
 

 

5G 
THE  NEXT GEN  LTE 

 

 

 

 

 

By Dan Seguin,  sr.  Specialist, Connectivity,  

 www.dan-consultant.com. 

Nov.  2023: 

V12112023 

 

 

 

 

 

 

 

 
 

 

http://www.dan-consultant.com


 

 

 
1. INTRODUCTION : .................................................................................................................................. 4 

2. What is  5G ? ........................................................................................................................................ 5 

3. How fast is 5G? .................................................................................................................................... 6 

• 5G The basics: .............................................................................................................................. 6 

4. What is the bandwidth of 5G?............................................................................................................. 8 

5. What is the Coverage ........................................................................................................................... 8 

6. What is Internet of Things: IoT ............................................................................................................ 9 

7. Any Satellite interference ? ............................................................................................................... 10 

8. 5G,  when ? ......................................................................................................................................... 11 

9. Some  definitions: .............................................................................................................................. 11 

• What is LPWAN: .......................................................................................................................... 11 

• What is  LTE-M: ........................................................................................................................... 11 

• What  is NB-IoT: .......................................................................................................................... 11 

10. THE SPECTRUM .............................................................................................................................. 12 

• Lower 5G Frequency Bands ............................................................................................... 12 

11. The  difference  4G vs 5G: .............................................................................................................. 14 

12. MORE SPEED  BUT  FOR  WHAT ? .................................................................................................. 15 

13. 5G Works  differently:.................................................................................................................... 16 

14. The 5 technologies of  5G: ............................................................................................................. 17 

14.1. Millimeter Wave (MMW) .................................................................................................. 17 

14.2. Small Cell ............................................................................................................................ 17 

14.3. Massive MIMO (multiple-input, multiple-output) ........................................................... 18 

14.4. Beamforming...................................................................................................................... 18 

14.5. Full Duplex .......................................................................................................................... 19 

15. Is LTE Obsolete ?: ........................................................................................................................... 20 

16. Satellite Internet of Things: ........................................................................................................... 21 

16.1. Benefits : ............................................................................................................................ 23 

16.2. Some  applications: ............................................................................................................ 23 

16.3. The future is cellular IoT + satellite IoT ............................................................................. 24 

17. ENVIRONMENTAL AND HEALTH  EFFECT: ..................................................................................... 26 

17.1 AGENCIES RF  EXPOSURE  GUIDELINES: ................................................................................ 30 

17.2 Cellular Telephone Specific Absorption Rate (SAR) .............................................................. 30 

17.3 FCC- RF exposure limits; ........................................................................................................ 31 



18. Adverse Health Impacts:  by dr. Paul Heroux Phd: ........................................................................ 32 

18.1 Radiation penetration Depth: ............................................................................................... 34 

19. IEEE GUIDELINE: ............................................................................................................................. 35 

19.2. Technical background ........................................................................................................ 36 

19.3. Sources of RF exposure from cellular telephone networks: ............................................ 36 

19.4. Influence of small cells on population exposure to RF signals: ........................................ 37 

19.5. RF exposure limits .............................................................................................................. 37 

19.6. Exposure from base stations ............................................................................................. 37 

19.7. Effect  on  the body: ........................................................................................................... 38 

19.8. Health: Lack of  studies ...................................................................................................... 38 

20. WHO  STATEMENT: ........................................................................................................................ 39 

21. AGENCIES  PUBLISHED EXPOSURE LIMITS: ................................................................................... 40 

22. HOW  TO LIMIT  YOUR EXPOSURE:................................................................................................ 42 

23. AIRCRAFT RADIO ALTIMETER: ....................................................................................................... 44 

5G Networks (C-band)  Could Pose a ‘Major Risk’ to  Airplane  Rad-Alt. .................................. 44 

24. HOW  TO MEASURE EMF: .............................................................................................................. 46 

25. LOCATING CELL TOWERS: .............................................................................................................. 47 

26. CONCLUSION: ................................................................................................................................. 49 

27. DISCLAIMER: ................................................................................................................................... 51 

28. RESOURCES: ................................................................................................................................... 52 

29. EMF CONVERSION CHART: ............................................................................................................ 54 

30. THE 5G  SPECTRUM ........................................................................................................................ 57 

31. THE 4G  SPECTRUM ........................................................................................................................ 62 

32. THE GENERAL RF SPECTRUM:  © CopyRight Pierre Dubochet ..................................................... 65 

 

 

 

  



5G ,  THE  NEXT GEN  LTE !    
 

By Dan Seguin,  sr.  Specialist, Connectivity,  www.dan-consultant.com. 

Feb 2023: 

 

1. INTRODUCTION : 
 

I have been involved in the aviation industry for 30 years and the last 10 years I became a 
specialist on Business Aircraft Cabin Connectivity.  The first item on VIP’s, and operators list is 
solid cabin internet, to stay connected in all phases of flight. And yes they want back-up. That 
involves multiple internet sources:  with GEO Satellites; Ka Band system, Ku Band, Air-to-
Ground (ATG), Iridium Certus, and on LEO Satellites;  Starlink and  OneWeb.   All this 
represents installing Smart routers, access points, transceivers, Passive antennas, motorized 
dish Antenna, and other fuselage fixed antennas. 

Business Aircraft like commercial are using advance smart routers and WiFi access points 
(WAP) to connect passengers.  Those passengers browses on internet, TXT and make phone 
calls using WiFi calling mode or  a  SIP App.  on their smart phones.  Same  as  your  home the  
WiFi radios are  tuned at 2 popular WiFi bands: 2.4Ghz and  5.8Ghz. Aircraft cabin  are  
certified to handle this  to make sure these bands have  no EMI effect on Aircraft  navigation, 
systems , auto-pilot, FMS,  and other primary flight systems. 

 

An Aircraft cabin is a metal tube where we radiate 2.4 & 5.8Ghz for connectivity. This started my 
large list of questions. Would this contribute to air fatigue like it does with cabin pressure ? 

But the real question that initiated this article:  

Do  we have to many of those antennas radiating  around us ?   

Starlink are  planning 2300 satellites  end of  year 2023 above  us  at 550km altitude 
connecting us  on the  ground on the Ku band(18—21Ghz) and OneWeb planning 720 birds at 
1200km altitude on  the 10.7 Ghz to 18Ghz bands .  

And now 5G  is  deployed  in cities with thousands of smart cells  radiating on multiple bands 
from  900Mhz, up to  6Ghz  and soon  above  21Ghz.  

I don’t have a crystal ball, but let me provide the basics, 

 

 

Let’s dive-in : 

 

  

http://www.dan-consultant.com


 

 

2.   What is  5G ? 
 

5G is the fifth generation of cellular network . It delivers higher speeds, wider bandwidth, 
lower latency, and more advanced capabilities than previous 3G-4G –LTE  Networks. 

5G is a  smart system and is using many  Frequency bands and a technology called beam 
forming to zoom-in  and  focus on  locations and devices and  advanced algorithm to  
establish directional high speed connectivity. 

 

5G networks are improving high-speed Internet connectivity around the globe and  the 
beginning of a revolution in the Internet of Things (IoT). There are already billions of IoT 
devices, but the wider bandwidth and more efficient spectrum usage of 5G networks will 
allow far more devices to operate in proximity without interfering with one another. 

It will be years before 5G reaches its full potential, and 4G LTE networks will still be used for 
a long time. See  below  difference between 4G and 5G). But for us  the  user’s, it’s helpful 
to understand what makes this technology different and how we can expect it to change the 
cellular connectivity going forward.   

 

But that opens many questions:  and I wonder if  I opened a can of  worms ! 

 

• Do we really  need  5G ? 
• What are  the benefits ? and what are the  drawbacks ? 
• Where this  will be  implemented ? 
• Are we  forced to use it ? 
• Any health concerns with so many cells radiating so many high Freq. Bands 
• What are those conspiracy theories ? 
• Will this  improve our way of using internet, or its  a Big tech. marketing scam ? 
• Almost all articles points to better performance but none presents any risks !   

Anything  they don’t tells us ? 

• The IEE, FCC and  WHO  exposure levels, are they  accurate ? 
• People are  diagnosed with hyper-electrosensitivity (EHS), is this real ? 
• On the  ground we  have 5G  and in  the sky we now have StarLInk, do we need all this ? 

 

  



 

3. How fast is 5G? 
 

Lets look  first at the  Cellular Evolution: 

• 1G: The original generation, just allowed for analog voice between callers 
• 2G: the second generation, allowed data to be sent in text messages. 
• 3G: Allowed for high-speed internet through faster data transfer 
• 4G: Allowing for significantly faster data transfer.  

