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Exploring the fifth generation mobile technology

Predicting the future of any business is always a challenging task. The tele
communications industry is no exception. There are a great many variables to 
consider that are constantly changing. Still, there are markers in current trends and 
history we can analyze to gaze into the future. 

As a mobile operator we have a responsibility to our customers to make sure that our 
networks can meet the demands of the next big thing, whether that´s an application 
or an entirely new device. To build truly digital communities, we also need to extend 
mobile communications to new places and people. In this paper we explore some 
of the trends that we think are important when considering the requirements for 5G, 
the fifth generation mobile telecommunications technology. 

The paper defines use cases and scenarios based on a number of trends, and 
looks at how they might impact the mobile network, for example rapidly increasing 
video traffic, the need to always be online and M2M (MachinetoMachine) 
communication. Billions of things are expected to connect to our networks and 
include everything from connected cars to buildings. M2M applications and other 
connected services offer customers greater convenience can save time and 
resources and even improve quality of life. But they also require more from our 
networks in terms of coverage, capacity, speed, energy efficiency and reliability. 

Substantial research needs to be done across the mobile network architecture, 
both on the core and radio access networks, to meet future demands. As a result, 
we believe 5G must signal a fundamental change in technology that will have a major 
impact on how operators offer mobile services, and on the user experience.  

Furthermore, it is important for the industry to have a common view on what 5G is, 
so that our customers know what benefits they can expect from the technology. 
This paper is TeliaSonera’s contribution to the evolving discussion around 5G; we 
look forward to collaborating with the industry and our customers to find a common 
approach to the next generation mobile technology.

Sverker Hannervall,  
Senior Vice President & Chief Technology Officer, Head of Group Technology 
TeliaSonera
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We can’t say for certain that 5G will launch 
in 2020, but when we examine progress in 
technology research as well as changed user 
behavior, we see the need for a new generation 

of mobile networks around that time. Trends 
driving the need for a new system include 
exponential data traffic growth, driven largerly by 
video, as well as the fast growth of M2M services.

Every ten years or so we see a new generation of mobile networks. 
3G (WCDMA) was launched around the new millennium in 2000. 
Almost a decade later, in 2009, TeliaSonera launched the world’s first 
commercial 4G (LTE) network in Sweden. This implies we should see 
the first 5G mobile networks go live around 2020.

Background

Main 5G initiatives 

The aim of this paper is to describe TeliaSonera’s view of 5G.

METIS
Europe

IMT2020 
Promotion group
China

5G Forum
Korea

2020  
and beyond
Japan

NGMN 5G  

Europe, USA, China 
and operators from 
Japan, Korea, 
Singapore, Australia, 
Russia, Turkey and 
Canada.

TeliaSonera believes that 5G must signal a fundamental change in 
technology that will have a major impact on how operators offer mobile 
services and/or on the user experience. This means that:

Summary

When developing 5G, the mobile industry will face numerous challenges, and many are still to be explored. 
We have identified the following issues that need to be considered in the design of a 5G network:

   The system must be able to cope with very large 
data traffic volumes, in the order of 1,000 times 
the traffic of today, as well as with a tremendous 
number of connected devices.

   A new radio access technology (RAT) will 
need to have a very large increase in spectral 
efficiency compared to 4G. A significant part of 
the increased spectral efficiency will be realised 
through advanced antenna solutions.

   It will likely not be enough to consider traditional 
mobile spectrum only. Unlicensed and shared 
spectrum must also be included, as well as 
spectrum in the mm wave region.

   5G must offer significantly increased user bit 
rates and lower latency compared to 4G.

   5G will need a simplified network architecture, 
even flatter than what we have for 4G today. 

   To a large extent, the network has to be 
virtualised with software running on general 
purpose IT hardware. This will definitely be the 
case for the core network, but also the RAN will 
to some extent be virtualised with a centralised 
and virtualised baseband node connected to 
remote radio heads.

   5G must provide excellent interworking with 
legacy RATs, 4G being the most important.

   5G must include SON functionality that reduces 
operation costs, optimises the network and 
improves reliability through selfhealing 
capabilities.

   The total cost of ownership (TCO) should be 
at a similar level to current networks. A key 
requirement is to keep the energy consumption 
low. This is also important from a sustainability 
perspective.

5G design considerations

01 We will be able to support 
totally new mobile user 
behaviors and services. 

02 We will be able to serve our 
customers with substantially 
higher data rates and lower 
latency than 4G.

03 We will be able to serve many 
more users in dense areas and 
locations, e.g. arenas, with much 
larger data volumes per user. 

04  We will be able to achieve much 
wider coverage and be able to 
serve our customers with data 
rates similar to 4G over very 
large areas.

05   We will be able to handle big 
volumes of data in our mobile 
networks in a much more cost 
effective way than today.

A 5G network will evolve to the point that the tremendous traffic growth will create a new strain on  
networks, but the 5G network will ensure smooth operation and great customer experience, with 
capped energy consumption.

5GPPP
Europe
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Scenarios
People today are expect and are increasingly
dependent on their mobile services delivering a 
good user experience anywhere and anytime. The 
5G system will therefore need to work efficiently 
in many different types of environments, from 
rural areas to densely populated areas like city 
centers and football stadiums. It will also have to 

manage large amounts of data and a large variety 
of devices using a multitude of applications, 
some of which are mentioned in the use cases 
presented here. From a cost and environmental 
perspective, power consumption for 5G will have to 
be substantially more efficient than earlier systems, 
considering the rapid growth in network traffic.

use different types of applications, requiring mobile 
networks to manage fastchanging workloads of data. 
Also, applications, like collision warning systems, that are 
built on exchanges of data traffic between connected cars, 
will require more in terms of latency.

