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Abstract 
High data rate communication is gaining attention to comply user demand,  especially in an indoor environment. In a future fifth 

generation (5G) communications system, the need for broader spectrum bandwidth motivates the researcher to explore new 

carrier frequency range from centimetre-wave (cm-Wave) to millimetre-wave (mm-Wave).  The paper presents the 

characterization of penetration loss measurement and modeling for four interior materials typically used in Malaysia building 

construction, such as concrete, clear glass, tinted glass, and drywall. The measurement campaigns were conducted at 6.5 GHz, 

10.2 GHz, 15 GHz, 20 GHz, 28 GHz and 38 GHz in an office environment in Universiti Teknologi Malaysia (UTM- Kuala 

Lumpur) campus. From the measurements campaign, the result of penetration losses is extracted and modeled.  As consequences, 

it  specifies Malaysia building is an environmental friendly for 5G communication due to low attenuation observed compared to 

existing studies conducted in temperate regions countries. Moreover, the unique characteristic of 15 GHz and 20 GHz 

distinguished the most potential frequencies for building penetration, especially in Malaysia building environment. 
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1. INTRODUCTION 

The data traffic of wireless communication has experienced 

intensely growing spurred   by advancement of smartphones 

and telecommunications gadget. The current LTE/LTE-A 

system data rate reach several megabits per second, and 

expected will be increasing  tremendously in next decade. 

Therefore, the data rate, capacity and quality of service for  

broadband users, has become technically challenging and 

draw  overwhelming of attention among academia and 

researcher. In order to provide high capacity and data rates 

communications, the wide range of frequency will be 

required. Moreover, the major bandwidth shrinking at below 

6 GHz, motivates the research at higher frequency bands. 

 

Ofcom has identified frequency range between 6 GHz to 

100 GHz will be considered for the future 5G 

communications system. These frequency bands were 

previously abandoned, due to severe attenuation complied, 

and insufficiently evaluated for future mobile systems. 

 

Universally, the higher frequency bands are expected  

disadvantageous as the shorter wavelength will weaken the 

reflection and diffraction properties of radio wave 

transmission. However, this criterion otherwise beneficial 

for small cell and hotspot. In [1][2] , the authors agree 

within 200 m transmission radii, the communication link is 

clear of atmospheric attenuation or water vapor absorption. 

 

To model the cm-Wave and mm-Wave channel for indoor 

environments, the new characterization is required to 

composite the interior building material properties upon the 

untested frequency bands. 

 

The study on building materials has  been conducted 

previously.   In [3], the comparison of penetration loss from 

2 GHz to 74 GHz for glasses and wooden door material was 

presented. The similar work has been conducted to measure 

a wide selection of  building materials at 2.4 GHz to 5 GHz 

in [4]. Moreover, the measurement of glasses, concrete, and 

drywall at 28 GHz in [5], discovered the high losses (> 40 

dB) is observed at the tinted glass in the urban building, due 

to highly metal coated for the energy-conserved purpose. 

 

The various concern of building material has been studied in 

[6], where the properties of penetration,  diffraction, and 

scattering were observed from the view of antenna 

polarization, material thickness, and permittivity at 40 GHz.  

Interior and exterior wall have been measured at 24 GHz to 

31 GHz in [7] , indicate the concrete interior  wall 

attenuation range between 10 dB to 30 dB , while for the 

exterior wall twice higher than stated values (penetration 

loss range 20 dB to 60 dB) . In [8], the outer wall of the old 

and modern building have been studied at 0.8 GHz to 28 

GHz. 

 

To author’s best knowledge, the building material channel 

characterization measurement has not yet conducted on 

Southeast Asia building countries specifically, especially at 

6 GHz to 38 GHz. In this work, we investigate the 

penetration loss of cm-Wave and mm-Wave channel models 
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at for  5G communications potential frequencies at 6.5 GHz 

to 38 GHz. Four materials have been measured such as 

concrete, clear glass, tinted glass, and drywall to contribute 

to the fundamental information of material characterization 

on high frequencies. The result reveals the penetration loss 

are relatively dependent on the frequency bands, 

nevertheless the unique characterization at 15 GHz and 20 

GHz indicate special behavior in channel propagations. 