 

 

The speeds that 4G support are also not keeping up with technologies demands. With Artificial 
Intelligence controlling more and more things, Internet of Things (IoT)and autonomous vehicles, 
our current network isn’t cutting it. These types of devices not only require faster speeds and 
more bandwidth, but also lower latency. 

 

• 5G The basics: 
 

5G networks are designed to achieve a peak download speed of 20 Gbps and peak upload 
speed of 10 Gbps. The average rates are more like 100 Mbps for downloads and 50 Mbps for 
uploads.  

For comparison, the maximum theoretical data speeds for 4G LTE is 150 Mbps for downloads 
and 50 Mbps for uploads, with an average download speed of 20 Mbps and an average upload 
speed of  about 10 Mbps. 

In other words, 5G’s average data speed is five times faster than 4G, in theory, it could reach 
speeds more than 100 times faster. 

But 5G doesn’t just boast faster downlink and uplink speeds. It has  lower latency . Latency is 
the time it takes to relay requests and responses from one device to another through a network. 
In a 5G network, the average latency is 4 milliseconds, and it can be as low as one millisecond. 
With a 4G connection, latency is closer to 50 milliseconds—making 5G’s latency more than 10 
times lower than 4G. 

Users can download full-length movies in high definition in seconds. And advanced IoT (Internet 
of Things) applications like no pilot self-driving cars, smart farming equipment, industrial 
automation, and remote healthcare will rely on 5Gs low latency and greater bandwidth. 

In the past, faster speeds have come hand-in-hand with greater power consumption, but 5G 
systems incorporate power saving features of 4G to offer higher data throughput but  lower 
power usage. 



 

 

  



 

4. What is the bandwidth of 5G? 
 

Speed isn’t the only advantage of 5G networks. 5G systems offers much wider bandwidth and 
greater flexibility in regard to how bands get used. This means 5G networks can maintain stable 
connectivity for a much larger number of devices in a concentrated area. And it’s the primary 
way 5G is changing the Internet of Things.(IoT) 

Every network operates within specific frequency bands, and the devices on that network have 
to share that bandwidth. Over the years, advances in wireless technology and new approaches 
to connectivity have allowed providers to do more with the bandwidth they have. But: every 
network still faces the same limitation: too many devices using the same frequency bands within 
the same “cell” of a cellular network creates interference and disrupts connectivity , lower 
speed. 

5G networks can facilitate connectivity on low frequencies below 1 Gigahertz (GHz), mid 
frequencies from 1 GHz to 6 GHz, and high frequencies from 6 GHz up to 100 GHz. Also a 5G 
network can connect devices over both licensed and unlicensed spectrum, giving providers 
greater flexibility with how they use the radio frequency spectrum. 

For comparison, commercial 4G networks can only use bands between 600 MHz and 3 GHz.  

While the substantially higher frequencies allow for greater speeds, but this also creates new 
challenges for engineers that want to take advantage of 5G Network. 

5. What is the Coverage 
 

Higher radio frequencies have shorter wavelengths. And that means they can’t travel as far. 
This means that the “cells” of a 5G cellular network have to be smaller if a Network Operator  
(MNO) wants to provide access to those high-frequency bands. 5G networks require more 
infrastructure, and that infrastructure offers less coverage. 

Additionally, higher frequencies have a harder time penetrating objects like buildings, which 
means they have poor indoor coverage. 5G can use bands in low and mid-range frequencies as 
well, but indoor applications will often not be able to use the higher bands. 

5G connectivity is most useful in big cities where there’s a higher concentration of cellular 
devices (and greater demand for high-speed, low latency Internet). But it will take time for 
MNOs to build up the infrastructure needed to provide widespread 5G coverage. 
 
 

  



 

6. What is Internet of Things: IoT 
 

The Internet of Things (IoT) describes the network of physical objects—“things”—that are 
embedded with sensors, software, and other technologies for the purpose of inter-connecting 
and exchanging data with other devices and systems over the internet. 
 

IoT :security risks ? 

 

5G connectivity is making room for tens of billions of new connected devices and more 
advanced applications for cellular IoT. This massive increase in the volume and capabilities of 
Internet-enabled devices will continue to present IoT security challenges. 

Every connected device creates opportunities for an application to serve as a gateway to an end 
-user’s other connected devices, and botnets will likely grow in direct proportion to this increase, 
making them capable of introducing greater harm on a network through Distributed Denial-of-
Service attacks. As IoT devices continue to collect and use more advanced data, the risk of 
unauthorized access increases also. 

This has always been a challenge with IoT, and it will be greater by the continued growth in this 
sector, but it is also not a challenge that  is unique to 5G . In fact, 5G networks introduce new 
security mechanisms that make this connectivity more secure than other network.  

 

  



7. Any Satellite interference ? 
 

5G’s is accessing higher frequencies and has introduced a problem cellular carriers and 
manufacturers haven’t encountered before: they’re sharing bandwidth with satellites we use for 
weather forecasting. Scientists and  engineer  have warned that using these high-frequency 
bands could significantly interfere with our ability to accurately track, measure, record, and 
predict the weather. 

Wireless carriers and the Federal Communications Commission (FCC) have concluded that 
keeping 5G networks concentrated in urban areas and using beamforming technology will make 
this potential disruption insignificant. 

See  below  S-IoT:  Satellite Internet of Things: 

  



 

8. 5G,  when ? 
 

Major carriers have already deployed 5G networks, and they’ve sold millions of 5G compatible 
devices. But for now, 5G service is typically only available in larger cities. Some carriers already 
have 5G coverage in hundreds or thousands of cities, but on low frequency bands. Low-band 
5G coverage will likely be widely available soon, but high-speed 5G connections will take more 
time to roll out. 

5G is the future of cellular connectivity and  –Things-. But for IoT, widespread 5G is still in 
the works. While 5G includes IoT-specific features, all of the relevant solutions are already 
present in LPWANs like LTE-M and NB-IoT. So unless you have a use case that requires very 
high data throughput and ultra low latency, there are existing cellular networks that might be 
better suited for your needs. 

9. Some  definitions: 
 
 

• What is LPWAN: 
 

A low-power wide-area network (LPWAN or LPWA network) is a type of wireless 
telecommunication wide area network designed to allow long-range communications 

• What is  LTE-M: 
 

Long Term Evolution- Machine type Communication, a  type of  4G Network designed for IoT 

(CAT-M1,  Cat-M2) 

 

• What  is NB-IoT: 
 

NarrowBand-Internet of Things (NB-IoT) is a standards-based low power wide area (LPWA) 
technology developed to enable a wide range of new IoT devices and services. NB-IoT 
significantly improves the power consumption of user devices, system capacity and spectrum 
efficiency, especially in deep coverage 

 

 

 



 

 

10. THE SPECTRUM 
 

• 5th generation wireless systems,  
Abbreviated 5G, are improved networks deploying in 2018 and later and may use existing 4G or 
newly specified 5G Frequency Bands to operate. The primary technologies include: Millimeter 
wave bands (26, 28, 38, and 60 GHz) are 5G and offer performance as high as 20 gigabits per 
second; Massive MIMO (Multiple Input Multiple Output – 64-256 antennas) offers performance 
“up to ten times current 4G networks;” “Low-band 5G” and “Mid-band 5G” use frequencies from 
600 MHz to 6 GHz, especially 3.5-4.2 GHz. 

 

• Lower 5G Frequency Bands 
The bands 600 MHz, 700 MHz, 800 MHz, 900 MHz, 1.5 GHz, 2.1 GHz, 2.3 GHz and 2.6 GHz 
are considered for traditional coverage applications and new specific usages such as Internet of 
Things (IoT), Industry Automation, and Business Critical use cases.  However “refarming” will be 
required for most of these bands, hence the time required to have them allocated to 5G will be 
much longer than the higher bands. 

See  further below the  Spectrum table: 

 

 



 

5G SPECTRUM USAGE: 

 

 

  



 

 

11. The  difference  4G vs 5G: 
 
4G / LTE networks are yet to have full global coverage, 5G technology is already going  forward. 
The first 5G radio masts and  Antenna group  have been installed across multiple countries, 
ready to supply the world with a new high-speed network. But, what is the difference between 
4G vs 5G and can the 5G standard meet its own requirements? To really understand 4G vs 5G 
we must take a look at the core of 5G and make a  valid comparison with 4G.   

 5G technology offers several improvements in terms of data rate, coverage and reliability.  

One of the main reasons for switching to 5G is the increasing number of end devices within the 
Internet of Things  (IoT)  and the resulting increasing hunger for data.  But with  Cellular  
providers  forcing to upgrade  our  devices  are  we  falling  into  a  marketing  saga ?  

