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In RAN1#79, the simulation assumptions have been agreed [1]. And in [2], the initial co-existence evaluation has been summarized. It is agreed that
Agreements:
· Companies should at least provide results with LBT for coexistence evaluations.
In our previous contribution [3], we have shown that coexistence mechanism should be applied to LAA to guarantee the fairness between LAA and WiFi system. In this contribution, we will provide the initial simulation results for WiFi-LAA coexistence scenario with LBT using the agreed assumptions.
Simulation assumptions
In this contribution, we simulated 4 cases as described below:
Case 1: 4 AP + 4 LAA per cluster, λ = 0.2, file size = 0.5MB
Case 2: 2 AP + 2 LAA per cluster, λ = 0.2, file size = 0.5MB
Case 3: 4 AP + 4 LAA per cluster, λ = 0.1, file size = 0.5MB
Case 4: 2 AP + 2 LAA per cluster, λ = 0.1, file size = 0.5MB
In each case, the UE performance when LAA deploys coexistence mechanism (i.e. LBT) will be compared to that when LAA deploys nothing. The other simulation assumptions follow those in A. 1.2 and A. 2 in [4].
In addition to the agreed scenario with 4AP + 4LAA, we provide more cases for a better comparison. The 2AP+2LAA cases are simulated to evaluate the performance of LBT in sparse deployment scenario. The user perceived throughput and latency have been evaluated.
User perceived throughput 
The simulation results of user perceived throughput are illustrated in Fig.1. From the simulation results we can see that LBT for LAA can dramatically increase the UPT performance of WiFi, especially in dense deployment and low data arrival case, i.e. case 3. The reason is that, if LBT is applied to LAA, the interference will be avoided and the channel quality of WiFi will be improved. In high data arrival rate cases, i.e. case 1 and case 2, LAA performance will be slightly affected. In low data arrival rate cases, i.e. case 3 and case 4, the LBT scheme can both increase the performance of WiFi and LAA. In the simulation, the data arrival rates for LAA and WiFi are the same. With high data arrival rate, LAA will suspend for longer time to avoid interference to WiFi, and the available resources will be shared by more UEs. Since LBT will also improve the channel quality of LAA, the UPT will be slightly affected.  With low data arrival rate, LAA will suspend for relatively less time to avoid interference to WiFi, and the available resources will be shared by less UEs. Since LBT will also improve the channel quality of LAA, the UPT will be improved. Detailed simulation results are shown in Table 1 and Table 2.
Observation 1: LBT for LAA can dramatically increase the UPT performance of WiFi, especially in dense deployment and low data arrival rate case.
Observation 2: In low data arrival rate cases, the UPTs of LAA are also improved.


Fig.1 Average user perceived throughput
Table 1: User perceived throughput of WiFi 
	Cases
	
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT (Mbps)

	Case 1
	LAA w/o LBT 
	0.38 
	3.38 
	25.97 
	6.83

	
	LAA  w/ LBT 
	1.03 
	9.41
	40.82
	12.98 (+90.0%)

	Case 2
	LAA w/o LBT 
	0.42 
	6.73 
	37.74 
	10.86

	
	LAA  w/ LBT 
	0.95 
	9.43
	38.46
	12.93 (+19.1%)

	Case 3
	LAA w/o LBT 
	0.300 
	4.51 
	35.71 
	8.81

	
	LAA  w/ LBT 
	1.72 
	16.06
	50.00
	21.53 (+144.4%)

	Case 4
	LAA w/o LBT 
	0.37 
	9.13 
	44.94 
	13.54

	
	LAA  w/ LBT 
	1.68 
	13.99
	50.00
	18.59 (+40.3%)



Table 2: User perceived throughput of LAA
	Cases
	
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT (Mbps)

	Case 1
	LAA w/o LBT 
	2.14 
	10.64 
	40.82 
	14.60

	
	LAA  w/ LBT 
	1.03 
	7.56
	59.70
	14.03  (-3.9%)

