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ABSTRACT: The arrival of 5G cell networks is set to cause a revolution in mobile communications. It will give us
super-fast data speeds, connect loads of devices, and respond. One of the big things that makes 5G work is using
millimeter wave (mmWave) frequencies. These range from 30 GHz to 300 GHz and offer huge bandwidths you can’t
get at lower frequencies. This paper looks at how mmWave tech can boost the capacity and performance of 5G
networks. We check out the unique way mmWave frequencies travel, like how they lose a lot of power in open space
and can be blocked. We also talk about cool techniques like beamforming and beam-steering that help fix these issues.
Plus, we show results from recent real- world tests and computer simulations. These prove mmWave communications
can work in cities and suburbs. We also think about mixing mmWave with the 5G stuff we already have below 6 GHz
showing how a combo approach has benefits.

we look at the big challenges and future research areas in mmWave tech. This includes making better hardware
deciding who gets to use which parts of the spectrum, and agreeing on standards. What we found shows that mmWave
tech looks promising to meet the tough demands of 5G networks and beyond. This opens the door for new apps and
services in mobile communications.

KEYWORDS: Millimeter wave communication, 5G communication system, small cell access, cellular access,
wireless backhaul.

L. INTRODUCTION

The quick rise in mobile data use, because of more smart- phones, tablets, and connected gadgets, has made it
necessary to develop new cell networks. 5G mobile networks aim to give a game-changing experience, with much
faster data speeds less delay, and the ability to handle tons of devices. Among the different tech stuff behind 5G,
millimeter wave (mmWave) communications stand out as super important offering a way to meet the tough
performance needs of future wireless networks. To make this happen, 5G networks have an influence on how we use
our phones and other devices. They’re causing a revolution in how we connect and share info. This new tech has an
impact on many areas, from how we work to how we play. It’s not just about faster internet; it’s about opening

up new ways to use technology in our daily lives. The move to 5G isn’t just to make things quicker. It’s to create new
possibilities, to improve how we live and work, and to connect more things around us. With 5G, we’re not just
upgrading our phones; we’re upgrading our whole digital world. This means big changes are coming in how we use
tech every day. Millimeter wave frequencies, from 30 GHz to 300 GHz, give access to huge chunks of unused spectrum.
This means they can offer bandwidths way bigger than what we have in current cell phone bands under 6 GHz. This
super-fast spectrum can deal with crazy data speeds, like many gigabits each second. It’s great for things like watching
HD videos, AR, VR, and other stuff that needs loads of data. These frequencies have a huge effect on how we can use
wireless tech to do awesome things that need data to move . But using mmWave in mobile networks is pretty hard
because of how these frequencies act. MmWave signals get weaker over distance, can’t go through things like buildings
and trees, and don’t bend or spread out much. These issues mean we need to use smart tricks like beamforming and
beam-steering to point signals right at the receiver. This helps make connections more stable and cover more area. This
paper gives a full rundown of mmWave tech in 5G cell networks. We look into the basics of how mmWave spreads,
talk about the newest mmWave hardware and antenna designs, and check out the latest stuff from real-world tests and
computer models. We also look at how mmWave fits with the sub-6 GHz setup we already have showing why a mixed
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network is a good idea. By looking at both the good stuff and the hard parts of mmWave communications, this paper
tries to explain how mmWave tech will change mobile communications in the future.

II. MM WAVE FREQUENCY SPECTRUM

Millimeter wave (mmWave) frequencies make up a part of the radio frequency (RF) spectrum that goes from 30
GHz to 300 GHz. This chunk of the spectrum has short wavelengths ranging from 1 millimeter to 10 millimeters,
which is why we call it “millimeter wave.” The mmWave frequency spectrum has some good points and some
tough spots for wireless communication when it comes to 5G cell networks.

A. Main Features of the mmWave Frequency Spectrum

Lots of Bandwidth Up for Grabs: Big Spectrum: The mmWave spectrum gives access to way more bandwidth than
sub-6 GHz bands. This can help to support faster data speeds and let more devices connect at once. Wide Channels:
Using big channels (like 100 MHz or more) is super important to get the super-fast data speeds that 5G wants to
have.