According to a study entitled “A Playbook for accelerating 5G in Europe”, existing 4G networks 
worldwide will only be able to cope with the increasing data traffic until 2021.   Really ?  

Especially in the big cities  as the data traffic will probably accumulate . 5G will deliver the 
planed performance and sets new technical standards. For example, more radio antennas, 
wider frequency spectra (combinable ranges), lower latencies and higher transmission rates, 
and beam forming technology.  

5G is significantly faster in direct comparison to its predecessor. You can find out how fast the 
network really is in the above section. But, , speed is only one of the advantages of the 5th 
generation mobile communications revolution. The focus is particularly on the possibility of 
connecting a large number of devices. The potential number of end devices in a 5G network is 
much higher than in a 4G network and high speed communication is possible in real time. Of 
course, 4G already supplies numerous end devices with sufficient performance and reliability. 
However, 4G will never be able to supply the mass of data and devices that 5G can. Well  we  
will see about that !   Expert  say the 4G network is simply not designed as such. OK  but  that  
depends  how  users are  planning to use it.  

The industry also has big plans with 5G. The focus is particularly on the network system of 
“smart” devices and sensors – the “Internet of Things”  (IoT) comes up again here. Many studies 
assume that more than 50 billion devices will be networked worldwide, and the trend is rising. 
From the simplified search for a parking space to the “smart trash can”, there are many 
concepts just coming up. Even more end devices should be networkable per square kilometer. 
All these facts and scenarios make a connection using 5G technology essential.  

The  question is :  do we  need   5G ?  will this  improve our  lives ? 



 

 

12. MORE SPEED  BUT  FOR  WHAT ? 
 

What would a new generation of mobile communications be without an extreme increase in 
performance? The jump from 3G to 4G was already a big  step . Today's LTE networks provide 
500-1000 Mbit (1 GBit), while 3G ends at a 42 Mb.  5G, on the other hand, will deliver a good 1-
3 GB. in the first phase, later it will rise to 10 or 20 GB. That would correspond to an 
improvement by a factor of 10 to 20, .From today's perspective, data rates are crazy. Because 
even an Ultra-HD video stream in the best quality hardly requires more than 30 Mbit per 
second. (with  compression) 

The data rate factor should therefore become somewhat irrelevant for end customers in the 
medium term, as for now there are noticeable advantages between 2 and 5 GB. However, this 
does not mean that this will always be the case. In a few years, 2 GB. will most likely be able to 
be measured with the regular on-line speed test. On average, today’s 4G networks are not as 
fast as they appear to be on paper. Network tests usually show an average speed of around 50-
80 Mbs.  But with  5G, the average data rate should increase further – initially to at least 100-
100 Mbit.   

The next fundamental innovation is the targeted latency rate, which is still in the range of 10-
50 ms for LTE. Fiber optic customers sometimes can have values of 2-
5 ms. 5G, however, should even enable latencies below 2 ms, which is the basic requirement 
for real-time applications such as autonomous vehicles or augmented reality.  

Now  ask  yourself  the  question,  will  this  really improve your on-line activities ? 

  



 

 

13. 5G Works  differently: 
 

The most fundamental innovation is that besides new frequency ranges and a lot  more 
antennas are used. In the comparison of 4G vs. 5G, 4G is mainly used with bands below 3 GHz. 
Whereas with 5G, you go much further up. In addition to ranges up to 6 GHz, completely new 
ones will soon be added. With much higher frequencies and thus shorter wavelengths but lower 
ranges. The aim is for bands between 24 and 100 GHz – this is often referred to as the 
"mmWave" range. Primarily, this means that much more bandwidth is available for the 
data transfer rate. With LTE, mobile operators have so far used a maximum of 100 MHz per 
carrier aggregation. With 5G, this value could multiply to over 1000 MHz.  

The disadvantage: you need a lot more radio stations for good 5G coverage than with LTE.  

5G will do much more than just accelerate videos on smartphones. Experts expect a small 
revolution, especially in the industrial sector. Autonomous vehicles, the Internet of 
Things, Industry 4.0, and Smart Farming are the most frequently mentioned terms. Thanks to 
the multi-layer approach, 5G can be designed for all needs equally, whereas LTE was primarily 
only optimized for performance.  

Another feature will be that 5G masts can transmit much more precisely with  focus capability 
(known as “beamforming”). Instead of broadcasting in all directions, one or more users can be 
targeted, which saves energy and improves the capacity of the radio station.  

  



 

14. The 5 technologies of  5G: 
 

14.1. Millimeter Wave (MMW) 
 

Today’s wireless networks have run into a problem: More people and devices are 
consuming more data than ever before, but it remains crammed on the same bands of the 
spectrum that mobile providers have always used. That means less bandwidth for 
everyone, causing slower service . 

One way to get around that problem is to simply transmit signals on a whole new set of 
the spectrum, one that’s never been used for mobile service before. That’s why providers 
are now broadcasting on millimeter waves, which use higher frequencies than the radio 
waves that have long been used for mobile phones. 

Millimeter waves are broadcast at frequencies between  above 30 Ghz compared to the 
bands below 6 GHz that were used for mobile devices in the past. They are called 
millimeter waves because they vary in wavelength from1 to 10 mm, compared to the radio 
waves that serve today’s smartphones. 

Until now, only operators of satellites and radar systems used millimeter waves for real-
world applications. Now, most cellular providers have begun to use them to send data 
between stationary points, such as two base stations. But using millimeter waves to 
connect mobile users with a nearby base station is an entirely new approach. 

There is one major problem to millimeter waves, though—they can’t easily travel through 
buildings or obstacles and they can be absorbed by foliage and rain. That’s why 5G 
networks will likely augment traditional cellular towers with another new technology, called 
small cells. 

 

14.2. Small Cell 
 

 

Small cells are portable miniature base stations that require minimal power to operate and can 
be placed every 250 meters or so throughout cities. To prevent signals from being dropped, 
carriers could install thousands of these stations in a city to form a dense meshed network 
that acts like a relay team, receiving signals from other base stations and sending data to 
users at any location. 

While traditional cell networks have also come to rely on an increasing number of base 
stations, achieving 5G performance will require an even greater infrastructure. Antennas on 
small cells can be much smaller than traditional antennas if they are transmitting  millimeter 
waves. This size difference makes it even easier to stick cells on light poles and atop 
buildings. 

This radically different network structure should provide more targeted and efficient use of 
spectrum. Having more stations means the frequencies that one station uses to connect with 
devices in one area can be reused by another station in a different area to serve another 



customer. There is a problem, though—the sheer number of small cells required to build a 5G 
network may make it hard to set up in rural areas. 

 

14.3. Massive MIMO (multiple-input, multiple-output) 
 

Today’s 4G base stations have a dozen ports for antennas that handle all cellular traffic: eight 
for transmitters and four for receivers. But 5G base stations can support about a hundred 
ports, which means many more antennas can fit on a single array. That capability means a 
base station could send and receive signals from many more users at once, increasing the 
capacity of mobile networks by a factor of 22 or greater. 

This technology is called massive MIMO. It all starts with MIMO, which stands for multiple-
input multiple-output. MIMO describes wireless systems that use two or more transmitters 
and receivers to send and receive more data at once. Massive MIMO takes this concept to a 
new level by featuring dozens of antennas on a single array. 

MIMO is already found on some 4G base stations. Massive MIMO looks very promising for 
the future of 5G. However, installing so many more antennas to handle cellular traffic also 
causes more interference if those signals cross. That’s why 5G stations must incorporate 
beamforming. 

 

 

14.4. Beamforming 
 

Beamforming is a traffic-signaling system for cellular base stations that identifies the most 
efficient data-delivery route to a particular user, and it reduces interference for nearby users in 
the process. Depending on the situation and the technology, there are several ways for 5G 
networks to implement it. 

Beamforming can help massive MIMO arrays make more efficient use of the spectrum around 
them. The primary challenge for massive MIMO is to reduce interference while transmitting 
more information from many more antennas at once. At massive MIMO base stations, signal-
processing algorithms plot the best transmission route through the air to each user. Then they 
can send individual data packets in many different directions, bouncing them off buildings and 
other objects in a precisely coordinated pattern. By choreographing the packets’ movements 
and arrival time, beamforming allows many users and antennas on a massive MIMO array to 
exchange much more information at once. 

For millimeter waves, beamforming is primarily used to address a different set of problems: 
Cellular signals are easily blocked by objects and tend to weaken over long distances. In this 
case, beamforming can help by focusing a signal in a concentrated beam that points only in 
the direction of a user, rather than broadcasting in many directions at once. This approach can 
strengthen the signal’s chances of arriving intact and reduce interference for everyone else. 

