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Abstract — This work reports the measurements of radio wave propagation inside a modern office environment at
ubiquitous 60GHz millimetre wave band. The importance of the research is to investigate the rate of attenuation of
wireless signal in an office environment by the furniture and other building materials that a modern office comprises
off. As some of the office layout scan serve as obstructions to line of sight propagation required by the wireless
propagation for the frequency operation in the millimetre wave band, the results show appreciable propagation
attenuation over the 60GHz IEEE 802.11ad wireless link. This will no small way degrade the quality of signal
transmission during a real time application of this link by end users desiring a seamless transmission in office

settings.
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l. INTRODUCTION

The random nature of wireless link makes them susceptible to problems such as frequent link failures, co-
channel interference, latency and congestion which degrade system performance. Delivering good quality video
over wireless link and at the same time maintaining best end-to-end performance entails considering factors
which can mitigates against such accomplishment such as resource allocation, bottlenecks, overheads,
compression techniques, in other to fashioned out a well-tailored, scalable and robust design. The unfavourable
propagation characteristics exhibited at this band and increased free space path loss as a result of several
reflective paths over wide channel bandwidths can be overcome and often seems advantageous [1]. In the last
few years, researchers have carried out works aimed to develop telecommunication systems for commercial use
[2] [3] [4] [5]. There is more spectrums available in the 60 GHz than at 2.4 and 5 GHz bands, which permits
broader channels (2.16 GHz wide) to support very fast data rates of about 7 Gbps by employing modulation
techniques of lesser power, suitable for indoor connectivity to cater for requested multimedia applications [6].
Its small wavelengths of approximately 5mm allows for the use of compact and competitive antenna arrays to
aid beam-forming. The major challenges facing transmission at 60 GHz mm-wave WLAN are: high attenuation
of 68 dB at 1m and 91 dB beyond 10m distance, when propagating through obstacles, and oxygen absorption.
Through spectral reuse at 60 GHz, the 802.11ad would significantly improve the quality of the wireless link, and
increased data rate, reduce the demands on the congested 2.4 GHz and 5 GHz. The large unlicensed and
unutilized bandwidth of at least 5 GHz present around 60 GHz millimetre wave make wireless communications
promising and seems very suitable because of its ultra-high speed within a room in applications requiring higher
bandwidths as in uncompressed high video transmission, wireless display, gigabit file transfer, wireless docking.
The driving impetus for new technology that supplements the capacity of conventional Wi-Fi is the quest for
faster speeds, high capacity and low latency. This demand led to the release of the first 802.11ad wireless device
(WiGig dock D5000) in 2013 to establish 60 GHz link with compatible latitude 6430u equipped with Wilocity
chipset [6] to produce multi-gigabit speed to support advanced applications. The small physical size of 60 GHz
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antenna makes commercialization of phased array antenna system feasible. A pair of devices (transmitter and
receiver) operating on this frequency bands can employ beam-forming technique to train their antenna systems
for peak transmission dependability. This ability maximizes radio signal strength and permit resilient
communication at distance greater than 10m. The short range inherent in 60GHz signal propagation is the
driving force behind the experimental work presented in this paper.

Il. RELATED WORK

The demand for higher throughput in digital wireless communications will always increase. To keep up with
exponential growth in data traffic when several users share same physical resources requires upgrades in air
interface capacity and the use of new spectrum. The Wireless Gigabit Alliance (WiGig) initiated the
development and promoted the adoption of multi-gigabit per second speed wireless communications technology
which uses the unlicensed spectrum around 60 GHz band [7]. There is more spectrum available in the 60 GHz
than at 2.4 and 5 GHz bands, which permits broader channels (2.16 GHz wide) to support very fast data rates of
about 7 Gbps by employing modulation techniques of lesser power, suitable for indoor connectivity to cater for
requested multimedia applications [6]. Its small wavelengths of approximately 5mm allows for the use of
compact and competitive antenna arrays to aid beam-forming. Transmission at 60GHz band is short range and
as such, the authors carried out experimental work on the absorption of this very high frequency signal by
certain materials. This is necessary such that the seemingly disadvantage of propagation over short distance is
not adversely affected by the absorption rate and or coefficient of the materials used in this work. The inherent
limitation in 60 GHz propagation is that its attenuation increased with distance. IEEE 802.11ad devices have
very short range of 10 meters, coupled with attenuation of 22 dB in comparison to the 5 GHz band as predicted
by the Friis transmission equation. On the other hand, oxygen absorption has no major adverse effect over short
range distances, although it increased at 60 GHz [8]. Furthermore, 60 GHz communication displayed quasi-
optical propagation characteristics and as such, the received signal is dominated by the line of sight (LOS) path
and high order reflections from materials of high reflecting properties, such as metallic surfaces which permits
non-line-of sight (NLOS) communication [9]. Thus, 60 GHz communication is more suitable to in-door
environments where sufficient reflectors are present. The study [10] enumerated the design assumption coming
from the mm-Wave propagation characteristics and related adaptation to the 802.11 architecture but did not
include absorption of 60GHz signals. The work [11] carried out the assessment of RF radiation in the far field in
a selected mobile based station sites. The results indicates that the specific absorption rate (SAR) are quite lower
than the limit by the international commission on non-ionizing radiation protection (ICNIRP). The authors [12]
used the dielectric loss property of carbon black to study the reflection losses by employing arched testing
method in the frequency range from 2GHz to 18 GHz. There were improved absorption properties at high
frequency as the work suggested. Another work [13] only reviews the extent and future potentials of cement
based EMI shielding and wave absorbing building materials. The authors measured the shielding effectiveness
and reflection in the range of high frequencies from 1 GHz to 9 GHz by step of 0.2 GHz. In the work, the object
of investigation is a brick wall with a thickness of 0.25 m and the surface area of 2x2 m [14]. The work [15]
majorly is on characterization of 60-GHz channels in space and time delay. This output shows vital empirical
values for 60-GHz system design and a fundamental basis for ray tracing development and verification, it
equally propose a better understanding of the radio wave propagation at millimetre-wave frequencies. The effect
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of signal absorption by building materials was conducted by [16], but the author’s investigation was based on
millimetre wave propagation at frequency spectrum of 24GHz. Because of the recent awareness and limited use
of 60GHz, and compatible equipments available, fewer researchers are investigating how to harness the
ubiquitous unlicensed spectrum. This work is unique in that the authors carried out experimental evaluation of
60GHz transmission and absorption over IEEE 802.ad devices in real life scenarios.

