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Abstract

• Measurement results of the power-delay profile in 

a data center and an outdoor environment are 

introduced.

• Analytical results of the characterization of the 

power-delay profile are also reported. 
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Measurement System

• The operating principle is to use a network analyzer to transmit and receive 

frequency-swept radio signals, measure the transfer function in the frequency 

domain, and then perform a Fourier transform to obtain the power delay 

profile.
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Measurement Setup

• Measurements were performed under the conditions shown in the table, with 

the transmitter fixed and the receiver moved.
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Measurement in outdoor environment

• The photo shows the delay profile measurement setup in an outdoor 

environment.

• Measurements were conducted in LoS situation, where on well-open road with 

few buildings in the vicinity as shown in the map.

Outdoor measurement photo Outdoor environment map
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Power delay profile in outdoor environment

• A delayed wave was received 5.5 ns later than the main wave with maximum 

amplitude and attenuated by 20 dBc, and it can be seen that the effect of the 

delayed wave is small.
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Path loss results in outdoor environment

• Figure shows the propagation loss calculated from the total received power, 

and it can be seen that the attenuation is about 3 dB smaller on average than 

the free space loss due to the reception of delayed waves other than the direct 

wave.
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Measurement in data center environment

• TX and RX omnidirectional antennas were placed above the server rack. 

• Measurements were also taken with the receiving antenna placed in different 

positions on the server racks.

Data center measurement photo Data center environment
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Power delay profile in data center 

environment
• In the data center environment, the antenna is installed close to the ceiling, so 

reflected waves from the walls and ceiling of the room arrive as delayed waves 

with large amplitudes.
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Path loss in data center environment

• Although there is a larger fluctuation than in the outdoor environment, the 

attenuation is smaller than the free space loss.
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Characterization of power delay profile results

• CDF results of calculating the delay spread (rms) using the following formula 

from the delay profiles are obtained.

• where, pk is the amplitude of the delay profile, and k is the delay time. The 

signals included in the delay spread calculation were -15, -20, -25, and -30 dB 

threshold from the peak power of the received wave, and also 10 dB higher 

than the noise floor.
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Delay spread in outdoor environment

• The delay spread was small, 0.82 ns at 50% and less than 2 ns at 90% when 

the threshold was set to 20 dB down from the peak at 289 GHz.

0.82 ns (CDF = 0.5, 289 GHz)
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Delay spread in data center environment

• The delay spread was larger than the outdoor environment, and when the 

threshold was set to -20 dB down from the peak, the delay spread was 2.7 ns at 

50% and 6.4 ns at 90% at 289 GHz.

2.7 ns (CDF = 0.5, 289 GHz)
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Summary

• In the outdoor environment, the received power was close to the free space 

characteristics, and in the indoor environment, the transmission loss was 

smaller in the data center.

• In addition, the delay spread is analyzed to evaluate the delay profile 

characteristics.

• As a future challenge, it will be necessary to analyze the correlation bandwidth 

from the delay spread and determine the appropriate communication 

bandwidth and modulation method per channel.
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