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Why does it make sense to move from 4G into 
5G, and when?

Answer: 5G offers many advantages against all the 
legacy technology. It is the latest technology, designed 
to enable high data rates, very low latency and high 
density of mobile appliances in one wireless cell. On all 
these three parameters, the older technologies up to 4G 
have some disadvantages, mainly because they have 
been designed to meet requirements from 10 years back. 
4G networks will face a challenge in the near future 
because customers are expecting more and more data 
bandwidth and faster operation. Some market forecast 
see a huge transition wave from 4G to 5G starting latest 
around 2025.

What are the impacts of 5G technology to the 
design of a TCU?

Answer: Actually, 5G is not an evolution, it is more a 
revolution. Based on a completely new design of the 
digital wireless radio part, it’s called New Radio (NR), 5G 
redefines wireless connectivity also on the backend core 

network, enabling services to run faster and more reliably. 
A Telematics Control Unit (TCU) implements these new 
technologies on three major areas:

 • The Network Access Device (NAD) implements the NR 
 and new radio protocols

 • New antenna technology needs to support higher 
 frequencies than legacy networks, usually in 3-4GHz  
 bands

 • On the application side, both the TCU and vehicle 
 networks needs to support high data throughput

At HARMAN, we have concepts and solutions to 
integrate all these antennas, hardware and software 
features into one conformal smart antenna. Conformal 
means that the design is not visible from the outside (like 
a shark fin antenna). Instead the surface of the smart 
antenna is conformal with the car roof.

What are the automotive use-cases and 
drivers towards 5G?

Answer: The automotive environment has two focus 
areas, B2B and B2C. At the B2B side, all automotive OEMs 
run a number of services that deal with data coming 
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from or going to the car. These use cases mainly improve 
the driving behavior, optimize maintenance or help in 
remote diagnostics. The other domain B2C has a much 
wider spectrum on use cases.

First of course, the modern car can be used as a 
mobile Hotspot by enabling WiFi internet access for all 
passengers. Here the data bandwidth requirements will 
grow with an expected annual growth rate of more than 
30%. One other very important driver are ADAS systems, 
up to autonomous driving. Even if we might not see fully 
many autonomous cars on the road in the next 10 years, 
there will be many semi-autonomous use cases that 
need high speed, low latency and high reliable wireless 
connectivity to backend supporting services.

One more trend that we see and has demands towards 
5G is that more and more applications will transfer 
from the digital cockpit in the car to an external cloud 
application. An example for instance is intelligent 
navigation, where highly sophisticated algorithms run 
on a server, and only the navigation instructions are 
executed in the car.

What is the difference between NSA and SA 
core networks in 5G? 

Answer: Globally all commercial 5G network roll-outs are 
currently based on “Non Standalone (NSA)”. This means 
that the wireless radios (the base stations) are based 
on 5G New Radio (NR) technology. However the core 
network at the backend is still running the 4G protocols 
for signalling, switching and routing. With this solution, 
some features of 5G like low latency are not available yet.
The NSA enabled MNOs to make smooth transitions 
to 5G, as it allows them to leverage their existing 4G 
infrastructure for signaling and add high data rate 
channels using 5G NR.

With the next phase of the 5G roll-out these core network 
technology will be replaced by full 5G compatible 
implementation. Many MNOs have already a clear 
roadmap to install 5G core networks in the next few 
years. Then 5G will be fully operating with no limitations.

What about 5G network coverage / rollout?

Answer: The rollout speed for 5G is much faster than it 
was on all previous network generations. The reason 
for this is mainly because this was a request during 

frequency auctions, to improve the distribution of high 
speed wireless internet also in rural areas where 4G 
coverage is still poor.

As an example, all German MNOs need to guarantee a 
support of 98% of all households in a country until end of 
2022 with data rates of minimum 100MBit/s.

Will there be a 4G shutdown / sundown?

Answer: We expect that 4G will still be a valid wireless 
network, with continuing growth rates for the coming 
years. The expectation is that around 2023 there will 
be the peak of 4G. After that the number of users in 4G 
networks start declining. Mainly because of two reasons:

4G networks reach their capacity limits with continuing 
data consumption growth rates and 5G networks 
reach a very good coverage, offering much better 
performance. Saying this, we expect the first 4G networks 
to disappear from 2025 ongoing. This will mainly be a 
process of frequency refarming, where MNOs keep the 
licenses for their frequencies, but replace 4G radios with 
5G technology.

The sundown of 4G will not be a switch-off, but more 
a silent disappearance. Maybe in 2030 there will be a 
reduction of 4G base stations of 50% or more.

What will happen with legacy networks like 
2G and 3G?

Answer: There is an interesting development going on 
with these two networks. 3G hast already started to be 
shut down in some countries. This will continue, so we 
expect that 3G networks will more or less disappear until 
2025-2030. In some countries, first 3G networks will be 
shut down already 2022.

On the other side, 2G as a worst-case fallback 
infrastructure is expected to continue just for voice 
calls. There is a requirement from official departments 
to have this in case of emergencies, or legacy eCall 
implementations.

Can we prepare our TCUs to be ready for 5G, 
when it’s needed?

Answer: Yes, there is a concept, we call it “5G-Ready”. 
This is a business model, where we offer a TCU which is 
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- from the hardware point of view - enabled to work on 
5G. However this feature is disabled by software to get 
an optimized overall TCU piece price. When the customer 
buys an upgrade, the 5G connectivity is enabled by 
software OTA.

