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1. Introduction
This contribution contains the evaluation results for LAA DL only coexisting with Wi-Fi UL and DL when the traffic is ftp.
2. Simulation Assumptions 
LAA Assumptions
LAA uses LBT Cat 4 [1] channel access mechanism as shown in Figure 1. The contention window is updated based on ACK/NACKs. 
· Initial CCA peroid is 34 s
· eCCA slot duration 9 s
· LAA Energy Detection threshold -62 dBm
· Dynamic Exponential Back off [CWmin, CWmax] is [16 , 1024]
· Maximum Channel Occupancy 4 ms
· LAA Burst is not alligned to subframe boundaries.
· Only Unlicecensed Band with one carrier is used. Bandwidth is 20MHz
· Antenna configuration is 1Tx and 1Rx 
· DL only
· MCS table from release 12 without 256 QAM
Wi-Fi Assumptions
· MCS table from 802.11ac including 256 QAM
· DIFS time 34 s
· Slot duration 9 s
· Energy Detection Threshold -62 dBm
· Preamble Detection Threshold -82 dBm
· Long GI of 800 ns
· RTS/CTS not applied
· DL to UL ratio 50 % to 50 %
· Antenna Configuration 1Tx 1Rx in DL and UL
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Figure 1
3. Simulation Results: Coexistence of Wi-Fi and LAA
Simulations are carried out by following the evaluation methodology for indoor scenario defined in [2].
Following Scenarios are simulated and reported in the results section.

Step1: Operator 1 and 2 both deploy Wi-Fi and the performance metrics are recorded.
Step2: Operator 2 replaces Wi-Fi with LAA DL only and the performance metrics are captured.
Each operator serves 20 users at a time.
The 5%-ile, 50%-ile and 95%-ile of the UPT and delay CDFs as well as the corresponding mean values are reported for FTP traffic. Average cell buffer occupancy is reported.







3.1. Evaluation results for Indoor deployment with one unlicensed carrier for FTP traffic 
Table 1  Wi-Fi DL UL and LAA DL only coexistence scenario with FTP traffic  

	
Reported parameters
	Low load
BO range for Wi-Fi Opt.1 in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. 1 in Step 1: 35%~60%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 70%

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

	DL:
UPT CDF
[Mbps]
	5%
	12
	13.5
	12
	12.8
	0.8
	1.1
	2.25
	4.1
	0.4
	0.55
	0.9
	0.7

	
	50%
	38
	38
	42.5
	44.2
	10.4
	10.8
	16.2
	26.5
	2
	3
	4
	20

	
	95%
	84
	84
	84
	82
	59
	51
	60
	67
	30
	32
	40
	51

	
	Mean
	44.3
	45.9
	46
	48
	16.8
	16.3
	22
	28.8
	6.1
	8.2
	11.4
	20.7

	DL:
Delay CDF
[s]
	5%
	0.048
	0.048
	0.048
	0.05
	0.06
	0.07
	0.066
	0.058
	0.12
	0.18
	0.09
	0.08

	
	50%
	0.1
	0.094
	0.095
	0.09
	0.35
	0.35
	0.24
	0.15
	1.2
	1.8
	0.85
	0.21

	
	95%
	0.35
	0.33
	0.33
	0.31
	2.5
	3.0
	1.8
	0.9
	8
	10
	4.1
	6

	
	Mean
	0.138
	0.129
	0.13
	0.12
	0.762
	0.693
	0.45
	0.28
	2.8
	1.9
	1.3
	1.1

	UL:
UPT CDF
[Mbps]
	5%
	11.2
	11.7
	13.4
	-
	4.3
	3.9
	5.6
	-
	1.55
	1.35
	1.25
	-

	
	50%
	38
	42
	43.6
	-
	15.7
	13
	20
	-
	5
	5.5
	4.5
	-

	
	95%
	84
	84
	84
	-
	63
	47
	78
	-
	38
	50
	37
	-

	
	Mean
	42.1
	45.4
	47
	-
	21.2
	17.8
	26.4
	-
	10.6
	12.5
	10.8
	-

	UL:
Delay CDF
[s]
	5%
	0.048
	0.048
	0.048
	-
	0.06
	0.08
	0.054
	-
	0.1
	0.07
	0.1
	-

	
	50%
	0.1
	0.1
	0.09
	-
	0.245
	0.296
	0.2
	-
	0.75
	0.7
	0.7
	-

	
	95%
	0.32
	0.28
	0.3
	-
	0.870
	0.980
	0.71
	-
	2.6
	2.8
	3.5
	-

	
	Mean
	0.140
	0.123
	0.12
	-
	0.352
	0.370
	0.27
	-
	0.9
	1.0
	1.0
	-

	𝜌DL
	0.999
	0.996
	1
	0.99
	0.95
	0.96
	0.99
	0.99
	0.56
	0.59
	0.76
	0.78

	𝜌UL
	0.996
	0.992
	0.99
	-
	0.99
	0.98
	0.99
	-
	0.95
	0.92
	0.97
	-

	BO
	0.2
	0.2
	0.19
	0.17
	0.57
	0.58
	0.45
	0.4
	0.88
	0.91
	0.85
	0.7

	𝜆
	0.37
	0.52
	0.7

	Company/tdoc: IIT Hyderabad
LBT category:  4 
Unlicensed only, LAA Sensing Threshold -62dBm, LAA uses 64 QAM and Wi-Fi uses 256 QAM.



Observations
From Table 1 we can see that LAA is not affecting Wi-Fi in any load condition. The Wi-Fi performance in step 2 is improved when compared to step 1. This behavior is expected because of the absence of UL of LAA. 

Under medium and high loads LAA is doing better than Wi-Fi and at the same time without degrading Wi-Fi. This is because of the high sensing threshold (-62 dBm) used by LAA. 
4.   Conclusion
The mechanism in Figure 1 is similar to Wi-Fi’s DCF access scheme and this mechanism ensures fairness when LAA DL only is co-located with another Wi-Fi network.
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