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Problem Review

Simulation Setting 

 4 pairs or 8 pairs

 Load ratio: 0.2/0.5/0.8

 LAA energy detection threshold: -65/-70/-75 dBm

 Definitions of delay: I) delay = [time of successful transmission – time of arrival]; 

II) delay = [time of successful receiving – time of ready to be transmitted]; 
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CDF Results: Case II

Percentage of time occupation, 4 pairs

 Load ratio of 0.8

 Load ratio of 0.5

 Load ratio of 0.2

At a low load ratio (0.2), there is not too much competition between WiFi and LAA.
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CDF Results: Case II

Delay with Definition I, 4 pairs

 Load ratio of 0.8 (in sec)

In -70 dBm and -75 dBm, collisions may happen frequently in this case due to asymmetric 

threshold for energy detection. (Note: the X-axis is in log scale.) 
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CDF Results: Case II

Delay with Definition I, 4 pairs

 Load ratio of 0.5 (in sec)

WiFi: worsemiddlebetter
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CDF Results: Case II

Delay with Definition I, 4 pairs

 Load ratio of 0.2 (in msec)

At a low load ratio (0.2), LAA and WiFi almost have the same performance.
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CDF Results: Case II

Delay with Definition II, 4 pairs

 Load ratio of 0.8 (in sec)

Similar trend. WiFi keeps the same: WiFi transmit first, not a problem; LAA 

transmit first, collisions to LAA.
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CDF Results: Case II

Delay with Definition II, 4 pairs

 Load ratio of 0.5 (in sec)
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CDF Results: Case II

Delay with Definition II, 4 pairs

 Load ratio of 0.2 (in sec)
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CDF Results: Single User, 4 Transmitters

Percentage of time occupation

 Load ratio of 0.8

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)

Should we exclude bad locations?



Page  12

CDF Results: Single User, 4 Transmitters

Percentage of time occupation

 Load ratio of 0.8

• CDF

From -65 to -75 dBm, WiFi is improving in general. The probability for low percentage of 

time occupation (for example, less than 0.1) is decreasing.
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CDF Results: Single User, 4 Transmitters

Delay with Definition II

 Load ratio of 0.8

• “Average” delay (excluding bad locations)

• CDF

WiFi is improving in general. The probability of large delay is decreasing.
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CDF Results: Single User, 4 Transmitters

Percentage of time occupation

 Load ratio of 0.5

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)

• “Average” delay (excluding bad locations)
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CDF Results: Single User, 4 Transmitters

Delay versus Load ratio

 LAA ED: -65 dB

Different trend for the 75th-percentile and medium? Note: different scale in Y-axis.
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CDF Results: Single User, 4 Transmitters

Delay versus Load ratio

 LAA ED: -70 dB
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CDF Results: Single User, 8 Transmitters

Percentage of time occupation

 Load ratio of 0.8

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)
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CDF Results: Single User, 8 Transmitters

Percentage of time occupation

 Load ratio of 0.8

• CDF

Wfi’s curves is “moving right”  better performance.
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CDF Results: Single User, 8 Transmitters

Delay with Definition II

 Load ratio of 0.8

• “Average” delay (excluding bad locations)

• CDF

Wfi’s curves is “moving left”  better performance.
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CDF Results: Single User, 8 Transmitters

Percentage of time occupation

 Load ratio of 0.5

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)

• “Average” delay (excluding bad locations)

The delay is a bit strange, should we exclude bad locations?
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CDF Results: Single User, 8 Transmitters, Different Thresholds

Percentage of time occupation

 Load ratio of 0.8

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)
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CDF Results: Single User, 8 Transmitters, Different Thresholds

Percentage of time occupation

 Load ratio of 0.5

• Average percentage of time occupation

• “Average” percentage of time occupation (excluding bad locations)

[-75,-70,-70,-75] is the best combination so far.
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CDF Results: Single User, 8 Transmitters, Adaptive

Percentage of time occupation

 Load ratio of 0.8

• Average percentage of time occupation

Procedure

 Each eNB has an initial value of ED, Edmin = -62 dBm, Edmax = -82 dBm

 In average, there are k packets arrived during time interval T，if the increasing 

number of packets in the buffer is larger than k*R, ED = ED +1; if the number of 

packets in the buffer is decreasing, ED = ED -1;

Performance depends on the adopted parameters.
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CDF Results: Multiple Users

Simulation setting

 Each AP/eNB have five users

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

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

 WiFi: MU-MIMO

 CW is updated if NACK is received from any user
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CDF Results: Multiple Users

Percentage of time occupation, 8 transmitters 

 Load ratio of 0.8

 Load ratio of 0.5

Choosing different thresholds for LAA can also improve the performance.
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CDF Results: Multiple Users

CDF for LAAED = [-75,-70,-70,-75]

 Load ratio of 0.8
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Simulation Results from NS-3

Simulation setting [1]

 Layout

 Traffic model: FTP Model 1 over UDP/TCP, lambda = 0.5/1.5/2.5

 WiFi: 1) 802.11n 2*2 MIMO, channel 36 (20 MHz); 2) a standard DCF for best 

effort traffic; 3) CCAED = -62 dBm, CCACS = - 88dBm; 4) No beamforming

 LAA: 1) Cwmin = 15, Cwmax = 1023; 2) maximum TxOP length (configured 

from 4 msec to 20 msec); 3) implement reservation signals to occupy the 

channel until the first subframe with data; 4) CCAED = -62/-72/-82 dBm

 UEs (STAs) move around at 3 km/h, no re-dropping.

[1] B. Bojovic, L. Giupponi, T. R. Henderson, M. Miozzo, “Simulation results for LAA LBT indoor scenario 

using the ns-3 network simulator”.
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Simulation Results from NS-3

Simulation Results [1]

 Throughput, lambda = 2.5

[1] B. Bojovic, L. Giupponi, T. R. Henderson, M. Miozzo, “Simulation results for LAA LBT indoor scenario 

using the ns-3 network simulator”.

LAA is becoming worse. The probability of low throughput increases.
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Simulation Results from NS-3

Simulation Results [1]

 Latency, lambda = 2.5

[1] B. Bojovic, L. Giupponi, T. R. Henderson, M. Miozzo, “Simulation results for LAA LBT indoor scenario 

using the ns-3 network simulator”.
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Simulation Results from NS-3

Simulation Results, 802.11n SISO  

 Throughput, lambda = 2.5 (WiFi/-62 dBm)
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Simulation Results from NS-3

Simulation Results, 802.11n SISO 

 Throughput, lambda = 2.5 (-72 dBm/-82 dBm)

The difference is not large.
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Simulation Results from NS-3

Simulation Results, 802.11n SISO 

 Latency, lambda = 2.5 (WiFi/-62/-72/-82 dBm)
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Next steps

 Continue to think about some adaptive algorithms 

for LAA ED

 Consider multiple subchannels