Besides boosting data rates by broadcasting over millimeter waves and beefing up spectrum 
efficiency with massive MIMO, wireless engineers are also trying to achieve the high 
throughput and low latency required for 5G through a technology called full duplex, which 
modifies the way antennas deliver and receive data. 

 



 

 

14.5. Full Duplex 
 

Today's base stations and cellphones rely on transceivers that must take turns if 
transmitting and receiving information over the same frequency, or operate on different 
frequencies if a user wishes to transmit and receive information at the same time. 

With 5G, a transceiver will be able to transmit and receive data at the same time, on the 
same frequency. This technology is known as full duplex, and it could double the capacity 
of wireless networks at their most fundamental physical layer: Picture two people talking at 
the same time but still able to understand one another—which means their conversation 
could take half as long and their next discussion could start sooner. 

To achieve full duplex in personal devices, engineers must design a circuit that can route 
incoming and outgoing signals so they don’t collide while an antenna is transmitting and 
receiving data at the same time. 

This is especially hard because of the tendency of radio waves to travel both forward and 
backward on the same frequency—a principle known as reciprocity. But recently, experts 
have assembled silicon transistors that act like high-speed switches to halt the backward 
roll of these waves, enabling them to transmit and receive signals on the same frequency 
at once.   

One drawback to full duplex is that it also creates more signal interference, through a 
pesky echo. When a transmitter emits a signal, that signal is much closer to the device’s 
antenna and therefore more powerful than any signal it receives. Expecting an antenna to 
both speak and listen at the same time is possible only with special echo-canceling 
technology. 

With these and other 5G technologies, engineers hope to build the wireless network that 
future smartphone users, autonomous cars will rely on every day. Already, researchers 
and companies have set high expectations for 5G by promising ultralow latency and 
record-breaking data speeds for consumers. If they can solve the remaining challenges, 
and figure out how to make all these systems work together, ultrafast 5G service could 
reach consumers soon. 

 

Overview video:  https://www.youtube.com/watch?v=GEx_d0SjvS0 
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15. Is LTE Obsolete ?: 
 

No at all ! In a direct comparison of 4G vs. 5G, the 5G network will by not replace the 4G 
network, but will complement it in  the near future. Similar as with the older 3G radio technology, 
4G will likely phase out  (by 2022) with the introduction of 5G. However, 4G still has a lot of 
potential. Even with 1000 MB. the development is not  at all completed. We assume that LTE 
will be expanded even further in the first 5 years after the introduction of 5G. 4G plays an 
important role, particularly when it comes to supplying regions without fast cable internet . 

One thing is clear - 5G is predestined and  designed  for the Internet of Things (IoT). The 
technology will prove of crucial importance to all realms of our future. It will uncover new 
application scenarios only possible with the larger data volume that 5G offers. The potential is 
there - it’s up to business, society and communities  and us everywhere to realize if this is  a  
valid  potential.   

 

 

 

 

 

 

  



 

16. Satellite Internet of Things: 
 

 
Satellite IoT uses satellite network for  global connectivity and  relies on LEO (Low Earth 
Orbit)  satellies which offers  high bandwidth and low latency.  It  requires a  large number of  
satellites to keep  coverage on  the globe. This  technology can  complement  on  the 
ground Networks like Cellular. 

 

The Internet of Things (IoT) is a world in and of itself with “smart” technology impacting 
nearly all facets of society. When the average person thinks about IoT, examples such as 
connected thermostats, home security systems and intelligent  cars come to mind, but this is 
just the tip of the iceberg. 

 

Modern-day businesses and organizations rely on IoT to enable millions of intelligent data 
communication, helping them track, monitor and manage devices; ensure the safety of their 
workers, and improve remote operations. To many people, it may come as a surprise that 
because of IoT technology, critical elements of our economy, such as the global supply 
chain, can be managed remotely. For instance, trucks carrying perishable goods can be 
monitored in real time, and merchant ships can be piloted from the safety of the shore, and 
it’s all made possible by some form of connectivity. But since cellular coverage only reaches 
approximately 15 percent of the planet, technology developers have had to find ways to 
extend their reach beyond the limits of terrestrial infrastructure. This need led more and 
more companies to look to satellite communications to create coverage continuity, and as a 
result, a new IoT category emerged – satellite IoT. 

 

The number of satellite IoT subscribers will increase at a compound annual growth rate 
(CAGR) of 40.3 percent to reach 21.2 million units in 2026. Only about 10 percent of the 
Earth's surface has access to terrestrial connectivity services which leaves a massive 
opportunity for satellite IoT communications. 

According to some estimates, more than 6,000 satellites orbit the earth right now—around 
3,000 of which are in LEO. Many of these satellites are owned by the same entities, like 
Iridium, StarLINK and OneWeb, enabling corporations and government agencies to network 
them together. While most people are familiar with satellite applications like GPS tracking, 
and Iridium  telephony this technology has only recently been leveraged for other networking 
applications like Internet access. 

 

Some have touted satellite IoT as a better global solution than cellular IoT since businesses 
can use a single provider... but you can already do that with cellular IoT, too. So while this 
can be g a single global solution isn’t an inherent advantage of satellite IoT, there are some 
good reasons to consider it for your application. But before we get into those, let’s talk about 
the types of Non-Terrestrial Networks (NTN) that make satellite IoT possible. 



A satellite constellation is a group of artificial satellites working together as a system. These 
constellations can provide permanent or nearly global coverage depending on how many 
satellites there are and their position in relation to the earth. The bigger and denser the 
constellation, the closer it gets to providing real-time data. 

Generally, there are three main types of satellite networks that can be used for IoT 
connectivity: Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and high altitude 
Geostationary (GEO). They’re characterized by orbital height, where they’re deployed, and 
ground coverage area. Some of these constellations are “stationary” (moving in sync with 
Earth’s equator), while others are  spinning  across the globe. 

The 3rd Generation Partnership Project (3GPP) Release 17 has specified the use of GEO 
and LEO satellites for  Non-Terrestrial Network (NTN) IoT connectivity. 

LEO satellites have a smaller coverage area and circle Earth every 90 to 100  minutes , 
which means they’re available at the same location 16 times in every 24 hour . This may 
only suffice for some IoT applications. For more frequent IoT service availability, providers 
have been creating constellations of numerous LEO satellites that work together with 
various ground stations. 

Due to the lower orbital height, the latency of LEO satellites is about 10 to 20 milliseconds—
more than 20-times lower than that of a GEO satellite. 

 

 



 

16.1. Benefits : 
 

Satellite IoT offers a unique connectivity solution—it’s the only option where the 
infrastructure is in space, orbiting the earth. Depending on the orbit, the satellites may 
change position over time while maintaining the same general coverage on the  surface, or 
stay in the same position relative to the earth. 

The three main reasons to consider satellite IoT are that it works in remote locations where 
there’s no other coverage, it can work as a backup when another solution has gaps in 
coverage, and it can extend the coverage of certain networks. 

It keeps devices connected in locations with no terrestrial infrastructure: 

 

In remote environments, your connectivity options become very limited. While cellular 
networks are available worldwide, some deployments may be too isolated for even cellular 
coverage. In these cases, the alternative has traditionally been to build your own 
infrastructure on site—an expensive process that also requires you to maintain and secure 
the network yourself. 

Satellite IoT is an excellent solution for these unique scenarios.  

 

 

16.2. Some  applications: 
 

• Marine telematics 

 

There’s little network infrastructure available on the ocean. And the further you get from the 
coastline, the less accessible connectivity solutions become. For telematics applications 
where you may, for example, track shipping containers as they cross the oceans, need to 
recover lost or stolen vehicles, or warn vessels of emergency situations, satellite IoT may be 
the most viable choice. Telematics devices are often designed to be low power and don’t 
require a constant network connection, which further makes satellite IoT a good option. 

• Smart agriculture 

 

Agriculture increasingly relies on IoT to automate routine processes and make more data-
informed decisions. But remote  environments can also create challenges for traditional 
connectivity solutions. In environments where cellular coverage is unavailable or spotty, 
satellite IoT could close coverage gaps for tech-enabled farming operations. 

  



 

• Remote oil rigs 

 

Oil rigs need to operate wherever the oil is—and that’s often not where the network 
infrastructure is. Some oil operations need to set up on the ocean, too far from cellular 
towers and other traditional connectivity solutions. With satellite IoT, it doesn’t matter if you 
apply on land or sea—the connectivity is the same, so long as the provider has an 
acceptable number of  satellites. 

