09
	0.09
	0.07
	0.15
	0.12
	0.10
	0.22
	0.16
	0.19

	
	
	
	50%
	0.15
	0.12
	0.15
	0.39
	0.23
	0.52
	1.36
	0.84
	1.22

	
	
	
	95%
	0.95
	0.46
	2.38
	3.92
	1.20
	2.43
	3.94
	3.25
	4.96

	
	
	
	Mean
	0.27
	0.17
	0.36
	0.82
	0.38
	0.84
	1.54
	1.15
	1.84

	
	
	𝜌
	0.97
	0.90
	0.88
	0.90
	0.79
	0.74
	0.84
	0.68
	0.64

	
	
	BO
	0.15
	0.12
	0.13
	0.43
	0.33
	0.38
	0.70
	0.64
	0.69

	
	
	𝜆
	0.3
	0.5
	0.7

	
	Additional comments

	Additional comments: 
Unlicensed carrier only, 1Tx2Rx, no 256 QAM, BCC, no RTS/CTS
LBT: Based on FBE 
1) a fixed length LBT before the transmission burst 
2) at least 1 subframe IDLE period after the transmission burst.
3) the maximum burst length is assumed to be 4msec.



Table 2: The result of the case that Indoor deployment for LAA and LAA coexistence case with one shared unlicensed carrier and FTP traffic (LAA without licensed carrier)
	
Tdoc /
Company
	
LAA LBT cat.
	
Reported parameters
	Low load
BO range: 10%~25%
	Medium load
BO range: 35%~50%
	High load
BO range:
above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	Kyocera
	Category 2
	
UPT CDF
[Mbps]
	5%
	8.50 
	12.85 
	1.82 
	2.66 
	1.59 
	1.62 

	
	
	
	50%
	31.75 
	33.17 
	6.14 
	8.18 
	4.21 
	4.98 

	
	
	
	95%
	57.14 
	57.14 
	20.12 
	24.35 
	14.56 
	17.35 

	
	
	
	Mean
	33.52 
	34.19 
	7.90 
	9.97 
	5.74 
	6.80 

	
	
	
Delay CDF
[s]
	5%
	0.07 
	0.07 
	0.19 
	0.18 
	0.27 
	0.24 

	
	
	
	50%
	0.12 
	0.12 
	0.72 
	0.51 
	1.21 
	1.01 

	
	
	
	95%
	0.46 
	0.33 
	2.74 
	2.11 
	3.11 
	3.77 

	
	
	
	Mean
	0.18 
	0.16 
	0.94 
	0.76 
	1.40 
	1.31 

	
	
	𝜌
	0.91 
	0.92 
	0.77 
	0.82 
	0.77 
	0.83 

	
	
	BO
	0.10 
	0.10 
	0.49 
	0.50 
	0.63 
	0.63 

	
	
	𝜆
	0.30 
	0.30 
	0.60 
	0.60 
	0.70 
	0.70

	
	Additional comments

	Additional comments: 
Unlicensed carrier only, 1Tx2Rx, no 256 QAM, BCC, no RTS/CTS
LBT: Based on FBE 
1) a fixed length LBT before the transmission burst 
2) at least 1 subframe IDLE period after the transmission burst.
3) the maximum burst length is assumed to be 4msec.



Conclusions
Observation 1:
RAN1 should consider standardizing the FBE LAA since its impact on the neighboring Wi-Fi network is negligible.

Observation 2:
LAA-LAA co-existence can be achieved with the FBE LAA.



Appendix A
The parameters used in the simulation are described below. Basically these parameters are based on [1].

[bookmark: _Toc375227829][bookmark: _Toc404793526]A.1 Indoor scenario for LAA coexistence evaluations
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
 (
120 m
50 m
 
 
 
 
 
 
 
 
)

	System bandwidth per carrier
	10MHz.
	20MHz

	Carrier frequency 
	3.5GHz.
	5.0GHz

	Number of carriers
	2 (one for each operator) .
	1

	Total BS TX power
	24dBm (Ptotal per carrier) .
	18 dBm 

	Total UE TX power 
	Total UE TX power: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH 

	Penetration
	0dB

	Shadowing
	ITU InH

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	10 UEs per unlicensed band carrier per operator



	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	3m

	Traffic model
	FTP Model 3 and file size: 0.5 Mbytes.

	UE receiver
	MMSE-IRC

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 
For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	20 MHz unlicensed only

	Network synchronization
	Perfect synchronization in the same operator, Asynchronization in other operators

	Performance metrics
	· Performance metric
· User perceived throughput (UPT)
· UPT CDF
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF
· Note: DL and/or UL can be reported when applicable


[bookmark: _Toc404793529]
A.2 Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table without 256 QAM

	Antenna configuration	
	1Tx2Rx

	Channel coding
	BCC

	Frame aggregation
	A-MPDU

	MPDU size
	1500 bytes

	Max PPDU duration
	4 ms 

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Min : 15, Max : 1023 

	CCA-CS
	-82dBm

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic only for DL-only LAA coexistence evaluation

	Rate control
	Minstrel algorithm

	Channel selection
	N/A (1 channel simulation)

	OFDM symbol length
	4 micro second



A.3 Additional LAA system evaluation assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned

	Antenna configuration
	1Tx2Rx

	Transmission schemes
	Single Antenna

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation) 

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62dBm

	Channel selection
	N/A (within 1 channel)

	Cyclic Prefix
	Normal
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