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Abstract

Wireless backhauling at 70GHz maybe a viable option for 5G
small cells densification. Whether indoors or outdoors, the
millimeter-wave (mm-wave) backhaul links in an obstructed-
line-of-sight (OLOS) or a non-LOS (NLOS) condition require
a thorough investigation on reflection and transmission losses
caused by various objects in the environment. In this paper,
we evaluate the reflection and transmission loss due to link-
obstructing objects at 70GHz frequency band, ranging from
human body to various building materials and vegetation. For
this purpose, we employed a free-space wideband mm-wave
channel sounding setup in the anechoic chamber and outdoors.
The results indicate that building materials, human beings and
trees cause significant attenuation of the 70GHz radio signals,
which is on average 45 − 50 dB. On the other hand, build-
ing materials such as, windows, and laminated or painted ply-
wood, medium-density fiberboard and plasterboard are good
reflectors. This extends an opportunity of establishing stable
communication links through reflections from the materials in
NLOS conditions using beamforming.

1 Introduction

The fifth-generation (5G) wireless communication is envis-
aged with applications requiring enormous data rates [1].
To meet this challenging requirement, millimeter-wave (mm-
wave) regime of the radio frequency spectrum will be an es-
sential part of 5G technology [2]. 5G wireless network in-
frastructure will be relying on small cells. However, dense
deployment of small cells will render the wired backhauling
impractical and costly [3, 4]. A more realistic and scalable so-
lution would be to consider short-range wireless backhauling
at low interfering licensed band, such as 70GHz. Furthermore,
a line-of-sight (LOS) mode of communication is always desir-
able, especially in the case of mm-Wave links. The mm-wave
links operating in an obstructed-LOS (OLOS) or a non-LOS
(NLOS) condition may suffer from considerable scattering and

transmission losses due to different objects in the given envi-
ronment. Furthermore, coverage simulations also require accu-
rate properties of built-in materials [5,6]. All this necessitates a
thorough study on the interaction of 70GHz radio signals with
link-obstructing objects. In mm-wave frequency spectrum and
especially the V-band (40− 75GHz), most of the available re-
search studies in the literature focused at evaluating reflection
and transmission characteristics of common building materi-
als at 60 GHz [7–24]. For the same purpose, only a small
number of research investigations tapped 70GHz frequency
band [9, 26–31, 33]. [25] reviews the literature for penetration
loss and electromagnetic properties of common building mate-
rials at mm-Wave frequencies. The International Telecommu-
nication Union (ITU) Recommendation [29] offers models for
calculating attenuation due different type of vegetation at mm-
wave frequencies. Attenuation from single ficus and conifer
trees at 60GHz is introduced in [34]. Table 1 presents the lit-
erature review for reflection and transmission losses of some
common materials at 70GHz frequency band.

In this paper, we investigate reflection and transmission losses
for a wide variety of link-obstructing objects at 70GHz fre-
quency band. The free-space method is employed for mea-
suring different materials in anechoic chamber and outdoors.
Our work uniquely supplements the existing literature by esti-
mating the reflection and transmission properties of materials
that are not previously measured at 70GHz frequency band, in-
cluding: (1) energy efficient office windows typically used in
northern Europe, (2) painted and laminated plywood, (3) fab-
ric curtain, (4) plasterboard, (5) commercially available office
partition, (6) human body, (7) asphalt and (8) trees.

The remainder of this paper is organized in three sections: Sec-
tion 2 describes the experimental setup along with the sum-
mary of materials under test. Section 3 presents results and
discussions on them. Finally, Section 4 concludes the paper.

2 70 GHz Reflection and Transmission Loss
Measurements

2.1 Channel sounder

A vector network analyzer (VNA) based channel sounder setup
is used for measuring reflection and transmission losses of
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Table 1: Literature review of reflection and transmission
properties of materials at 70 GHz frequency band.

Material Freq(GHz) Parameter Result(dB) Ref.