• Mining 

 

In remote mining areas there is either no public cellular network coverage, or only 
intermittent coverage available due to geographical conditions. This is exactly where non-
terrestrial network connectivity solution via satellite is needed. When cellular land reception 
drops, or is not available, the IoT device uses the satellite network connection. Heavy 
equipment used in mining locations can stay connected for tracking location, remote 
maintenance, monitoring and emergency alerts.  

 

 
16.3. The future is cellular IoT + satellite IoT 

 

 

Satellites are already proving to be an excellent solution for extending cellular coverage. 
With the right technology, they can essentially function as cellular towers in space, creating 
a global grid of cellular coverage for particular network technologies. 

In the near future, if we  combine satellite IoT with our global cellular IoT coverage, giving us 
the best of both worlds. And it won’t require additional hardware to access our satellite 
connectivity.  

 

 

 



 

 

   



 

17. ENVIRONMENTAL AND HEALTH  EFFECT: 
 

Now  that  you  are a 5G expert lets jump into the serious  stuff: 

The dark  side of the  story: 

We are  bombarded  from wireless  3G, 4G and 5G networks producing radio-frequency 
electromagnetic fields  using many Freq. bands  and  RF levels simultaneously . Yes  they  say 
Electromagnetic fields have been around in different forms since the birth of the universe but  
are in no comparison  to this new  technology in  frequency and radiation levels. They differ from 
each other by frequency and visible light is its most familiar form. The Spectrum can be  divided 
in  2 major sections: the non-ionizing radiation  and the Ionizing radiation.  Most agencies are  
considering the effect of tissue temperature by radiation in the  non-Ionizing type,  and assumes 
no other harm to the  body.  But many experts are showing a different story. A Conspiracy ? 

 

 

 

Today’s  RF exposure originate  from many sources: 

• Home  WiFi  access point, and  public  WiFi acces points,(2.4 & 5Ghz) 
• Microwave oven (leakage) 
• Our own Cellular (900Mhz  , 1.9Ghz, 2.4Ghz,  5Ghz ) 
• GEO Satellite radiation in the Ka Band (21 – 31Ghz) 
• LEO  ( Starlink, and OneWeb  and others  Ku Band, (12—18Ghz) 
• Multiple industry microwave towers (4Gh—10Ghz) 
• Your Hydro smart meter (902 Mhz & 2.4Ghz), 
• Smart appliances and security systems  using  the  2.4Ghz  band 
• Bluetooth Heaphones  (2.4Ghz)  
• 4G-LTE- and now  5G Cellular  towers  emitting many  frequency bands across cities and 

highways. 

  



 

 

For all radio frequencies (0 to 300 GHz),  Agencies produced  international maximum levels  
designed to avoid any adverse health effects. (FCC, Canada Health) are they ? 

But  is  this  sufficient and does it  represent  the  real picture ? specially that MMW in the 5G 
spectrum (above 21Ghz) is new technology and very few  studies  have been  conducted  
showing  the biological  effect on humans and animals and  clear evidence of  what shall be the 
safe  time/radiation levels. Most studies are  considering  only the  tissue  heating  effect and 
ignore  other  effect  including the  possible  damage  at  the cellular level. 

MMWs are weaker than microwaves, they are predominantly absorbed by the skin, meaning 
their distribution is quite focused on the  body surface. Since skin contains capillaries and nerve 
endings, MMW bio-effects may be transmitted through molecular mechanisms by the skin or 
through the nervous system. 

But  we also forget to consider  Hypersensitivity. 

Some  studies  at the National Library of Medicine are  looking  at this  and  are  showing  
evidence that  INVALIDATES  FCC  exposure limit. 

The limits were also based on two major assumptions: any biological effects were due to 
excessive tissue heating and no effects would occur below the putative threshold SAR, as well 
as twelve assumptions that were not specified by either the FCC or ICNIRP. 

  



 

Articles  show how the past 25 years of extensive research on RFR demonstrates that the 
assumptions underlying the FCC's and ICNIRP's exposure limits are invalid and continue to 
present a public health harm. Adverse effects observed at exposures below the assumed 
threshold SAR include non-thermal induction of reactive oxygen species, DNA damage, 
cardiomyopathy, carcinogenicity, sperm damage, and neurological effects, including 
electromagnetic hypersensitivity. 

 

Consequently, these exposure limits, which are based on false suppositions, do not 
adequately protect workers, children, hypersensitive individuals, and the general population 
from short-term or long-term RFR exposures. Thus, urgently needed are health protective 
exposure limits for humans and the environment. These limits must be based on scientific 
evidence rather than on erroneous assumptions, especially given the increasing worldwide 
exposures of people and the environment to RFR, including novel forms of radiation from 5G 
telecommunications for which there are no adequate health effects studies. 

 

The industry, Cell companies,  the market , have  you  noticed that  all  websites, the entire 
purpose is to advocate for the immediate rollout of 5G. The pictures, articles, and information, 
are only focused on the positives.  

 

  



 

Some Health issues articles: 

 

• Scientific evidence invalidates health assumptions underlying the FCC and ICNIRP 
exposure limit determinations for radiofrequency radiation: implications for 5G 

https://pubmed.ncbi.nlm.nih.gov/36253855/ 

 

• Low-level exposure to radiofrequency electromagnetic fields: health effects and research 
needs 

https://pubmed.ncbi.nlm.nih.gov/9453702/ 

 

• The Ramazzini Institute  Study: 

https://www.sciencedirect.com/science/article/abs/pii/S0013935118300367?via%3Dihub 

 

 

• ENVIRONMENTAL HEALTH TRUST: Resource 

https://ehtrust.org/key-issues/cell-phoneswireless/5g-internet-everything/20-quick-facts-
what-you-need-to-know-about-5g-wireless-and-small-cells/ 

 

 

  

https://pubmed.ncbi.nlm.nih.gov/36253855/
https://pubmed.ncbi.nlm.nih.gov/9453702/
https://www.sciencedirect.com/science/article/abs/pii/S0013935118300367?via%3Dihub
https://ehtrust.org/key-issues/cell-phoneswireless/5g-internet-everything/20-quick-facts


 

17.1  AGENCIES RF  EXPOSURE  GUIDELINES: 
 

Radiofrequency (RF) electromagnetic fields (EMF) are a type of non-ionizing radiation with 
several technological applications. For decades, RF has been used for purposes such as 
telecommunication signals and microwave heating.  

 

Health Canada’s guidelines, referred to as Safety Code 6, regulates exposure to RF. Safety 
Code 6, which is based on peer-reviewed scientific literature, is intended to protect all 
members of the public from potential adverse effects to RF exposure. 

 

Two international bodies produce exposure guidelines on electromagnetic fields. Many 
countries currently adhere to the guidelines recommended by: 

The International Commission on Non-Ionizing Radiation Protection and, 

The Institute of Electrical and Electronics Engineers, through the International Committee on 
Electromagnetic Safety 

These guidelines are not technology-specific. They cover radiofrequencies up to 300 GHz, 
including the frequencies under discussion for 5G. 

 

Human Exposure to Radiofrequency Electromagnetic Energy Frequency Range from 3 
kHz to 300 GHz 

https://www.canada.ca/en/health-canada/services/publications/health-risks-safety/limits-human-
exposure-radiofrequency-electromagnetic-energy-range-3-300.html  

 

 

17.2 Cellular Telephone Specific Absorption Rate (SAR) 
 

The SAR is a value that corresponds to the relative amount of RF energy absorbed in the 
head of a user of a wireless handset. The FCC limit for public exposure from cellular 
telephones is an SAR level of 1.6 watts per kilogram (1.6 W/kg).  Specific Absorption Rate 
(SAR) for Wireless Phones and Devices Available at FCC Web Site. 

  

https://www.canada.ca/en/health-canada/services/publications/health-risks-safety/limits-human


 

17.3 FCC- RF exposure limits; 
 

This is a measure of the rate at which the body absorbs RF energy. The FCC limit is 1.6 watts 
per kilogram (W/kg). All wireless devices sold in the United States are certified by the FCC that 
they don't exceed FCC exposure limits. 

 

The FCC is required by the National Environmental Policy Act of 1969, among other things, 
to evaluate the effect of emissions from FCC-regulated transmitters on the quality of the 
human environment.   Several organizations, such as the American National Standards 
Institute (ANSI), the Institute of Electrical and Electronics Engineers, Inc. (IEEE),and the 
National Council on Radiation Protection and Measurements (NCRP) have issued 
recommendations for human exposure to RF electromagnetic fields.   