Furthermore, based on the measurement results, the 

penetration loss models are proposed. 

 

The remainder of the paper is organized as follows: The 

equipment setting is presented in Section II, measurement 

environment and measurement procedures are presented in 

Section III. Section IV presents the result of measurement 

and modeling for the materials measured. Finally, Section V 

concludes the paper. 

 

2. MEASUREMENT SETUP 

0 dBm of continuous-wave RF signal was generated by 

Anritsu MG369xC Signal Generator  and delivered to 

pyramidal horn antenna. On the RX side, the received power 

signal is captured by pyramidal horn antenna and measured 

using Anritsu MS2720T handheld spectrum analyzer. The 

gain for vertically-polarized configuration antennas are 12 

dBi, 12 dBi, 14 dB, 13 dBi, 19.2 dBi and 21.2 dBi for 6.5 

GHz, 10.2 GHz, 15 GHz, 20 GHz, 28 GHz and 38 GHz 

respectively. 

 

3. ENVIRONMENT DESCRIPTION AND 

EXPERIMENTAL PROCEDURE 

Measurements campaign were conducted in Malaysia-Japan 

International Institute of Technology (MJIIT) building,  in 

UTM-Kuala Lumpur, which is a 10-story building 

constructed early 1990’s. The building is typical office 

environment, consist of classroom, hallway, cubicle 

partition, elevator etc. building interior is composed of 

reinforced concrete, metal, clear glass and tinted glasses. 

 

For this work, the TX and RX are positioned to each other 

boresight, at 1.5 m height above the floor, perpendicular to 

the material under test (MUT). The distance from TX to 

MUT and MUT to RX  are set to  2.5 m between TX to 

MUT and MUT to RX. For unobstructed case, the distance 

between antennas is set to 5 m as given in Figure 1. Four 

common interior MUTs were studied in this work, a) 

concrete wall of 23 cm thick, b) clear glass of 1.5 cm thick, 

c) tinted glass of 1.75 cm thick, and d) drywall of 2 cm  as 

depicted in  Figure 2 . Since the transmitted power was a 

single tone, the material penetration loss (PLm) is easier to 

be evaluated of aforementioned material can be calculated 

as follows: 

 

Lm (dB)  = Prm (dBm)  – Prsf (dBm)         (1) 

 

Where PLm is material penetration loss (in dB),  Prm is 

received power with MUT, and Prsf is received power in the 

unobstructed path (free-space) , both in dBm unit. 

 

 
(a) 

 

 
(b) 

 

Fig -1: Overview of penetration loss measurement with (a) 

obstacle and (b) in free-space. 

 

Table 1: Material under test thickness 

Material Thickness [cm] 

Concrete 23.2 

Clear glass 1.5 

Tinted glass 1.6 

Drywall 2 

 

 
(a) Concrete wall 
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(b) Clear glass 

 

 
(c) Tinted glass 

 

Fig.-2The sample of material under test (MUT) on (a) 

concrete, (b) clear glass and (c) tinted glass. 

 

4. MATERIAL PENETRATION LOSS MODELS 

To evaluate the penetration loss of interior material over 

diversities of frequency, material path loss model is given as 

follows  [3][9] : 

 

𝑃𝐿  𝑑𝐵 = 𝑎 + 𝑛 ∗ 𝑓 𝐺𝐻𝑧 + 𝑋𝜎   (2) 

 

Where 𝑎 is intercept and 𝑛 is gradient , and 𝑓 (𝐺𝐻𝑧) is the 

frequency in GHz, 𝑋𝜎  is zero-mean Gaussian variable with 

standard deviation 𝜎  in dB. 

 

5. NUMERICAL RESULTS AND DISCUSSION 

The numerical result for penetration loss for building 

interior material as given in Figure 3- Figure 6 as follows: 

 

 
Fig-3Penetration loss of  concrete wall 

 

 
Fig- 4 Penetration loss of clear glass door 

 

 
Fig -5 Penetration loss of tinted glass wall 
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Fig-6 Penetration loss of drywall 

 

At the glance, it can be seen that the penetration losses are 

relatively increasing as the frequency increase , from 6.5 

GHz, 10.2 GHz , 28 GHz and 38 GHz. Otherwise, the 

significant penetration losses degraded at  15 GHz and 20 

GHz for all measured materials respectively. 