Concrete
75

T 60.0 [26]
R 8.0 [26]

Plasterboard

78.5
R

8.0 [9]
71 10.8 *
73

T

5.0 [33]
71 4.0 *

Brickwall 70 25.3 [30]
Wood 70 2.7 [30]

Single glass
73 7.1 [33]
70 8.2 [31]

Double glass

70 10.0 [31]
75 9 [26]
75 R 5.0 [26]
73

T
6.1 [33]

Medium 75 5.0 [26]
density 71 5.0 *

fiber 75
R

11.1 [26]
71 11.7 *

Whiteboard 73 T 73.8 [33]

Asphalt
77

R
16.0 [27]

71 16.1 *

Human
73

T

40.0 [32]
71 40.0 *

Tree
73 6.3 [28]
71 17.9 *

T: Transmission loss at wave incident angle = 0◦.
R: Reflection loss at wave incident angle = 40◦.
* Our results.

materials both in anechoic chamber and outdoors at 70GHz,
which is illustrated in Fig. 1. The VNA measures the am-
plitude and phase of the received signal as forward scattering
parameter, S21 or simply the complex channel transfer func-
tion H(fi) between transmit (TX) and receive (RX) sides.
The radio frequency (RF) signals are mixed with continuous
wave signals from local oscillator (LO) using frequency up-
and down-converters to realize 70GHz band, as illustrated in
Fig. 1. The frequency converters are the harmonic mixers that
form sum and difference frequencies at the integer multiple
(n = 4) of the LO signal. The channel sounder provides a rea-
sonable dynamic range of 70 dB. The measurement parameters
along with the TX and RX antenna specifications are summa-
rized in Table 2.

2.2 Experimental setup

The material specimen is placed in the far-field of both TX and
RX antennas. Bi-static reflection and transmission setup are
implemented as shown in Fig. 3 and Fig. 4, respectively. In the
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Fig. 1: Channel sounder setup employed for measurements.

Table 2: Measurement system parameters.

Description Anechoic chamber/Outdoor

LO power +13 dBm/+10 dBm
VNA power −4 dBm/−10 dBm
LO frequency 16.5GHz
VNA sweep 3− 8GHz
VNA IF bandwidth 5 kHz
RF frequency 69− 74GHz
RF bandwidth 5GHz
VNA sweep points 2501
VNA snapshots 100
TX/RX antenna Standard Gain Horn
TX/RX antenna HPBW E/H-plane (8◦)
TX/RX antenna gain 20 dBi
TX/RX polarization Vertical-Vertical
Sounder calibration Free-space

reflection setup, the material specimen is illuminated in such
a way that the angle of field observation φ1 is always equal to
the angle of reflection φ2. In the transmission setup, the ma-
terial specimen is illuminated at a normal incidence. For both
setups, the distance from the material sample to the TX and
RX antenna is selected in such a way that it is greater than the
far-field distance of the antennas, i.e., r = 2D2/λ; where D is
the maximum dimension of TX/RX antenna and λ is the wave-
length. Another important consideration is the size of material
under test. Since most of the energy in a radio link between
TX and RX is concentrated in the first Fresnel zone, the mate-
rial sample surface is extended over several Fresnel zones and
the edges are covered with RF absorbers to reduce the effect of
diffraction.

The measurements starts from a free-space reference measure-
ment with the same settings of the channel sounder. It aims
at recording the response of the measurement system includ-
ing RF cables, the broadside gains of the TX and RX anten-
nas, and free-space propagation loss so that we can calibrate
the material measurements. We measure up to 100 snapshots
of H(fi) and average them to reduce noise level. The H(fi)
snapshots are then converted to channel impulse response h(τ)
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Fig. 2: Example of the delay-gating of channel impulse re-
sponse h(τ) measured in anechoic chamber.

via inverse fast Fourier transform. Finally, the delay-gating is
applied to isolate the main reflection or the transmission path
between TX and RX from the unwanted reflections due to an-
tenna mismatch and those originating from the environment,
as exemplified in Fig. 2. Even when the measurements are per-
formed in anechoic chamber, we see some reflections in h(τ)
apart from the main reflection or transmission path as shown
in Fig. 2, and hence the delay-gating is crucial.

2.3 Material samples and their measurements

A wide range of material specimen are measured. These ma-
terial samples cover the typical link-obstructing objects in-
door and outdoor short-range backhauling and their details
are given in Table 3. Energy efficient windows is a common
consideration at both commercial and residential buildings es-
pecially at high latitude locations. Several types of Pilking-
ton InsulightTM commercially available window samples [35]
were acquired for measuring their reflection and transmission
properties. These window samples are: (1) fixed and (2) open
or operational. Fixed type windows are one time installation
windows and are generally used in large buildings, while open
type windows are casement windows with hinged sash that
swings in or out like a door and are commonly utilized in resi-
dential buildings. Each of the measured windows is composed
of different components, for instance, glass units, selective sur-
faces, gas as summarized in Table 4.