	Case 2
	LAA w/o LBT 
	1.97 
	14.44 
	66.67 
	21.00

	
	LAA  w/ LBT 
	1.96 
	13.11
	62.50
	20.32 (-3.2%)

	Case 3
	LAA w/o LBT 
	1.71 
	10.96 
	41.67 
	16.07

	
	LAA  w/ LBT 
	1.67 
	12.74
	66.67
	23.55 (+46.5%)

	Case 4
	LAA w/o LBT 
	2.17 
	17.32 
	66.67 
	23.54

	
	LAA  w/ LBT 
	2.53 
	18.87
	66.67
	27.28 (+15.9%)



Latency
The latency performances of the 4 cases are also evaluated. From Fig. 2 we can see that the latency of WiFi is dramatically decreased when LAA employs LBT, especially in dense deployment and low data arrival rate case, i.e. case 3. The reasons are the same as mentioned in section 3. The WiFi channel quality is improved because of the LBT scheme of LAA. Hence the required data transmission time for WiFi will be reduced. The latency of LAA will increase, especially in dense deployment and high data arrival rate case, i.e. case 1. LAA will experience more waiting time due to the LBT scheme. But in sparse deployment and low data arrival rate case, i.e. case 4, the LBT can also reduce the latency of LAA. This may due to the reason that with LBT, the LAA will experience less interference and hence have higher spectrum efficiency. The detailed simulation results are shown in Table 3 and Table 4.
Observation 3: The LBT for LAA can dramatically decrease the latency of WiFi.


Fig. 2 Averaged latency performance
Table 3: Latency of WiFi 
	Cases
	
	5% latency(ms)
	50% latency(ms)
	95% latency(ms)
	Average latency(ms)

	Case 1
	LAA w/o LBT 
	155 
	1184 
	10570 
	2647.1

	
	LAA  w/ LBT 
	98 
	426 
	3897 
	982.5 (-62.9%) 

	Case 2
	LAA w/o LBT 
	106 
	594 
	9494 
	2092.8

	
	LAA  w/ LBT 
	104 
	425 
	4199 
	1035.4 (-50.5%) 

	Case 3
	LAA w/o LBT 
	112 
	887 
	13540 
	2981.6

	
	LAA  w/ LBT 
	80 
	250 
	2329 
	642.6 (-78.4%) 

	Case 4
	LAA w/o LBT 
	89 
	438 
	10870 
	2138.2

	
	LAA  w/ LBT 
	80 
	287 
	2356 
	694.8 (-67.5%) 



Table 4: Latency of LAA 
	Cases
	
	5% latency(ms)
	50% latency(ms)
	95% latency(ms)
	Average latency(ms)

	Case 1
	LAA w/o LBT 
	99 
	376 
	1870 
	618.3

	
	LAA  w/ LBT 
	98 
	529
	3739
	1041.7 (+68.5%)

	Case 2
	LAA w/o LBT 
	60 
	277 
	2028 
	569.3

	
	LAA  w/ LBT 
	64 
	305
	2044
	589.8 (+3.6%)

	Case 3
	LAA w/o LBT 
	112 
	365 
	2336 
	645.7

	
	LAA  w/ LBT 
	80 
	314
	2389
	670.4 (+3.8%)

	Case 4
	LAA w/o LBT 
	60 
	231 
	1845 
	518.1

	
	LAA  w/ LBT 
	80 
	214
	1580
	435.2 (-16.0%)



Conclusions
In this contribution, we provided simulation results for the WiFi-LAA co-existence scenario with LBT scheme. From the simulation results, we observe that:
Observation 1: LBT for LAA can dramatically increase the UPT performance of WiFi, especially in dense deployment and low data arrival rate case.
Observation 2: In low data arrival rate cases, the UPTs of LAA are also improved.
Observation 3: The LBT for LAA can dramatically decrease the latency of WiFi.
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