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How 5G mmWave Systems Weather the Environment

Introduction:
The fifth generation of cellular technology has arrived. 
The words ‘5G’ have become common in news 
headlines, commercials, and have more recently 
begun to appear as an icon on our smartphones. The 
infrastructure that supports this revolutionary platform is 
still in its infancy and all aspects of the supply chain are 
working to overcome the challenges that 5G creates.

Put simply, 5G differs from 4G by the frequency at 
which it operates and the number of user equipment’s 
(UE) it intends to handle. It’s being built to answer the 
growing communication demands that new use cases 

such as enhanced mobile broadband, autonomous 
vehicles and Smart Cities require. The number of 
connected devices has grown exponentially since 
the Internet of Things was born in 2008/09, and that 
growth is predicted to continue with 3X more devices 
expected to hit the network by 2029.

At its core, 5G intends to do four things:
• Provide 1,000x higher data volumes
• Service 10-100x more connected devices
• Handle 10-100x higher user-data rates
• And do so at 5x lower latency

How it Works:
To operate at mmWave frequencies, antenna 
manufacturers have made large improvements to their 
products. In 4G systems, manufacturers often used 
separate antenna and RF modules. However, for 5G 
systems these are typically integrated into one Massive 
MIMO (multiple-input, multiple-output) antenna. 

Massive MIMO antennae are at the heart of the 5G 
network. They operate by sending multiple signals 
from the transmitter to the receiving UE to increase 
robustness and increase the data rate. The key 
difference between 4G MIMO systems and 5G Massive 
MIMO systems is the amount of elements being used. 
The physical size of the arrays is comparable despite 

the name, however, as the individual antenna element 
size has decreased, the magnitude in which the 
above benefits are realized grows dramatically. For 
reference, a 4G MIMO antenna typically uses fewer 
than 10 elements to transmit a signal, whereas its 5G 
counterpart will utilize over 100. 

To ensure these high performing systems operate as 
planned, they must be protected from the elements. 
The complex phased arrays must survive the same 
temperatures, winds and snowfalls as the residents do 
that will eventually use them. This protective housing 
is typically called a radome, a shroud or an enclosure.

Table 1 Key characteristics of the different generations of wireless technology

Frequency GHz Download Speed Mbps Signal Latency ms Distance miles

3G 0.8 – 2.1 8 100 20-30

4G 0.6 – 2.5 50 20-30 10-20

5G low-band 0.6 – 2.6 50 20-30 ~10

5G Sub-6 2.3 – 6.0 200 4-5 ~5

5G mmWave 24 – 40 1,000 1 < 1

Over the next 5 years, the 5G network will continue to grow to meet the unprecedented 
demand that enhanced mobile broadband and IoT initiatives require. As it does, the 
infrastructure under consideration must be suitable for the environmental conditions it is 
likely to experience.
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The Infrastructure Required:
The infrastructure required for a 5G network will be 
gradually implemented and will evolve from what is 
currently in place. How this correlates to service speed 
and capacity will in turn be driven by the frequency 
being implemented.  

5G is being deployed across three frequency bands. 
5G low-band typically operates between 0.6GHz 
– 2.6GHz, operates in parallel with the existing 4G 
infrastructure, and is well-suited for providing coverage 
to a wide geographic area. 

5G mid-band, commonly referred to as sub6, operates 
as the name suggests, below 6GHz. Currently 3.5GHz 
is the most common and is well suited for MIMO 
arrays to offer improved capacity due to their higher 
throughput. 

Lastly, high-band 5G (or mmWave) can be found 
considerably further up the frequency spectrum and 
operates between 24 and 40GHz. At this frequency, a 
signal has the highest possible bandwidth and so can 
deliver the most data possible at any given time. The 
higher frequency results in lower wavelengths, and so 
although capacity is increased, the coverage of that 
capacity is significantly reduced. 

