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Enabling Classrooms for High Density Wi-Fi 
Transitioning from Coverage to Capacity 

Rowell Dionicio 
 

The biggest obstacle in today’s classroom environments is transitioning the current Wi-Fi design 
from coverage to capacity. Previous deployments required only coverage in and around 
classrooms. With students bringing in multiple devices and instructors now transforming their 
classes into interactive teaching with technology, we were forced to provide a robust Wi-Fi 
network to meet capacity. 
 
A department required the use of Google Chromebooks to deliver exams over Wi-Fi. The initial 
configuration of three rooms in which these tests would be conducted were covered by two 
access points.  
 
The largest classroom would have Chromebooks associated to Wi-Fi downloading and 
uploading audio during an exam. Initial testing of this scenario failed user experience 
expectations. The exams did not work well over Wi-Fi. Using a protocol analyzer, 13% of the 
frames captured using a protocol analyzer were retransmissions although the effective data rate 
was 9.6 Mbps. 
 

 
 
Sitting down with the client, I gathered the requirements needed to run a successful exam over 
Wi-Fi. The largest classroom would have 80 Chromebooks while the other two classrooms 
would have up to 40 Chromebooks. With a combined 160 Chromebooks, this was a capacity 
issue. Each Chromebook needed to download a 14 MB file and also upload audio files to a 
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server. A protocol analyzer showed there was inefficient use of airtime amongst all 
Chromebooks on two access points with omnidirectional antennas. 
 
Using Ekahau Site Survey to conduct a wireless site survey, I provided a new design utilizing 
Cisco 3702E access points with AIR-ANT2566D4M-R external patch antennas. The patch 
antennas were installed against the ceiling tiles to direct signal towards the Chromebooks. 
These Cisco antennas were selected because of their elevation and azimuth beamwidth to 
create smaller, directed, cell sizes compared to omnidirectional antennas which propagate 
signal in a 360 degree fashion. 
 

 
Coverage requirement in Rooms 198, 199, 194, and 197 
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Co-channel Interference Map 
 
Each cell that the external antenna created allowed me to segment the Chromebooks into 
different basic service sets. With this configuration, the ratio of Chromebooks to access points is 
decreased. Less clients on a single radio allowed for more efficient RF airtime and channel 
utilization. 
 
With Ekahau Site Survey, I designed a multiple channel architecture with non-overlapping 
channels on 2.4 GHz (with some radios disabled) and 5GHz using 20 MHz channel widths. The 
channel width was important because the classrooms were adjacent to other rooms with 
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existing Wi-Fi deployments. Utilizing unused channels provided more capacity without creating 
co-channel and adjacent channel interference.  
 
In coordination with the systems administrators we were able to conduct a true validation test 
with the Chromebooks. In the largest classroom with two external antennas I documented an 
effective data rate of 86.4 Mbps on channel 64 of the 5 GHz spectrum. There were 46 
Chromebooks associated with a retry rate of 6%. 
 

 
 
 
The spectrum analyzer also confirmed channel 52 with an OFDM spectral mask with up to 45% 
channel utilization. An OFDM spectral mask can be seen with up to 30% channel utilization with 
58 Chromebooks associated at an effective data rate of 141 Mbps and 5% retry rate. 
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The validation test of my design showed a considerable performance increase compared to the 
original design which was based on coverage. The initial design was being impacted by 
adjacent channel interference, inefficient air time utilization and high channel utilization which 
was captured using a spectrum analyzer. 
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