 

The range of penetration loss at 15 GHz and 20 GHz are 7.7 

dB to 7.8 dB for concrete, 1.61 dB to 1.67 dB for clear 

glass, 1.9 dB to 1.84 dB for tinted glass and 5.06 dB for 

drywall respectively. 

 

For 6.5 GHz and 10.2 GHz, the moderate penetration is 

perceived 10.25 dB to 14.53 dB for concrete, 1.8 dB to 2.16 

dB for clear glass, 2.2 dB to 2.48 dB for tinted glass and 6.2 

dB for drywall respectively. 

 

On the other hand, 28 GHz and 38 GHz indicate the highest 

penetration loss of 25.6 dB to 27.96 dB for concrete, 2.87 

dB to 3.1 dB for clear glass, 4.19 dB to 5.29 dB for tinted 

glass and 7.32 dB to 8.5 dB for drywall respectively. 

 

The smaller wavelength of a frequency (especially at 28 

GHz and 38 GHz) would weaken the reflectivity and 

diffraction through the wall, or object. Thus, critically high 

losses observed, particularly at high thickness materials. 

While the lower frequency bands (i.e:  6.5 GHz and 10.2 

GHz) are estimated to provide better penetration through the 

materials. 28 GHz and 38 GHz are believed to be great 

potential frequency bands for indoor small cell or secure 

hotspot network. 

 

In  the case of 15 GHz and 20 GHz, due to excessive radio 

frequency (RF) penetration, these bands are reliable  to 

accommodate for outdoor-to-indoor (O2I) propagation link, 

where the major reflectivity and diffraction are required to 

support indoor network . As this work is measured in Kuala 

Lumpur building only, the requirement might be different 

for other countries. 

 

Comparing between four materials measured in this work, 

the high thickness of material cause to high penetration 

losses.  As seen in Table 2, the penetration loss exponent is 

highest on the concrete of 1.47, follow by 1.4, 0.3 and 0.08 

for drywall, tinted glass, and clear glass respectively. 

 

However, as  the existing study reported in [6] indicate the 

penetration loss recorded for concrete wall  widely varies 

(175 dB at 40 GHz) to the recorded in this work (see Figure 

6). We believed that building in temperate regions countries 

is differently constructed from Southeast Asia countries,  

particularly due to thickness,  and concrete materials [10]–

[13] . 

 

The similar case observed for tinted glass, which is 

apparently higher (24.5 dB) at 28 GH in [5], compared to 

1.9 dB to 5.29 dB in this work. High penetration losses at 

temperate region countries are due high metal-coated tinted 

glass, for the purpose of energy-efficiency building, whereas 

the criterion is a disregard for the measured clear glass in 

this work.  The tinted glass in Southeast Asia countries is 

typically made by the thin tinted film. 

 

On the hand, the similar characterization is seen on clear 

glass materials. While slightly lower penetration loss for 

drywall of existing study, due to the lower thickness 

compared to material measured in this work. 

 

Table -2: Penetration fit result 

Material α (dB) n Xσ (dB) 

Concrete 11.11 1.47 9.01 

Clear glass 1.76 0.08 0.64 

Tinted glass 2.07 0.3 1.42 

Drywall 5.93 0.14 1.32 

 

 
Fig- 7: Comparison to other work at similar frequency 

bands. Source [6][5]. 

 

6. CONCLUSION 

The typical building interior materials are studied in this 

work. The penetration losses of concrete, clear glass, tinted 

glass, and drywall are measured, and model at 6.5 GHz to 

38 GHz frequency bands, for a 5G communication system. 
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In this work, the similar material at similar frequency ranges 

are compared to existing study, indicated the concrete and 

tinted glass commonly used in Southeast Asia countries are 

utmost reliable to penetrate RF at higher frequency bands , 

compared to temperate region countries. Moreover, it found 

the uniquely characterized of 15 GHz and 20 GHz for 

indoor penetration , discovered new potential frequency 

bands for Malaysia 5G communication spectrum allocation. 
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