These three prongs of 5G will be implemented in 
two distinctly different ways. As shown below, bands 
transmitting at frequencies below 6GHz can largely 
utilize existing infrastructure on what’s known as 
macrocell sites. These are the traditional cell towers 
standing approximately 100ft tall and perfect for 
transmitting over large distances. With over 200,000 
macrocells already in operation today, the infrastructure 
required to implement low- and mid-band 5G largely 
already exists.

If we think of macrocells as the tree trunks of the 
infrastructure system, then small cells are the branches 
that can reach into our communities inconspicuously 
to provide mmWave speeds. Small cell sites have 
extremely small footprint requirements and can 
typically be integrated into existing street architecture 
to minimize the aesthetic impact to our cities. Typically, 
this has been through lamp posts and street signs, 
preferred for their regularity in urban areas and their 
height above street level. 

In order for mmWave speeds to be realized, the 
antenna equipment and protective enclosures must be 
able to withstand the same elements that are common 
across cities Worldwide. 

Small cell sites
to provide mmWave coverage

User equipment (UE)
built to harness 5G connectivity

Macrocell sites
to provide low- and mid-band coverage

Figure 1 The typical infrastructure required for complete 5G coverage
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Typical Weather Patterns:
As we can all attest to, the weather in our hometown 
varies greatly to that of our neighbors. In-fact, if we 
look only at major cities, this has rarely been more true 
than in the United States due to its large geographic 
size. So, where is this infrastructure going?

For the large part, it will be seamlessly integrated as 
a part of everyday life and so it makes sense that it 
should be built to survive the same weather that we 
do. 

As 5G starts to be deployed nationwide in the United 
States, the climates it will experience will vary 
dramatically. The following shows a snapshot of the 
2020 weather conditions seen by several major U.S. 
cities that are considering mmWave deployment.

If we summarize the variety of weather patterns across 
most urban cities, then the small cell infrastructure 
must remain operable during 4 distinct weather events 
to provide reliable 5G coverage: 

1.  Low temperatures (specifically those below 
freezing)

2.  High temperatures (specifically sustained that 
increase the internal temp of the equipment)

3.  Rain and snow events (specifically accumulation 
that may block the signal)

4.  Impact from hail storms and other projectiles 
(typically seen during other extreme events)

New York 82 days 15 days 121 days 12 days 43 days

Chicago 128 days 17 days 126 days 19 days 23 days

Denver 155 days 36 days 87 days 29 days 33 days

Orlando 2 days 98 days 117 days 52 days 16 days

Las Vegas 26 days 135 days 26 days 9 days 25 days

Temperatures  
below 32°F

Temperatures  
above 90°F

More Than 
 0.01” Rainfall

Thunder-
storms

Winds Greater
than 25mph

Saint Paul 153 days 15 days 115 days 22 days 19 days

New York 82 days 15 days 121 days 12 days 43 days

Chicago 128 days 17 days 126 days 19 days 23 days

Denver 155 days 36 days 87 days 29 days 33 days

Orlando 2 days 98 days 117 days 52 days 16 days

Las Vegas 26 days 135 days 26 days 9 days 25 days

Temperatures  
below 32°F

Temperatures  
above 90°F

More Than 
 0.01” Rainfall

Thunder-
storms

Winds Greater
than 25mph

Saint Paul 153 days 15 days 115 days 22 days 19 days

Figure 2 Mean climate data of 6 major U.S. cities considering mmWave deployment

Mean climate data from NOAA (National Oceanic and Atmosphere Administration)
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Means to Test:
There are many methods that are widely accepted 
across industries to qualify whether or not a system 
is suitable for an outdoor application. These methods 
rigorously test components or entire systems to a 
combination of environmental forces via controlled 
exposure for sustained periods of time. After exposure, 
parts are examined and destructively tested to ensure 

both aesthetics and strength remains acceptable. 
Designing for real-world conditions is required to not 
only ensure network service is reliably maintained, 
but to ensure that any hardware being installed into 
our communities is safe, secure, and built to last. 
The following shows some of the major testing and 
regulatory bodies that specify outdoor suitability.