Propagation Characteristics: High Path Loss: Signals in the mmWave range lose strength faster than signals at
lower frequencies when they travel through space. This means mmWave signals get weaker more over distance.
Blockage and Absorption: Stuff like buildings, trees, and even people can block mmWave signals more. The air
also soaks up these signals more because of oxygen and water vapor. Short Wavelengths Limit Signal Spread:
mmWave signals have short wavelengths. This means they don’t bend around stuff or scatter much. So, they
struggle to travel when there’s no clear path between sender and receiver.

Cool Antenna Tech: Beamforming: mmWave systems use this trick to beat high signal loss and boost coverage. It’s
like focusing the signal into skinny beams aimed right at the receiver. Massive MIMO: This stands for multiple -
input multiple-output. It uses tons of antennas to make the signal stronger and more reliable. How? By creating
multiple beams and increasing spatial diversity.

B. Frequency Bands for 5§G mmWave

Different regulatory bodies around the world have picked out several frequency bands in the mmWave spectrum to use
for 5G. Here are some of the main bands:

24 GHz Band:

*24.25 GHz to 27.5 GHz

*Many people think this band is great to start 5G mmWave rollouts.

26 GHz Band:

*24.25 GHz to 27.5 GHz

*Europe and other places have agreed to use this band for 5G.

28 GHz Band:

*27.5 GHz to 29.5 GHz

*The United States and some other countries have started testing and using this band for early 5G.
37 GHz Band:

*37 GHz to 40 GHz

*5G can use more airwaves to boost its power.

39 GHz Band:

*38.6 GHz to 40 GHz

*Works with the 37 GHz band and shows up in different places for 5G.

60 GHz Band:

*57 GHz to 71 GHz

*This band doesn’t need a license. It helps stuff like WiGig send tons of data super fast, but for short distances.
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The mm wave spectrum would let service providers make channel bandwidths way bigger than the 20 MHz channels
4G users have now. Making the RF channel bandwidth bigger for mobile radio channels means way more data can go
through. It also cuts down on delay for digital stuff, which helps internet access and apps that need super quick
responses. Because mm- wave frequencies have much shorter wavelengths, they can use cool tricks like polarization
and new special methods. These include massive MIMO and smart beam forming.
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figure shows the rain attenuation and atmospheric absorption You can see that for cell sizes around 200m, the air
doesn’t soak up much of the mm-wave signal especially at 28 GHz and 38 GHz. When it’s raining hard, like an inch
per hour, 28GHz cell signals lose about 7 dB for every km they travel. This means they get about 1.4 dB weaker over a
200 m distance. So, the weather doesn’t mess up these signals too much for nearby cells.

III.MM WAVE APPLICATION IN COMMUNICATION

A. Small Cell Access

Small cells play a big role in making mmWave 5G networks better. These mini transmission systems don’t use much
power and work over short distances. They include femtocells, pico- cells, and microcells. They help fix the problem of
mmWave signals losing strength and not being able to go through stuff well. They do this by being closer to people
using the network. In cities, you’ll find small cells on things like streetlights and buildings. They give coverage to
specific areas nearby. Inside places like malls, airports, and stadiums small cells make sure people can connect. That’s
because mmWave signals from big cell towers can’t get inside these places very well. Small cells also let the network
handle more users. They do this by taking some of the work off the big cell towers. This means more people can use the
network at once and get faster data speeds. Small cells need strong backhaul connections through fiber, microwave, or
mmWave to work well. They use cool antenna tech like beamforming and massive MIMO to boost coverage and
capacity. These cells make things more reliable by giving backup coverage, cutting down on signal blocks, and offering
fast data quick response times, and power savings. But putting lots of small cells everywhere isn’t easy. You’ve got to
deal with finding spots getting okays from the government, making sure signals don’t mess with each other, and higher
costs and complexity. Even with these problems small cell access is key to getting the most out of mmWave 5G. It lets
us have fast dependable, and quick communication in all sorts of places.

