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Review & Discussion: Delay vs Load ratio

Simulation Setting 

 2 APs, 2 eNBs, each AP has one client, and each eNB has one user

 Load ratio: 0.2/0.4/0.5/0.6/0.8

 LAA energy detection threshold: -65/-70 dBm

 LAA SNR threshold: 17.5; WiFi SNR threshold: 20 dB

 Definitions of delay: delay = [time of successful receiving – time of ready to be 

transmitted]; 

 Transmit power: 18 dBm, Path loss model
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Review & Discussion: Delay vs Load ratio

Delay versus Load ratio (median)

Delay increases quickly at low LAA ED.

LAA ED: -65 dB LAA ED: -70 dB
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Review & Discussion: Delay vs Load ratio

Delay versus Load ratio (75th-percentile)

Delay increases quickly at low LAA ED, but the difference is not so large.

LAA ED: -65 dB LAA ED: -70 dB
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Review & Discussion: Delay vs Load ratio

CDF of delay at the load ratio of 0.8

For WiFi, the probability of large delay (infinite value ) is decreasing.

LAA ED: -65 dB LAA ED: -70 dB
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Review & Discussion: Threshold

Simulation Setting 

 4 APs, 4 eNBs, each AP has one client, and each eNB has one user

 Load ratio: 0.8

 LAA energy detection threshold: -65/-70/-75 dBm or different thresholds for 

different LAA

 LAA SNR threshold: 17.5; WiFi SNR threshold: 20 dB
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Review & Discussion: Threshold

Percentage of time occupation

 Load ratio of 0.8

• Average percentage of time occupation

Which one is “best”?
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Review & Discussion: Threshold

Simultaneous transmission is good or not?

 Two transmitters (25 meters away) transmit data at the same time, SNR 

threshold: 15 dB

• Left figure: yellow region: the coverage of Tr #1; blue region: Received power from Tr

#1/Received power from Tr #2 > 10^1.5 (only consider path loss, a circle) 

• Right figure: Green/Red region: the region that users can/cannot successfully detect 

signals from Tr #1 



Page  10

Review & Discussion: Threshold

Simultaneous transmission is good or not?

 Collision probability:

• 25/30 meters away, SNRth= 20 dB: pcol = 0.58/0.40

• 25/30 meters away, SNRth= 17.5 dB: pcol = 0.41/0.30

 Two pairs (#1: WiFi, #2: LAA), 30 meters away

• No simultaneous transmission: pe1 = 0.5; pe2 = 0.5.

• Both transmit all the time: pe1 = 1-0.4 = 0.6; pe2 = 1-0.3 = 0.7

• Both WiFi and LAA Transmit according to the users location 

 

𝑝1 ∗ 0.4 + 𝑝2 ∗ 0.3 + 𝑝12 = 1
𝑝12 ≤ 0.6𝑝1
𝑝12 ≤ 0.7𝑝2 0.32 0.48

0.20.48

 

𝑝𝑒1 =
𝑝1 = 0.8

𝑝𝑒2 =
𝑝2 = 0.68

𝑝12 = 0.48

0.5
0.5

1
1
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Review & Discussion: Threshold

Simultaneous transmission is good or not?

• Only LAA Transmit according to the users location (according to the feedback 

of SNR) 

 
𝑝1+ 0.3𝑝2 = 1
𝑝12 ≤ 0.7𝑝2

 
𝑝1 = 0.9
𝑝2 = 0.33

 
𝑝1 = 0.8
𝑝2 = 0.68

 
𝑝𝑒1 = 1 −

𝑝2+ 0.6𝑝12 = 0.81
𝑝𝑒2 =

𝑝2 = 0.33

 
𝑝𝑒1 = 1 −

𝑝2 + 0.6𝑝12 = 0.61
𝑝𝑒2 =

𝑝2 = 0.68

• For the nodes in the middle, the collision probability may be higher than the 

successful transmission probability. The LAA nodes in the margin prefer to have a 

high ED, and LAA nodes in the middle prefer to have low ED? (-65,-75.-75,-65). 

However, it may be not fair (how to add this constraint?). 

1.76 1.95 1.92 1.73 1.52 1.88 1.93 1.99
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Results: Multiple Users

Simulation setting

 Operator A: 4 APs, Operator B: 4 eNBs (APs), and each AP/eNB has five users

 802.11ac/LTE theoretical throughput and minimum SNR requirement (20 MHz, 

normal CP) (AC: MCS 0~11, LTE: MCS 0~14)

 CW is updated if NACK is received from all users
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Results: Multiple Users

Throughput, Load ratio of 0.8

• Operator A: WiFi #1,3,5,7; Operator B: WiFi # 2,4,6,8

• Operator A: WiFi #1,3,5,7; Operator B: LAA # 2,4,6,8 (MCS 1~6)



• Operator A: WiFi #1,3,5,7; Operator B: LAA # 2,4,6,8 (MCS 6)
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Results: Multiple Users

• With 8 WiFi APs, it is fair to the overall performance, however, it is 

also unfair to the APs in the middle; 

• If Operator B is LAA, both Operator A and Operator B’s performance 

are improved, since there is no competition among LAA users (ideal 

scheduling); 

• Analyses in the case of multiple users and mixed MCS will be more 

difficult.
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Results: Multiple Users

Throughput in CDF, Load ratio of 0.8

 Operator B: LAA (MCS 1-6, -70 dB)  Operator B: LAA (MCS 1-6, Overall)
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Results: Multiple Users

Delay, Load ratio of 0.8

• Operator A: WiFi #1,3,5,7; Operator B: WiFi # 2,4,6,8

• Operator A: WiFi #1,3,5,7; Operator B: LAA # 2,4,6,8 (MCS 1~6)
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Results: Multiple Users

Delay, Load ratio of 0.8

• Operator B: LAA(MCS 1-6) • Operator B: LAA (MCS 6)

For MCS 6, it is possible that some users will never get a chance to successfully 

access the channel.
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Results: Multiple Users

Throughput, Load ratio of 0.5

• Operator A: WiFi #1,3,5,7; Operator B: WiFi # 2,4,6,8

• Operator A: WiFi #1,3,5,7; Operator B: LAA # 2,4,6,8 (MCS 1~6)
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Results: Multiple Users

Delay (ms), Load ratio of 0.5

• Operator A: WiFi #1,3,5,7; Operator B: WiFi # 2,4,6,8

• Operator A: WiFi #1,3,5,7; Operator B: LAA # 2,4,6,8 (MCS 1~6)

The difference is not large in throughput; the difference is obvious 

in delay. (The channel is overloaded at the load ratio of 0.8.)
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Next steps

 Continue to think about some adaptive algorithms 

for LAA ED

 Continue to think about the scheduling of 

transmissions to users at different locations