Il. MATERIALS AND METHODS

This section focuses on evaluating the level of absorption of wireless signal by different material objects at
60GHz. These materials serve as obstacles between the transmitter and 802.11ad device. These parathion
between he transmitter and the 802.11ad A. Pisdmetres, measured from 1mup to18m as in Fig. 1.

~
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Fig. 1. Experimental set-up.

To ensure that the beam from the dock did not jump the obstacles, the dock was placed at distance x m (0.5)
close to the objects. The transmitter, the A.P, and the receiver were placed at height 0.65m respectively. The
experiment location was the forth floor of the network building at University of Essex, UK. The experiment was

conducted on weekend when human traffic on campus was minimum for accurate readings.
I1l. RESULTS AND DISCUSSION

Table 1 shows the throughput of each material in MBits/s. LOS throughput is 906. 836 MBits/s. Figure 4 and
5 are snapshot of average throughput of each material used in the experimental work. The snapshots also
indicates thread real-time (s), throughput (KB/s), average bytes per completion, total bytes (MEG), average
frame size, total buffers, throughput (Buffers/s), packet sent, packet received, total retransmit, total errors,
average cycles/bytes. It can be deduced from fig 2 that materials made of perspex, hardwood and glass permits
high signal penetration at 60GHz band when comparing their throughput to that of LOS (906.826 MBits/s),
which is 903.836 Mbit/s for perspex, 896.956 MBits/s for hardwood and 907.311 MBits/s for glass. On the
other hand, fig 3 presents average throughput of 405.050 MBits/s for FR4 PCB, 410.780 MBits/s for steell and
399.969 MBits /s for steel2. This is an indication that FR4 PCB absorbed 57.27%, steel1 absorbed 56.70% while
steel2 absorbed 57.81% of the transmitted signals. This is known from table 1 from which the maximum data
rates measured in real-time within the corridors between the transmitter and the receiver is 948 MBits/s from

maximum link speed of 1 Gbits/s. From figure 3, steell and steel2 have same throughput of 400 Mbps at 1m and
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380 Mbps at 2.8m respectively. Steel 1 maintained stable connection between 3m and 4m distance where its
bitrate was 390 Mbps and from this point suffers abrupt signal degradation up to 5.1m distance. This caused
reduction of its bitrate to 160 Mbps at 5.1m. Steel2 bitrate continually exhibit downward trend from 1m until its
0 Mbps at 5m. This downward trend is similar to FR4 PCB at a distance of 1m which was 630 Mbps until its
bitrate reached 180 Mbps at 4m before ascending linearly upward to 385 Mbps at 5.2m. It maintained this
bitrate until at 6.1m and then suddenly experienced high propagation loss and thus the bitrate decreased faster

and reached 0 Mbps at 7m.

On the other hand, the high reflective property of mirror can be seen in that its throughput was much higher
between 1m and 4.5m. At this distances, maximum throughput was about 900 Mbps and minimum was 830
Mbps. Beyond 4.5m, its bitrate drops sharply to 0 Mbps. Interestingly, Figs 2 and 3 show that some of these
materials have same throughput at some distances as revealed in table 1 for steel 1 and 2. Also, FR4 PCB and

steel 2 have same bitrate. The mirror and FR4 PCB bitrate is the same at 4.8m.

Table 1. Average throughput of the materials in Mbps and their thickness.

Objects Average Throughput (Mbps) Thickness (m)
Perspex 903.988 4.5
Hardwood 896.956 2.5
FR4 PCB 485.050 2.3
Steel 1 410.788 0.5
Mirror 893.998 2.0
Steel 2 399.969 2.0
Plate Glass 907.311 6.0
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Fig. 2. Materials absorption at 60 GHz.
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Fig. 3. Materials absorption at 60 GHz

FRAPCH

Steeld

Mirror
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Fig. 5. Throughput of FR4 PCB, steell, steel2 and mirror.
IV. CONCLUSION

This work investigated the effect of building material such as perspex, mirror and wood on wireless
propagation at the high spectrum. In summary, perspex, hardwood and glass are recommended for use in
buildings to allow maximum signal reception which will lead to good Qos when transmission over 60GHz. Thus
permeability and resistivity of these materials is crucial in the design of building to aid easy wireless
transmission at 60 GHz. The results of this work thus proposes the use of more pair of devices, that is
transmitter and receiver operating on this frequency bands to employ beam forming technique to train their
antenna systems for peak transmission dependability. The antenna penetrating power should also be made more
powerful as this capability will maximize radio signal strength and permit resilient communication at distance

greater than 10m synonymous to 60GHz transmission.
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