IJIRSET©2024 | An ISO 9001:2008 Certified Journal | 13675



| I\ |

ﬂﬁzﬁ International Journal of Innovative Research of
[FII;XJ5) Science, Engineering and Technology (IJIRSET)

lwww.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753; p-1SSN: 2347-6710|

Volume 13, Issue 7, July 2024
|DOI: 10.15680/IJIRSET.2024.1307146 |

B60GHz
small cells

e,
L0
Gateway . | Ry
(o (9 | 0
,/—70 == /'.' ] ?
O b
W T
By b uy /.
- ~ Bacl iﬁr L <o

B. Cellular Access

Cell access in mmWave 5G networks gives you super fast internet, so you can watch HD videos, use AR, and VR
without any lag. To make sure you always have a signal, they put a bunch of small cells all over cities, along with the
bigger cells that cover more ground but aren’t as good because stuff gets in the way. The wide bandwidth in mmWave
bands means the network can handle way more people using it at once. It’s also super quick, which is big for things like
self-driving cars and doctors doing surgery from far away. The signal is stronger and more focused thanks to some cool
tech called beamforming and massive MIMO. To keep everything running smooth, they have to manage interference
and make sure the small cells are connected to the main network with fiber or microwave links. Weather can mess
things up so they have to plan for that too. This mmWave 5G stuff is changing the game for wireless communication
making it possible to do all sorts of new things like cloud gaming smart factories, and connecting tons of devices at
once.

C. Wireless backhaul

Now more than ever, a wireless solution will be the ob- vious choice for backhaul. The traditional bands for wireless
backhaul between 6 GHz and 42 GHz served well for 4G but they will struggle to meet the higher data rates and
increased capacity of 5G. One way to overcome the additional backhaul bandwidth challenges is to move higher up the
spectrum into mmWave bands — the 14 GHz available between 57 GHz and 71 GHz are particularly well suited for this.
For backhaul requirements, mmWave equipment is ideally suited because of its capability and ease of deployment.
Instead of digging up roads to create trenches for fibre optic cables, which can be expensive, take a long time to
complete and are often bad for the environment, mmWave small cells can be easily mounted on existing infrastructure.
To create the coverage and bandwidth one would expect from a 5G network, small cell base stations can be placed
throughout a city on lamp posts, in buildings or even on public transport.

In complex urban environments, it can often be impossible to lay new fibre exactly where it is needed without causing
disruption, so compromises in the position of these small cells have to be made. Wireless nodes can often be placed at

the best locations without having to compromise, meaning that with smart network planning the coverage and
throughput results the network needs for the applications it supports will be much more easily achieved.

A

Fig. 4.
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IV. ADVANTAGES OF MM-WAVE

Millimeter wave (mmWave) tech has a bunch of big pluses when it comes to 5G and what’s next. Check out these main

perks:

High Data Rates:

e Lots of Bandwidth Up for Grabs: mmWave frequencies give way more bandwidth than lower frequency bands.
This helps super-fast data speeds, which you need for stuff like watching HD videos using AR/VR, and playing
games in the cloud.

More Network Space:
e Reusing Frequencies a Ton: mmWave lets you pack in more small cells closer together without them messing with
each other. This boosts how much the whole network can handle.

Quick Response Time:
e Better Response Time: mmWave tech has a big impact on super-fast communication. This is key for stuff that
needs to happen raway, like self- driving cars, doctors doing surgery from far away, and robots in factories.

Better Mobile Internet (eMBB):

e Cooler User Experience: The speedy data and quick response from mmWave make mobile internet way better.
You can stream without waiting, download stuff fast, and play online games without lag.

Smart Antenna Tech:

e Beamforming and Lots of Antennas: mmWave frequencies work well with cool antenna stuff like beamforming
and using tons of antennas. This makes signals stronger more reliable, and reach further by aiming them at specific
users.

Less Signal Mess:
e Pointed Signals: Using super-focused antennas in mmWave tech cuts down on mix-ups between nearby cells and
makes the whole network work better.

New Stuff It Can Do:
e Cool New Uses: mmWave tech lets us do new things like super-real AR/VR fast mobile hotspots, and quick
internet in places that don’t have normal broadband. It’s opening doors to connect people in new ways.