As said, since this is a business model, the commercials 
are managed by taking several options into account, 
to enable an OEM to buy this kind of TCU at a price 
somewhere between a 4G and 5G device. It’s a win-win 
for both the OEM and end customer

Can I save money by moving functionality 
from the car to the cloud at a 5G connection? 

Answer: Yes. First it’s a fact that the cost of data volume 
was ever decreasing in the past, and this trend will 
continue with 5G. It is expected that the cost per GB in 
5G networks will reduce down to 10% of the cost per 
GB in 4G networks. And second, when we look on use 
cases that need high sophisticated algorithms, it is much 
cheaper to have this computation power in a cloud 
server (which is shared by many users), instead of adding 
DMIPs and memory to every single vehicle.

How fast is the automotive industry moving 
toward 5G? 

Answer: The first 5G TCU in the world will be launched 
in 2021 by HARMAN, and the number of 5G TCUs is 
expected to ramp up rapidly in the coming years. Industry 
forecasts estimate that more than 10 million 5G TCUs will 
be shipped in 2026, which accounts for 10-20% of the 
entire automotive telematics market. 

What is the power consumption delta 
between 5G TCU and 4G TCU? 

Answer: Total power consumption is mainly a function 
which correlates to the data rate that needs to be 
handled. So, since 5G delivers higher data rates, the 
power consumption will increase. On the other side, 5G 
chipsets are designed and produced with the latest 
available chipset technology. This has the advantage to 
reduce the overall power consumption again.

What is mmWave and does it work in 
automotive environment? 

Answer: The wavelength of radio frequencies directly 
depends on the frequency itself - higher frequencies have 
shorter wavelength. Actual 5G networks run their services 
at frequencies in the Sub6GHz range. The next generation 
of  5G networks will operate at much higher radio 
frequencies above 25GHz - and there the wavelength of 
the radio signal is just some Millimeters. The main objective 
of this approach is to provide even much higher data 
rates in future 5G networks.

The 5G new radio (NR) technology was designed to work 
also in these frequencies. However, because of physical 
characteristics of mmWave, this technology needs a 
completely different approach in the antenna domain. 
A really complex domain, and there is research activity 
going on to implement new mobile antennas that could 
be integrated into an automotive environment.

One of the biggest challenges is to cope with relatively 
large propagation loss. This is addressed with adaptive 
beamforming technology that allows transceivers to find 
most efficient signal paths over the air link,and focus the 
signal energy along the paths using multiple elements 
from an antenna array. This technology has been used 
in cellular and WiFi networks, but requires more antenna 
elements in mmWave. However, a good thing about 
mmWave is that its short wavelength allows to decrease 
the spacing between the antenna elements, making it 
possible to install many elements in a limited space.

What is the dependency of C-V2X with 5G? 

Answer: The essential part of C-V2X, the sidelink (the 
so called PC5 radio channel) which allows vehicles 
to communicate to each other without relying on 
cellular networks, was first introduced in 3GPP Rel.14 as 
part of 4G LTE standards. Since then, various technical 
enhancements have been made to improve its reliability, 
and HARMAN with industry partners have been 
implementing and validating V2X technologies. Now 
with latest 5G NR technology, C-V2X can provide lower 
latency in the order of 1 ms and higher throughput, while 
keeping backward compatibility to previous standards. 
This allows vehicles to share messages and sensor 
data more quickly to improve the real-time situational 
awareness. This is key to make vehicles and traffic 
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in cities safer.
There is a second C-V2X communication channel “Uu” 
which uses the 5G infrastructure to exchange information 
on wide distances. This feature enables additional use 
cases because a wide variety of useful information 
beside vehicle data can be exchanged very fast and 
is reliable. Examples are information about ongoing 
constructions weather, green light phase, emergency 
vehicle warning, far distance traffic jam and many more.

In what year will the 4G network 
inadequately support automotive use cases? 

Answer: The history of 4G networks is a story of huge 
success. The features of 4G enabled a new way of 
communication, and to access any information any time 
and everywhere. But requirements and expectations 
to connectivity are growing fast, also in the automotive 
domain. This brings 4G technology at its limits in some 
major areas.

First of all, the expected Compound Average Growth 
Rate (CAGR) in data usage per device is estimated 
to exceed 30% per year. This is huge and driving 4G 
networks to the limits of available capacity. We see this 
already today, that the real available data bandwidth 
varies during the day - it can drop down by 50% in times 
when more people are active. This means that our all 
data hunger grows, and at the same time 4G networks 

reach their limits.
A second example are safety use cases that need very 
low latency data communications. These cannot be 
supported by 4G at all, only 5G networks running in Stand 
Alone (SA) mode can do.

MNOs are heavily investing into 5G. These new networks 
will reach good coverage and high performance very 
soon, solving all the mentioned challenges of 4G.
Taking this into account, there is an expected trend for a 
big transition wave from 4G to 5G. Many users will move 
from 4G to 5G networks in the time range from 2023 to 
2027. After this time period 4G will become the 
legacy technology.

What is the power consumption delta 
between 5G TCU and 4G TCU? 

Answer: The next step will be 5G radio technology used 
in high frequency mmWave spectrum. This will boost data 
throughput by a factor of 10+ again, resulting in several 
GBits/s data rates. In parallel there are standardization 
bodies like ITU-R and 3GPP consortium which are working 
on the next generation radio technologies, use cases and 
protocols. In some years, this will finally result in a new 
specification. However, the coming 6G evolution may 
become a reality in years after 2030.
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