  



 

18. Adverse Health Impacts:  by dr. Paul Heroux Phd: 
 

 

Professor of Toxicology and Health Effects of Electromagnetism, McGill University Medicine, 
Department of Surgery, McGill University Health Center. 

Dr. Heroux has  experience in Physics (BSc. MSc. Phd) , engineering(15y) and health science 
(30y)  Dr. Heroux performed many  experiences related to  EMF radiation on cells.   

He also  demonstrated many  different opinions about appropriate level of   Electromagnetic 
radiation.  (uMW/m2) 

 

He also  reported  many  effects  from  those  radiations, and observed drastic  effects on 
cancer cells 500 times below  FCC limits. His test where  performed on Cells that never  had 
any exposure to LF magnetic field (that represent well RF communications), no RF radiation  to 
demonstrate  the  effect  with time. One  observed effect is an increase in  nycrosis  (cells that  
dies) 

He presented a  1992 study showing an increase of  cancer by  4 times on 2180 mouses and 
4288 rats when  exposed to radiation at the FCC  radiation limit. Now that standard becomes 
the  question ! There is  also evidence that cancer is  increasing in  the US  population. His  
concerns relates to childrens in  schools  exposed to  constant  WiFI radiation specially that they 
have developing  tissues being  more  vulnerable. Microwaves penetrates much more  
effectively a  child brains  than an adult. 

 

Radiation  effects: 

 

  



 

Location of possible damage to human body: 

 

 

 

 

  



 

18.1 Radiation penetration Depth: 
 

At 10Ghz penetration depth is 5mm, and at 50Ghz is 1mm. Energy is concentrated in  this  
region. Within  the  first mm of  skin , Cells are  dividing and the nervous system extends  in  the 
human skin. Ultraviolet light known  to  cause cancer has a penetration depth less than 0.1mm. 

5G  emission in  a  spherical pattern  requires more  power  since  the  wavelength is much 
smaller, and you get less energy. This is  why beamforming is  used to focus and steered  on 
devices.  Dipole Antennas are  used to achieve this pattern. 

 

 

 

  



 

19. IEEE GUIDELINE: 
 

 

19.1. IEEE ; Technical Information Statement: Health and Safety Issues 
Concerning Exposure of the General Public to Electromagnetic Energy from 5G 
Wireless Communications Networks 

 

This  Technical Information Statement (TIS) addresses health and safety issues concerning 
exposure of the general public to radiofrequency (RF) fields from 5G wireless 
communications networks, the expansion of which started on a large scale in 2018 to 2019.  

5G technology can transmit much greater amounts of data at much higher speeds for a 
vastly expanded array of applications compared with preceding 2-4G systems; this is due, in 
part, to using the greater bandwidth available at much higher frequencies than those used 
by most existing networks. Although the 5G engineering standard may be deployed for 
operating networks currently using frequencies extending from 100s to 1,000s of MHz, it can 
also operate in the 10s of GHz where the wavelengths are 10 mm or less, the so-called 
millimeter wave (MMW) band. Until now, such fields were found in a limited number of 
applications (e.g., airport scanners, automotive collision avoidance systems, perimeter 
surveillance radar), but the rapid expansion of 5G will produce an increase of MMW in the 
environment. 

 

While some 5G signals will originate from small antennas placed on existing base stations, 
most will be deployed with some key differences relative to typical transmissions from 2-4G 
base stations. Because MMW do not penetrate foliage and building materials as well as 
signals at lower frequencies, the networks will require “densification,” the installation of many 
lower power transmitters/antennas (often called “small cells” located mainly on buildings and 
utility poles) to provide for effective indoor coverage. Also, “beamforming” antennas on 
some 5G systems will transmit one or more signals directed to individual users as they move 
around, thus limiting exposures to non-users. 

5G has significantly greater data transfer rates (bandwidth) and much shorter delays 
(latency) at the base station in responding to incoming signals. 5G will also be needed to 
manage the data traffic on present wireless networks, which is increasing by 90% per year. 
As of early 2019, data traffic stood at about 29 exabytes (29 × 1018 bytes) per month. For 
perspective, one exabyte of data could store 100,000 times the information in all printed 
material in the U.S. Library of Congress. 

 

Real-time 5G communications will enable humans and machines to control or operate 
remote equipment and devices to accomplish tasks such as remote surgery, repair of 
equipment in hostile environments, and remote control of aircraft and other vehicles. Other 
advanced applications might include control of medical devices on the surface of the body or 
implanted within it (e.g., insulin pumps or cardiac devices) or augmented reality applications 
on cell phones. 



5G wireless networks, and their predecessors (2-4G), are sometimes called “cellular” 
networks because of the way the network base stations create “cells” of coverage to mobile 
subscribers. As subscribers move through the cells, the network “hands off” the connection 
with the subscriber to the next cell. This enables the same frequency bands to be used 
repeatedly across a large geographic area with minimal interference. As these networks 
continue to mature, they are often referred to as mobile-wireless or simply wireless 
networks, which is the term used here. 

 

19.2. Technical background 
 

5G is not specific to frequency and will operate across the RF spectrum: a “low band” below 
1 GHz for voice and support of many IoT (Internet of Things)4 applications; a “middle band” 
in the 1-6 GHz range—already in use and in many cases nearing capacity—in which the 5G 
protocols will enable faster data transfer compared to 2-4G; and a new “high band” of ~30-
300 GHz in the millimeter wave (MMW) portion of the spectrum corresponding to 
wavelengths from 10 mm to 1 mm that can support extremely high data transfer rates. 
MMWs are not entirely novel to the environment, as they are found in applications such as 
airport scanners, automotive collision avoidance systems, and perimeter surveillance radar 
security systems. The specific band used for 5G will vary by country; for example, in several 
nations in Europe, 5G was principally introduced in the 3.6 GHz band. 

To provide adequate spectrum for 5G, the US Federal Communications Commission (US 
FCC) has already auctioned spectrum at 24 and 28 GHz and continues to auction 
frequencies in the 37 GHz, 39 GHz, and 47 GHz bands, with other countries taking similar 
measures. While the use of MMW allows transmissions across very large bandwidths at 
higher frequencies, they are readily absorbed outdoors by flora (e.g., wet trees and their 
foliage) and by building materials, such that a receiving/transmitting device deployed on the 
building exterior is necessary to receive and transmit the signal to the intended recipient 
within. Although 5G will operate across a wide spectrum (see below  table), discussions 
among the public concerning health and safety issues focus generally on 5G’s MMW 
transmissions. 

 

19.3. Sources of RF exposure from cellular telephone networks: 
 

Exposure to RF fields from a cellular network originates from two possible sources: one is 
the “downlink” signal from the base station, while the other is the “uplink” signal from one’s 
own or a nearby person’s handset. Handsets can transmit at power levels of up to about 1 
watt, but their actual output is set by the network to the lowest level that communicates 
effectively with the base station, in some cases as low as a few milliwatts. 

The power5 transmitted by a base station varies with the area it serves, ranging from several 
hundred watts in a “microcell” base station mounted on a tower or on the top of a building, to 
typically less than 10 W for a “small cell” mounted on a 10-m utility pole, to mW for 
‘microcells, picocells or femtocells’6 commonly mounted in the celling or on the inside wall of 
a building and to serve very limited areas. The signal’s frequency depends on the wireless 
provider and on which of several different services (voice vs. data) the provider supports in a 
particular region. 



19.4. Influence of small cells on population exposure to RF signals: 
 

Adding small cells to a network has mixed results on overall RF exposures. Their addition 
will increase the downlink signal levels intended to improve quality of service. Secondarily, 
these higher signal strengths will cause the network to reduce the power output of handsets 
(the uplink). Since in most cases the stronger exposure to cellphone users is from uplink 
signals from their own devices, the presence of small cells will generally reduce overall RF 
exposure to a user or a bystander. However, many variables determine personal exposure 
to RF fields, and simple generalizations of this sort do not always apply. 

19.5. RF exposure limits 
 

In most countries, RF exposure limits are based generally on either the International 
Commission on Nonionizing Radiation Protection (ICNIRP) guidelines (ICNIRP 1998, 2020) or the 
Institute of Electrical and Electronics Engineers (IEEE) Standard C95.1-2019 (IEEE 2019). In the 
US, RF exposures are regulated by the Federal Communications Commission (FCC). IEEE 
and ICNIRP limits were last updated in 2019 and 2020, respectively. The current version of 
the FCC limit was approved in 1996 (FCC 1997), but in August of 2019, the FCC issued a press 
release stating that it intends to maintain its current RF exposure safety standards, citing a 
statement from the Director of the US Food and Drug Administration Center for Devices and 
Radiological Health that “the available scientific evidence to date does not support 
adverse health effects in humans due to exposures at or under the current limits. 