Growing Bigger:
e FEasy to Add More: We can put lots of small cells close together with mmWave frequencies. This means we can
grow the network to handle more data when we need to.

Free Space to Use:
e Less Crowded Frequency Ranges: The mmWave bands aren’t as busy as lower frequency ones. This means they
have more space and there’s less fighting over bandwidth.

Better Experience for Users in Packed Places:
e  More Room: mmWave can deal with lots of users in busy spots like stadi- ums, concerts, and city centers. This
helps keep connections strong and fast.

Fixed Wireless Access (FWA):
e Another Way to Get Internet: mmWave works well to bring fast internet to country areas and places without good
service. It does this through fixed wireless access so you don’t need to lay down lots of fiber cables.

V. LIMITATION

Even though it has lots of good points, mmWave tech also has some downsides. Here are a few big problems
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Limited Range:
e High Path Loss: mmWave signals lose a lot of strength as they travel. This means they don’t go as far as lower
frequency signals. To fix this, you need more small cell towers to keep the coverage good.

Poor Penetration:
e Blocked: mmWave signals have a hard time going through buildings, walls, and other stuff in the way. This makes
it tough to get good coverage inside buildings from towers outside.

Affected by Weather:

e  Weather Problems: mmWave frequencies don’t do well in bad weather like rain, fog, and snow. These can weaken
the signal and make it work not as good.

e Air Absorption: Oxygen and water vapor in the air can soak up mmWave signals making them weaker and less
reliable over long distances.

Line-of-Sight (LOS) Need:
e Direct Path Dependence: mmWave communication often needs a clear path between the sender and receiver. Any
stuff in the way can mess up the signal, so they have to use beamforming and other tricks to keep the connection

going.

High Setup Costs:
e Infrastructure Density: The need to have a bunch of small cells and backhaul links close together makes it pricey to
set up in cities where finding and putting up sites can cost a lot.

Tricky Network Planning:

e Dealing with Interference: Small cells being close to each other in mmWave networks means we need smart ways
to handle interference and make sure everything works well.

e Designing Networks: We need to plan and make networks better to deal with signals that lose strength and need a
clear path.

Device and Antenna Complexity:

e New Tech: To use mmWave communication, we need cool antenna tech like massive MIMO and beamforming.
This makes network gear and phones more complex and expensive. Keeping Things Cool: mmWave transmitters
and receivers use a lot of power, so it’s tricky to keep small phones from getting too hot.

Getting and Using Spectrum:
o Limited Spectrum Allocation: Different regions have different mmWave band availability. These bands give lots
of bandwidth, but we need rules to make sure everyone can use them.

Battery Life Concerns:

e High Power Use: mmWave talking uses more juice than lower frequency bands. This might drain mobile device
batteries faster.

e Public Thoughts and Safety Worries: Health Worries: Some people worry about how higher frequency waves
might affect health. Right now, scientists agree that mmWave tech is okay if used within safe limits.

VI. CONCLUSION
Millimeter wave (mmWave) technology has a big influence on new 5G networks. It comes with some great benefits
like speedy data transfer more network capacity, and quick response times. These are key to make awesome things
work, like watching HD videos without buffering augmented reality virtual reality, and cars that drive themselves.
mmWave uses wide bands and smart antenna tricks like beamforming and massive MIMO. This helps to deal with tons

of users at the same time in busy cities and packed places.

But mmWave tech has big problems too. It doesn’t work well over long distances or through walls and stuff. Weather
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and air can mess it up too. You need a clear path between devices for it to work right. Setting up lots of small cell
networks is super expensive. Plus, putting mmWave in gadgets needs fancy pricey tech. This can make batteries die
fasterand change how devices look and work. It’s not easy to make mmWave work in the real world.

Even with these drawbacks, mmWave tech is super impor- tant for 5G networks because of how good it is. To
make it work better, people are coming up with cool ideas like better network planning smart ways to handle
interference, and getting support from regulators. This could help us use all of what mmWave can do. As scientists
and engineers keep working on it, mmWave tech will get even better giving us more awesome abilities and working
more . It’s going to be a big deal in how we communicate in the future.
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