Sheergard® Radome Options:
The primary radome technologies used in 5G 
small cell sites are either solid laminates, sandwich 
constructions, or tensioned fabric systems. When 
performance matters, fabric solutions are typically 
selected due to their best-in class RF performance 
and their proven history of withstanding some of the 
harshest environmental conditions.
 
Saint-Gobain has installed SHEERGARD® radomes 
all around the world and has experience with a wide 
variety of site conditions. From frozen Arctic tundra 

to tropical hurricane zones, or urban coastal regions 
to remote mountain tops; the ability for a radome to 
withstand its environment is key for a successful 
design. Fortunately for designers, mmWave service 
is unlikely to be coming soon to some of these far-
off locations, but aspects of the same conditions exist 
in most urban centers. The effects of salt will impact 
any city abutting a coastline, the effects of freezing 
temperatures will impact any city whose citizens own 
snow shovels, and the effects of hail will impact cities 
prone to severe storms. It’s therefore important to 

Figure 3 Testing and regulatory bodies that specify outdoor suitability

The U.S. Department of Defense provides MIL-STD-810 covering a wide variety of environmental conditions

The NFPA provides guidance on flammability for time to flame-out and smoke development index

The ASTM provides procedures and test methods for simulating exposures including flammability

The IEC provides environmental exposures specifications including IP65 waterproofing criteria

The ANSI oversees the voluntary consensus of standards for many conditions including hail impact

1 2 3 4
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account for these factors when designing infrastructure 
to ensure what’s installed is adequate and sustainable 
for the community it serves.
 
As radomes are common in government facilities, 
the typical SHEERGARD® radome is designed to a 
Department of Defense specification, MIL-STD-810. 
These comprehensive specifications were created 
to emphasize tailoring an equipment’s design to the 
environmental conditions it will experience throughout 
its life, and provide guidance on how to simulate that 
exposure via accelerated chambers and other testing 
techniques. Although these recommendations were 
originally provided for military applications, their usage 
has become common practice in commercial products 
and are the primary recommendation by Saint-Gobain 
for radome applications.
 
Environmental Exposure (MIL.STD.810)
The latest revision of MIL.STD.810 is approximately 
800 pages long and covers every imaginable condition 
that hardware may experience in transit, installation, 
operation and decommission. Obviously, not all are 
relevant to the small cell infrastructure required for 
mmWave applications. The most pertinent tests cover 

temperature, humidity, solar radiation, fungus, sand 
and dust impact, and salt exposure.

Flammability (NFPA and ASTM)
The two leading specifications for qualifying 
flammability are NFPA 701 and ASTM E84. NFPA 701 
qualifies the flame prorogation of textiles and films and 
measures time to burn out and smoke development. 
E84 characterizes surface burn characteristics and 
calculates both a smoke development and flame 
spread index.

Hail Impact (ANSI)
Hail qualification is a physical test which fires a 
carefully formed ice sphere at the sample. Sphere 
size, ice density, velocity and impact frequency are all 
methodically controlled, with ANSI/FM 4473 specifying 
a 1.25” (32mm) diameter sphere fired at 65mph.

Hydrophobicity (ASTM)
A hydrophobic surface is required to ensure water, 
snow or ice cannot accumulate and cause signal 
degradation. It is defined as creating a greater than 
90° contact angle with a single drop of water on the 
exterior surface.

Table 2 Summary of key tests and specifications from major regulatory bodies governing outdoor suitability

Specification Testing for Details

MIL.STD 810 High/low temp 3 hours at 160°F (71°C) / -60°F (-51°C)

Humidity Cycles 86°F (30°C) with relative humidity of 95%

Salt Fog 5% salt concentration exposure in 95°F (35°C) for 48 hours

Sand and Dust Sand / dust blown at ~30mph for 6hrs 

Fungus Inoculated with a variety of fungi for 28 days

Solar Radiation Peak condition of 1,120 W/m2 at 120°F (49°C)