While most countries have adopted limits based on ICNIRP or IEEE, several cities (and 
even a few countries) have established their own “precautionary” limits based on a 
philosophy of minimizing exposure to avoid as-yet unproven hazards and are motivated in 
part by social concerns about RF technology. 

 

19.6. Exposure from base stations 
 

A key difference between 2G/3G/4G and 5G systems is that RF signals from present and 
older-generation systems remain in a fixed (or static) spatial pattern, whereas 5G antennas 
can be configured to transmit multiple beams that are steered toward individual users as 
they move about within a base station’s coverage area. Such antennas are often referred to 
as beamforming or “smart” antennas. Importantly, the term 5G may encompass either static 
antenna beams or beamforming antennas. 

Thus, even if a 5G base station that uses beamforming technology were to transmit more 
total power than a comparable 4G station, that power could be divided among multiple 
narrowly focused beams, each propagating in a different direction. The net effect is that 5G 
beamforming systems will have the capacity to provide high-quality communications through 
the more efficient use of transmitter power that can steer signals toward specific users. Field 
levels within other (off-beam) areas having no users would be sharply lower than those from 
a typical 4G base station; and since the 5G beam will exist only while communicating with a 
user, the long-term time-averaged exposure levels will also be lower. 

  



 

So far, no comprehensive surveys of environmental 5G signals have been conducted; 
few 5G networks are presently in operation, and those are largely demonstration projects 
transmitting at less than full capacity. Nevertheless, the designs of 5G networks are 
constrained by the same requirements that apply to previous generations of cellular 
systems: to provide a signal that is strong enough to be useful within a given cell but not so 
strong as to cause interference to users in nearby cells. Consequently, on this basis alone, 
one can expect that exposures from 5G networks will not differ greatly from those 
associated with present generation networks. In fact, most 5G systems transmitting 
millimeter waves will operate with only a few watts of power. 

While many bioeffects studies have been performed using RF fields in cellular bands 
currently in use, comparatively only a  few studies have been done in the millimeter 
wave band. 

 

19.7. Effect  on  the body: 
 

First, unlike lower frequency fields, MMW do not penetrate beyond the outer skin layers and 
thus do not expose inner tissues to MMW. Second, current research indicates that overall 
levels of exposure to RF are unlikely to be significantly altered by 5G, and exposure will 
continue to originate mostly from the “uplink” signals from one’s own device (as they do 
now). Third, exposure levels in publicly accessible spaces will remain well below exposure 
limits established by international guideline and standard setting organizations, including 
ICNIRP and IEEE 

While it is acknowledged that the scientific literature on MMW biological effect research is 
more limited than that for lower frequencies, we also note that it is of mixed quality and 
stress that future research should use appropriate precautions to enhance validity. 

19.8. Health: Lack of  studies 
 

There is a little number of well-done studies on health-related effects of millimeter waves. 
The results of most studies in the literature are of uncertain relevance to health. Many have 
small samples of subjects, and many lack elementary precautions to ensure reliability. Well-
done studies to identify biological effects of millimeter waves of potential health significance 
are warranted. For example, since some future 5G systems will transmit at millimeter wave 
frequencies, which until now have not been prevalent in the public domain (with limited 
exceptions), research should examine whether skin heating from such exposures at 
sufficiently high levels results in adverse biological effects that differ from those due to 
infrared heating. 

The thermal response of the body to millimeter wave exposures for extended times (10s of 
minutes or longer) needs further study. Above 6 GHz, present IEEE and ICNIRP exposure 
limits rely on theoretical/numerical models to predict transient and steady-state increases in 
tissue temperature. Better experimental validation of these models is needed, as well as an 
assessment of inter- and intra-subject variability in responses. This is particularly needed for 
occupational exposure limits, where extended high-level exposures of several 10s of 
minutes or more might result in unacceptable temperature increases in the skin under worst-
case conditions  

  



 

 

20. WHO  STATEMENT: 
 

To date, and after much research performed, no adverse health effect has been causally 
linked with exposure to wireless technologies. Health-related conclusions are drawn from 
studies performed across the entire radio spectrum but, so far, only a few studies have 
been carried out at the frequencies to be used by 5G. 

Tissue heating is the main mechanism of interaction between radiofrequency fields and 
the human body. Radiofrequency exposure levels from current technologies result in 
negligible temperature rise in the human body. 

As the frequency increases, there is less penetration into the body tissues and 
absorption of the energy becomes more confined to the surface of the body (skin and 
eye). Provided that the overall exposure remains below international guidelines, no 
consequences for public health are anticipated. 

  



21. AGENCIES  PUBLISHED EXPOSURE LIMITS: 
 

 

 

 



 

 

 

 

 
 

  



22. HOW  TO LIMIT  YOUR EXPOSURE: 
 

 

• Turn OFF  your WiFi router at night, (before sleep) (2.4 & 5Ghz bands) 

 

• Replace  your Hydro Smart Meter with a  non-communicating meter. (X-type) 

They operate at: 902—928 Mhz and 2.4Ghz  bands 

 

• Do not use  your Cell phone near  your head, use wired  headphones, or activate  Speaker-
Phone. 

 

• Limit Cell phone usage, or Turn ON  Airplane mode when not  using. 

Airplane Mode turns OFF  the 4  RF radios: GPS, Cell, WiFi, Bluetooth. 

• For  your next house  consider to be away from  Cell towers. 

Cell tower  contains  transmitters that operate on many Frequency bands  from 950Mhz , 
1.9Ghz (4G-LTE)  up to  6Ghz (5G) Freq. bands and soon  up  to  >21Ghz bands with 
beamforming, and MIMO  technology. 

 

• When possible  connect  your PC with an Ethernet cable to your router, (not via  WiFi) 

Many new  houses  are  pre-wired with CAT-6 cables. 

 

  



 

 

Note: Remember the inverse square law of physics. This law essentially states that as we 
double our distance from a source of EMF radiation, we quarter(1/4) our exposure to it. This 
concept means that distance gives us exponential protection. 

 

• Check  your Cell phone  SAR: (FCC  level is  1.6 W/Kg) 

Dial  *#07# ,  go  down to RF Exposure,  click the link to  show  the SAR of your phone. 

You can verify  your  Phone  SAR  here:  https://emfacademy.com/sar-value-searchable-
chart/   

 

• Above  all , stay  educated, do  your own research  ! 

 

 

  

https://emfacademy.com/sar-value-searchable


 

23. AIRCRAFT RADIO ALTIMETER: 
 

5G Networks (C-band)  Could Pose a ‘Major Risk’ to  Airplane  Rad-Alt. 
 

In November 2020 a  white paper by the RTCA, a private-public aviation partnership that 
advises the Federal Aviation Administration, warns that 5G technologies in  the 3.7 –3.98 Ghz 
band could pose a “major risk…of harmful interference” to radar altimeter on business jets and 
other civilian aircraft. 
 
If 5G telecommunications systems are permitted to use that frequency band, said the report, 
“the risk is widespread and has the potential for broad impacts to aviation operations in the US, 
including the possibility of catastrophic failures leading to multiple fatalities, in the absence of 
appropriate mitigations. 
 
Radar altimeters are deployed on thousands of civil and military aircraft in the United States and 
worldwide and support several critical safety-of-life aircraft functions by providing a direct 
measurement of the clearance height of the aircraft over the terrain or other obstacles. 

 

A Radio altimeter/radar altimeter — is an Airborne electronic devices capable of measuring the 
height of the aircraft above the terrain immediately below the aircraft. They operate in the 4.2–
4.4 GHz band. 

Radio altimeters provide highly accurate information about an aircraft’s height above the 
ground. Data from these radio altimeters informs other safety equipment on the plane, including 
navigation instruments, terrain awareness, and collision-avoidance systems. 

Used on thousands of civilian aircraft around the world, radar altimeters are the only aircraft 
sensors that measure the height of the aircraft above the terrain and other obstacles. According 
to the Flight Safety Foundation, altimeters provide critical information to terrain awareness and 
warning systems (TAWS), traffic-alert and collision avoidance systems (TCAS), wind shear 
detection systems, flight control systems and autoland systems. The measurements from radar 
altimeters are also used by electronic centralized aircraft monitoring (ECAM) systems and 
engine-indicating and crew alerting systems (EICAS). 
 
 
FAA  Statement: on 5G:  C-Band Mobile Telecommunication: 
https://www.faa.gov/newsroom/faa-statements-5g 
 
The FAA is working to ensure that radio signals from newly activated wireless 
telecommunications systems can coexist safely with flight operations in the United 
States, with input from the aviation sector and telecommunications industry. 
 