Other common construction materials considered for measure-
ments include plywood, plasterboard, medium-density fiber-
board (MDF), commercially available office partition, and fab-
ric curtain. As plywood is one of the most common and
frequently used construction material in buildings, we mea-
sured its four distinct variations with different sizes and surface
types. Humans recurrently obstruct radio links due to their fre-
quent movements in the environment, and therefore, we also
measured relatively fat and thin human bodies. For outdoor
mm-wave links, we measured attenuation due two different
trees and reflections from dry asphalt on a road. Item no. 1 to
no. 12 in Table 3 were measured inside anechoic chamber and
the rest were measured outdoors due to practical limitations.

Fig. 3: Bistatic reflection loss measurement setup.

Fig. 4: Transmission scattering loss measurement setup. γ =
0◦ in our measurements.

For anechoic chamber measurements, the TX and RX antennas
heights were fixed at 1m, the distance of the material speci-
men from TX and RX antenna was at 0.7m compared to the
far-field distance of the antennas at 70GHz i.e., 0.42m, the
incidence and reflection angles were φ1 = φ2 = 20◦, 40◦, 60◦,
and γ = 0◦ for transmission measurements. The exemplary
window measurement in anechoic chamber is shown in Fig. 5.
In outdoors, the two trees were measured with their trunks and
branches as illustrated through Fig. 6. The link distance in the
tree measurements varied between 3m and 5m, for which the
cross section width of first Fresnel zone at 70GHz ranges from
5.6 cm to 7.3 cm. In the asphalt measurements, the TX and RX
antennas were mounted on tripod stands at a height of 2m and
tilted towards the road at the grazing angles of 33◦, 41◦ and
50◦. The reflection losses for asphalt are characterized with
respect to a metal sheet, which serve as a reference.

3 Results and Discussion
The reflection and transmission losses for various materials
measured in anechoic chamber and outdoors are arranged in
Table 5 and Table 6, respectively.

It is interesting to observe that all the fixed type windows (F1

to F4) offered a very high transmission loss of about 70 dB
which can be explained from the presence of two types of spe-
cialized glass layers with offline coating, i.e., Optitherm S3
and S1N. Practically, it is not possible to transmit 70GHz ra-
dio signals through these windows. According to the manu-
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Table 3: Summary of materials measured in anechoic chamber and outdoors.

Item no. Material type ID Category Dimensions Measurement[W x H x T] cm3

1
Glass windows

O1, O2, O3 Open 123× 148× 21

2 F1, F2, F3, F4 Fixed 123× 148× 17

3

Plywood

P1 Normal 150× 150× 0.6

4 P2 Normal 150× 150× 01.1 Reflection
5 P3 Laminated 150× 150× 1.6 &
6 P4 Painted 150× 150× 1.1 Transmission
7 MDF board Mb Normal 150× 150× 0.9

8 Plaster board Pb Normal 150× 150× 1.1

9 Office partition Op Commercial 150× 150× 2.0

10 Fabric curtain Fc Commercial 150× 150× 2.0

11
Human body

Ht Thin 48× 190× 30

12 Hf Fat 40× 165× 25 Transmission
13

Tree trunk
T1 Mountain ash 40× 500× 35

14 T1 Pine 42× 1000× 40

15 Dry asphalt A Road - Reflection

Table 4: Pelkington InsulightTM windows specifications.

Type ID Configuration

Fixed

F1 3K6(S1N)–10(OPF)–16TGI(Ar)4(S3)

F2 3K6(S1N)–8.4L–16TGI(Ar)4(S3)

F3 3K8.4L–4(S1N)–16TGI(Ar)6(S3)

F4 3K4(S1N)–4(S1N)–16TGI(Ar)4(OPF)

Open
O1 [2K8.4L–14TGI(Ar)–4(S1N)]–17(As)–8.4L

O2 [2K4(S1N)–16TGI(Ar)–6(OPF)]–21(As)–4(OPF)

O3 [2k4(S3)–16TGI(Ar)–3(OPF)]–21(As)–4(OPF)
• For interpreting e.g. F1: nKx(IGU)–x(IGU)–zTGI(Ar)x(IGU)
• nK: total no. of Insulating Glass Units (IGUs).
• x(IGU): width in mm (IGU).
• Optitherm S1N: optimized and soft-faceted thermal IGU.
• Optitherm S3: traditional energy saving IGU.
• Optifloat OPF: transparent, toughened and heat soaked glass.
• yL: width in mm (Laminated Glass Unit).
• z(TGI): width in mm (Spacer material).
• w(As): width in mm (air space).
• Ar: argon gas.

