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Energy Detection for LAA

 Simulation setting

 4 APs (green) and 4 eNBs (yellow) are equally spaced [1]

 Transmit power: 18 dBm, with path loss, shadowing (sigma = 4) and 
Rayleigh fading

 FTP traffic with load rate of 0.5

 WiFi: CCACS = -82 dBm, CCAED = -62 dBm; LAA: CCAED = -65/-70/-75 
dBm

 q_WiFi = [15,63], q_LAA = [15,63]
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Energy Detection for LAA (cont’d)

[1] 3GPP TR 36.814 v9.0.0, “Technical Specification Group Radio Access Network,” Mar.2010.
[2] IST-WINNER II Deliverable 1.1.2 v.1.2, WINNER II Channel Models, IST-WINNER2, Tech. Rep., 2007.
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Energy Detection for LAA (cont’d)
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Energy Detection for LAA (cont’d)

Only path loss, if all nodes are independent

 Decreasing LAA threshold: WiFi nodes keep the same, LAA nodes are 
easily blocked. 
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Energy Detection for LAA (cont’d)

Only path loss, load rate of 0.5 (Time occupation/Block times)
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Energy Detection for LAA

 The block times by simulation basically follows the block times with 

independent assumption at high thresholds. For example, 1) ratio for -60 

dBm; 2) for some cases, like -60 and -65 dBm, the performance are the 

same (also works for -75 and -80 dBm).

 At high thresholds, there are more interactions and less concurrent 

transmission?? For example, at the threshold of -65 dBm, node 2 and 3 

can transmit simultaneously, but node 3 will block node 2 at the 

threshold is -75 dBm.

 LAA nodes’ performance keep decreasing, and WiFi nodes can always 

send their data out in this load rate.  
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Energy Detection for LAA (cont’d)

Only path loss, load rate of 0.8 (Time occupation/Block times)
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Energy Detection for LAA

 WiFi nodes in the middle suffer performance loss due to more competitions 

at the load rate of 0.8.

 LAA’s performance always decreases; WiFi’s performance generally 

increases, but some nodes may decrease first and then increase. 1) 

Decreasing LAA thresholds will make the LAA nodes become easily 

blocked; this may give WiFi more opportunities to transmit; 2) Decreasing 

LAA thresholds will decrease the opportunities of concurrent 

transmissions; this may both decrease WiFi and LAA’s performance??

 Decreasing LAA thresholds, LAA nodes suffer a lot, but WiFi nodes only 

improve a bit. Only WiFi: (0.4413, 0.4035, 0.4027, 0.4465). The 

performance of WiFi are limited by their own nodes? 
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Energy Detection for LAA (cont’d)

With fading, load rate of 0.5 (Time occupation)

With fading, load rate of 0.8 (Time occupation)

 The performance trend is similar, LAA nodes keep decreasing, WiFi nodes 
generally become a bit better.

 What about Cisco’s results?
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Multi-carrier LBT

 Option 1: WiFi-like (same location, load rate of 0.5, 4 pairs)

 Single subchannel, effective bandwidth

 4 subchannels, AC PC: 1,2; LAA PC: 3,4

WiFi LAA

4.24 4.17 4.18 4.21

WiFi LAA

17.2 16.8 17.1 17.8

 4 subchannels, AC PC: 1,2; LAA PC: 1,2

WiFi LAA

17.1 16.8 17.3 17.5

 Both 802.11ac and LAA will occupy the entire bandwidth or not work.
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Multi-carrier LBT (cont’d)

 Option 1: including 802.11b nodes same location, load rate of 

0.5, 3 pairs.

 Single subchannel, effective bandwidth

 4 subchannels (802.11 PC:1, LAA PC: 4)

802.11ac LAA 802.11b

6.65 6.63 4.78

802.11b 
subchannel

802.11ac LAA 802.11b

1 22.92 23.21 6.69

2 19.14 22.80 6.74

3 21.55 22.01 6.67

4 20.12 24.24 6.69
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Multi-carrier LBT (cont’d)

 Option 1: including 802.11b nodes same location, load rate of 

0.5, 6 pairs.

 Single subchannel, effective bandwidth

 4 subchannels (802.11 PC:1,2, LAA PC: 3,4, 801.11b: 2,3)

802.11ac LAA 802.11b

3.17 3.16 3.14 3.21 1.75 1.69

802.11ac LAA 802.11b

11.84 12.93 19.12 15.35 5.89 5.20
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Multi-carrier LBT (cont’d)

 Option 1: Bandwidth, load rate of 0.5, 6 pairs. 

 4 subchannels (802.11 PC:1,2, LAA PC: 3,4, 801.11b: 2,3)

Bandwidth 802.11ac LAA 802.11b

80 622 658 680 611 0 0

60 0 0 2172 1394 0 0

40 1512 2117 3626 2285 0 0

20 6324 5694 1963 3747 5900 5326

 LAA is more aggressive in this case due to its flexibility in carrier aggregation. 
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Multi-carrier LBT (cont’d)

 Option 2: Self-deferral for synchronization
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Next steps

 Continue to study the detection threshold problem.

 Simulate multi-carrier LBT with more limitations and at different 

locations; continue to study the channel selection problem.