Ice & Freezing Rain 6mm-75mm (1/4 - 3”) of ice on material followed by deicing

ANSI/FM 4473 Hail Impact 1.25” (32mm) diameter ice ball fired at 65mph

NFPA 701 Flammability Burn chamber to monitor for flame-out and smoke

ASTM E84 Flammability 7 sec flame to quantify spread and smoke development

ASTM C813 Hydrophobicity Ensures static contact angle with water droplet > 90°
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The importance of lasting hydrophobicity 
All SHEERGARD® radomes utilize fluoropolymers to 
provide a hydrophobic exterior surface. The primary 
reason for this is the critical importance that water has 
within electronic systems. All radomes are designed 
with materials that promote signal transmission and 
limit interference. This is why radomes typically avoid 
metallic elements during construction. However, 
water, in the form of rain, snow or ice can be equally 
problematic due to its poor electrical properties – 
namely its high dielectric constant (Dk) and dissipation 

factor (Df). It’s therefore paramount that a radome 
does not accumulate water and that any rain that 
does land on the surface quickly beads versus sheets 
to prevent enormous signal attenuation. There are 
few things better than fluoropolymers in creating 
permanent hydrophobicity and with over 1,000 
active SHEERGARD® or SHEERFILL® installations 
around the world utilizing this technology, it is easy 
to demonstrate its effectiveness and longevity over 
alternate spray or paint-on solutions. 

Extreme Heat
Shanghai, China

Extreme Cold
Cold Lake, Canada

Endurance
Brittany, France

Cold Lake, Alberta 29ft dia. Radome
This 29ft fabric radome was installed in Cold 
Lake, Alberta in 1991 and protects the 
precision approach radar system for incoming 
aircraft. Located in Northern Alberta, the 
radome will see annual temperatures of -30°F 
(-34°C) with a record low of -55°F (-48°C) 
since its installment over 30 years ago.

Pleumeur-Bodou 210ft dia. Radome 
At the site of the first transatlantic satellite 
broadcast between Europe and the United 
States, this 210ft SHEERGARD® radome has 
been operational since 1962 and is still in place 
today to house a museum dedicated to this 
special moment in communication history.

Tensioned fabric at Shanghai’s F1 Track 
SHEERGARD®’s sister business SHEERFILL® 
uses the same fabric technology to provide 
some of the World’s most iconic structures. 
Here, the fabric system has provided shade to 
F1 fans since 1991 in an environment that 
simultaneously experiences 100% humidity 
and 100°F (37°C) during the Summer months. 

Figure 4 Map of significant and currently active SHEERGARD® and SHEERFILL® installations around the World.
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Saint-Gobain has been making radomes for 70 years 
under their SHEERGARD® brand. They design, 
fabricate and customize all styles of radome solutions 
for multiple markets including Aerospace, Radar, 
Weather, Satellite Communication and 5G macro and 
small cell applications. They are proud to be a part 
of such iconic sites such as the CN Tower in Toronto, 
CAN where a SHEERGARD® toroid radome has been 
installed at the base of the observation deck since 
1972.

The Saint-Gobain solution for any small cell 
infrastructure need specializes by offering a 
permanently hydrophobic radome fabricated via 
one of three methods: solid laminates, sandwich 
constructions, or tensioned fabric systems. Saint-
Gobain has celebrated over 350 years of operational 
excellence and currently has manufacturing facilities 
in over 70 countries, five of which are equipped 
for radome production. With a dedicated team of 
mechanical and electrical engineers, they look forward 
to co-developing any radome solution for tomorrow’s 
communication needs. 

Support Services & Co-Development

Connect for More Information

Alar Ruutopold
WW Business Development Manager,  
SAINT-GOBAIN 
alar.ruutopold@saint-gobain.com 
 
Tel: +1 (603) 420 - 1282

Alex Blenkinsop
Business Development Manager,  
SAINT-GOBAIN
alex.blenkinsop@saint-gobain.com 
 
Tel: +1 (603) 420 - 1381

This article was supplied and written by Alex Blenkinsop, 
Business Development Manager, SAINT-GOBAIN
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Figure 5 Specially designed toroid radome installed 
below the viewing deck at the CN Tower, Toronto.
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