facturing details [35], these glass layers provide high thermal
insulation. Furthermore, the open type windows (O1 to O3)
allowed the signals to pass through but with high transmission
loss of about 40 dB, which is significant. On the contrary, the
reflection loss from all widows, whether fixed or open types,
is about 8 ∼ 10 dB on average and demonstrate that they are
good reflector of radio waves at 70GHz. For the plywood,
MDF and plasterboard, the transmission loss is about 6 dB on
average. It is compelling to note that if the surface of these ma-
terials is covered with lamination or paint, they reflect signif-

Fig. 5: Anechoic chamber window measurements.

Fig. 6: Outdoor tree attenuation measurements.

icant amount of electromagnetic energy at 70GHz band. The
commercially available office partition and fabric curtain was
only tested for transmission loss as they had rough surfaces and
caused 5.2 dB and 1.5 dB attenuation, respectively. The width
of the measured humans covered the first Fresnel zone of the
link and lead to a shadow loss of about 40 dB, similar to what
is reported in [32]. This shows that humans can adversely af-
fect a radio link at the measured frequency. The attenuation
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Table 5: Estimated reflection and transmission loss for objects
measured in anechoic chamber.

Sample
Loss [dB]

Reflection (φ) Transmission (γ)
20◦ 40◦ 60◦ 0◦

Window (F1) 11.1 13.8 6.3 60
Window (F2) 7.6 4.9 4.3 > 70
Window (F3) 14.9 17.1 16.3 > 70
Window (F4) 2.0 2.0 1.1 > 70
Window (O1) 0.5 2.3 1.6 38.8
Window (O2) 1.7 0.9 3.0 37.5
Window (O3) 8.1 7.3 8.2 55
Plywood (P1) 13.7 15.6 34.6 0.5
Plywood (P2) 18.4 10.7 17.9 5.2
Plywood (P3) 10.8 5.4 16.9 7.9
Plywood (P4) 6.1 6.6 13.8 6.1

MDF (Mb) 2.5 11.7 - 5.3
Plaster (Pb) 10.8 15.8 34.2 4.0

Partition (Op) – – – 5.2
Curtain (Fc) – – – 1.5
Human (Hf ) – – – 48.7
Human (Ht) – – – 38.6

Table 6: Estimated reflection and transmission loss for objects
measured outdoors.

Sample
Loss [dB]

Reflection (φ) Transmission (γ)
33◦ 41◦ 50◦ 0◦

Tree (T1) – – – 45.2
Tree (T2) – – – 17.9

Asphalt (A) 9.8 16.1 10.8 –

through the mountain ash tree (T1) is 45 dB, which is 27 dB
more than the pine tree (T2). This is probably due to wider
and branched trunk of the mountain ash tree. The dry road
asphalt also exhibit high reflective properties where the reflec-
tion loss is on average 12 dB for different grazing angles. The
results are similar to those presented in [27].

In order to quantify the uncertainty in the measured results,
the transmission measurement for the plywood sample (P1)
was repeated seven times on different occasions. The standard
deviation of error obtained was about 2.2 dB.

4 Conclusion
Transmission and reflection losses due to objects in indoor
and outdoor short-range backhaul links are estimated through
wideband free-space measurements at 70 GHz. The results
demonstrate that windows, plywood, human bodies and trees
significantly attenuate radio signals in transmission, but at the
same time, are good reflectors and can be used for link estab-
lishment in NLOS conditions. It is observed that most mod-
ern building windows specialized for heat insulation purposes
cause high transmission loss. Some window types offer 3 dB

reflection losses at different incident angles. The human shad-
owing is about 40 dB on average, which is significant and can
result in serious intermittent outages in the link. The other
common building materials such as, plasterboard, plywood,
MDF, and fabric curtains have transmission losses up to 8 dB.
On the other hand, the reflection losses are reduced if the sur-
face is laminated or painted. These results serve as a baseline
for the design and deployment of 70 GHz wireless backhaul
links.

Acknowledgements

The authors would like to thank Nokia Bell Labs for the finan-
cial support. The authors greatly appreciate the help of Mikko
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