Restrictions by  FAA: 
FAA imposes restrictions on flight operations using certain types of radio altimeter equipment 
close to antennas in 5G networks.  
  

https://www.faa.gov/newsroom/faa-statements-5g


 
 
RTCA  White paper:  
 https://www.rtca.org/wp-content/uploads/2020/10/SC-239-5G-Interference-
Assessment-Report_274-20-PMC-2073_accepted_changes.pdf 
 
 
 
 

 

  

https://www.rtca.org/wp-content/uploads/2020/10/SC-239-5G-Interference


 

24. HOW  TO MEASURE EMF: 
 

Most EMF  meters are limited to measurements  up  to 5 and 8Ghz. With the  5G much 
larger  frequency spectrum we need to consider bands up to  the 30Ghz region. 

Meter manuals  provide guidance in  ref. to the  FCC  limit, but use  your own judgement 
to determine  YOUR SAFE  level ! 

• The LATNEX AF- 5000 5G EMF Meter is a device that can measure electromagnetic 
field (3-axis), electric field, and RF strength. The AF-5000 measures high-frequency 
electromagnetic fields (RF) in a frequency range of 50MHz - 10GHz and low frequency 
electric and magnetic fields (EMF) at 50-60Hz. 

 

• The FM5  5G meter will measure radiofrequency radiation, or RF waves, in a specific 
area. 
 
Much of the mobile networks offered in America at the moment as 5G are in fact better 
described as 4.5G, and will be detectable on standard EMF meters that can measure RF 
signals up to 10GHz. However, future 5G signals will be between the frequency range 
above 24GHz and 32Ghz and will require a specialist 5G meter to detect. 
 
While the health risks of 5G networks are yet to be determined, non-ionising EMF 
radiation has been linked to numerous adverse health effects over the years, such as 
insomnia and migraines, alongside more serious issues. Once true 5G has rolled out the 
only method to detect it will be with a monitor that specifically covers the higher 
frequencies. 

See video: https://www.youtube.com/watch?v=IaBmiBb6E0w 

 

 

      LATNEX-AF-5000  FM5  

 

https://www.youtube.com/watch?v=IaBmiBb6E0w


 

 

25. LOCATING CELL TOWERS: 
 

Locating Cell towers is now   common and can be  done using  an  on-line Cell Mapper. 

Most  will provide Cell info, location, and the  service provider. 

The cellular map allows users to quickly view all Cell Tower locations across America. 
Zooming into the map will reveal an icon identifying the tower's provider. Clicking on the map 
will reveal the tower's location as well as all the radio information associated with the tower. 

 

  



 

    Typical Cell mapper: 

https://www.scadacore.com/tools/rf-path/cell-tower-map-canada/ 

 

https://www.ertyu.org/steven_nikkel/cancellsites.html 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.scadacore.com/tools/rf-path/cell-tower-map-canada/
https://www.ertyu.org/steven_nikkel/cancellsites.html


 

26. CONCLUSION: 
 

5G, the  next  evolution in  communications, smarter, faster, larger bandwidth, more  coverage, 
low latency, with Internet of Things,  automation,  AI,  smart cities, real time gaming, 
Autonomous vehicles, remote monitoring and many more  applications. 

 

5G deployment is ongoing, the effect of 5G networks on population exposures to RF signals has 
not been as thoroughly researched as have RF exposures at lower frequencies.  Most 
technical journalist will  snap you  being in  conspiracy theories ! without any solid  arguments. 

This is where you need to educate yourself  and  make  your own  assessment. Right here I am 
providing the references and  the technical background, now  do your  homework. 

Many  scientists do have  a  concern,  are they all on the wrong  track ? 

https://ehtrust.org/wp-content/uploads/Scientist-5G-appeal-2017.pdf 

 

Agencies are declaring that in all cases, exposure levels will remain well below major 
international exposure limits and that network operators will be aware of their obligation to 
maintain their systems within compliant operating parameters. When exposure levels are 
maintained below current exposure limits, neither health agencies nor guideline/standards 
setting organizations have identified hazards from exposure to millimeter waves or RF signals in 
lower frequency bands used in previous generation technologies.  

Given the limited bio-effects literature on millimeter wave exposure, however, IEEE COMAR 
recommends more high-quality research on MMW, together with ongoing surveillance by 
health agencies of relevant scientific developments.   

From the  reports  shown by  Paul Heroux Phd-EMF, Pierre Dubochet Ing. Radio toxicologist 
(and others) the  question remain, are  those  limits  adequate  to represent  real  scenarios and 
long term  effect of MMW ? are  those limits valid for  children’s ? 

The WHO  statement is very vague  and  does  confirm  the  lack  of  serious studies and they 
limit  the  concerns  to body tissue heating  effect when  we  know  this can produce damage  at 
the cellular  level and possibly others. 

 

5G Connectivity is  here to stay,  but  above all the  next step is yours, 

Be safe,  Be healthy ! 

 

 

 

https://ehtrust.org/wp-content/uploads/Scientist-5G-appeal-2017.pdf


 

 

  



 

 

27. DISCLAIMER: 
 

© dan-consultant.com 

No part of this  article may be reproduced, or transmitted in  any form or by any means without the  
written consent of dan-consultant. 

The  content Is for  educational purpose only,   it is not intended to provide design practice, system 
solution,  marketing of any form, diagnosis or medical advice. The  Resources  provided are  
references only. Any claims in this article have not been evaluated by the  FCC and are provided  as-
is for information only. The  reader shall  perform his own research regarding the  correct  usage  of 
any  wireless equipment and possible  EMF health effect.  

  

  



 

 

28. RESOURCES: 
 

EMF ACADEMY 

• https://emfacademy.com/5g-radiation/#need 

 

Science Direct: 

https://www.sciencedirect.com/science/article/pii/S016041201830196X 
 

ENVIRONMENTAL HEALTH TRUST 

 
• https://ehtrust.org/about/ 

 

IEEE SPECTRUM  
• https://spectrum.ieee.org/everything-you-need-to-know-about-5g 

 

SAR  SEARCH 
• https://emfacademy.com/sar-value-searchable-chart/ 

 

• PHYSICIANS FOR  SAFE TECHNOLOGY: 

https://mdsafetech.org/conversion-and-exposure-limits-emr-emf/ 

 

• RTCA- 5G and RAD-ALT 

https://www.rtca.org/news/potential-5g-interference-to-radar-altimeters-frequently-asked-
questions/ 

 

• FAA  5G and  Aviation safety: 

https://www.faa.gov/5g 

  

https://emfacademy.com/5g-radiation/#need
https://www.sciencedirect.com/science/article/pii/S016041201830196X
https://ehtrust.org/about/
https://spectrum.ieee.org/everything-you-need-to-know-about-5g
https://emfacademy.com/sar-value-searchable-chart/
https://mdsafetech.org/conversion-and-exposure-limits-emr-emf/
https://www.rtca.org/news/potential-5g-interference-to-radar-altimeters-frequently-asked
https://www.faa.gov/5g


 

• The General Frequency Bands:  © CopyRight Pierre Dubochet:  

https://www.pierredubochet.ch/tableau-de-plages-de-
frequences.html?fbclid=IwAR2iwBOVxXgKblvx4FvS6ZH4qesbB0JK6sAzfQGyc1Br92J6
_XOpyitXyG8 

 

• RF TOXICOLOGY with Pierre Dubochet : 

https://www.pierredubochet.ch/home.html 

 

  

https://www.pierredubochet.ch/tableau-de-plages-de
https://www.pierredubochet.ch/home.html


 

 

 

 

29. EMF CONVERSION CHART: 
 

 

 



 

  

 

 

 

  



 

 

 

 

 

 



 

 

 

30. THE 5G  SPECTRUM 
 

 

5G Frequency bands and channel bandwidths 

 

  



 

 

 



 

 

  



 

 

 



 

Ref: 

https://www.cablefree.net/wirelesstechnology/4glte/5g-frequency-bands-lte/ 

  

https://www.cablefree.net/wirelesstechnology/4glte/5g-frequency-bands-lte/


31. THE 4G  SPECTRUM 
 

LTE  FREQ  BANDS 

 



 

 

 



 

 

  



32. THE GENERAL RF SPECTRUM:  © CopyRight Pierre Dubochet 
(French version) https://www.pierredubochet.ch/home.html 

 

 

 

https://www.pierredubochet.ch/home.html


 

 



 



 

 

 



 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

5G  the Next Gen LTE 
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