Healthcare is an emerging M2M area. 
Requirements could vary from low to high 
speed connections and from low to high 
latency. Healthcare solutions also require good 

network coverage and reliability. 5G should address all 
these requirements.

The IoT (Internet of Things) is a fast growing 
area. Cars and healthcare solutions are just two 
examples. Devices, machines and applications 
from every part of society are being connected 

to the Internet. All those connected things have different 
sets of requirements for the internet connections that 
serve them. Some will require high speeds, others stability. 

Services & Traffic
Today many operators are seeing an exponential 
traffic growth in their mobile networks. We expect 
this trend to continue which means we will face 
an enormous capacity challenge. It is important 
to try to understand what drives this growth. We 
have identified four areas or use cases which we 
believe will have a significant impact on demand 
for capacity as well as other important network 
features like user bit rate, QoS, delays and 
battery life.  

Communication services
Communication services will continue to
evolve, taking advantage of the increasing 
bandwidth and lower latency of new 

networks, for example by adding support for the 
larger files and images required by modern video. 
However, when compared to some of the other use 
cases presented here, traditional persontoperson 
communication will most likely not be the most 
important driver for the development of 5G. 

Video
Services like Netflix, YouTube and Vimeo
and new standards like UHD (Ultra High
Definition) require more bandwidth and will 

continue to drive the growth of mobile data traffic. Cisco 
expects twothirds of the world’s mobile data traffic to 
be video by 2018. Mobile video will increase 14fold 
between 2013 and 2018, accounting for 69 percent 
of total mobile data traffic by the end of the forecast 
period. It is clear that video will play a major role in 
driving capacity requirements for 5G, especially for 
downlink traffic.

Internet of Things (IoT)/M2M
Devices from every corner of society are being 
connected  not just consumer electronics devices 
but also buildings, healthcare monitors and vehicles. 
These types of service will require more from mobile 
networks in terms of capacity, coverage, stability, 
security, power consumption and more.

Connected cars. The connected car is now a 
reality and one of the fastest growing areas 
of M2M. Until recently cars connected to 
2G networks, but now they are increasingly 
being equipped with 3G and 4G connections 

to manage more advanced applications. Services include 
remote monitoring of vehicle status, infotainment services 
like web radio, video, Internet browsing, and incar WiFi 
apps for weather, traffic and navigation. Data traffic 
patterns will differ between cars, as drivers and passengers 

Augmented reality
Augmented reality is widely predicted to 
be a hot topic in coming years. Companies 
like Google are already experimenting with 

the technology in applications such as the Google Glass 
project. Augmented reality can combine some sort of 
wearable device like eyeglasses with a headmounted 
display and integrated computer and camera, allowing 

applications to capture and make use of objects in the 
real world. The most basic example is replacing the 
traditional screen of a computer, phone or tablet with a 
headup display. Videobased services will most likely 
be a popular application of augmented reality, and will 
therefore generate substantial volumes of both uplink and 
downlink traffic. 

Scenarios and use cases

Mobile video traffic will 
increase 14fold between 

2013 and 2018
Source: Cisco

To support a connected 
society, a 5G mobile network 

will have to manage large 
amounts of data traffic, 

produced in a sustainable 
way by a myriad of devices 

and applications, and 
delivered to customers 

through reliable and 
secure connections.

The four use cases are:
   Communication services
   Video
   Internet of Things (IoT)/M2M services
   Augmented reality
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Summary of requirements 

Customers must be able to enjoy a user 
experience at the cell edge that is similar to 
that closer to the base station and it should not 
matter whether they are connected in an urban 
area or rural environment. Of course, base 
station cells in rural areas usually cover large 
areas and are therefore coverage optimised, 
which means overall data speeds are lower, 
but they would benefit from highorder beam 
forming.

TCO and energy consumption
A key requirement for a 5G mobile network is 
that total cost of ownership (TCO) is the same as 
for current technologies. A challenge no doubt, 
but necessary considering that 5G will carry a 
thousand times more traffic than mobile networks 
do today. 

Energy consumption and other costs increase 
more or less in line with the number of macro 
sites. Historically, each new generation of 
mobile network technology has made it more 
cost efficient to transport data through its 
infrastructure. Besides equipment costs for 
the network infrastructure, there are additional 
base station site costs like rental, installation, 
transmission, electricity and more. Increasing site 
capacity generally contributes to lower installation 
and rental costs per transported byte. The same 
goes for transmission costs. Typically site costs 
rise with inflation though, and rental and installation 
costs are correlated with the number of antennas. 
Add more antennas and the costs go up.  

If 5G is to successfully manage a thousand times 
more data traffic without a rise in TCO, the total 
number of macro sites needs to remain more or 
less the same as it is today.

The energy consumption of a 4G 20 MHz base 
station is similar to that of a 3G 5 MHz base 
station, which shows that although capacity 
increased substantially with 4G, energy 
consumption was kept constant. However, 
energy consumption does go up by adding 
carrier frequencies. That means energy 
consumption does not have the same efficiency 
scaling down down effect as other site costs 
when site capacity increases.

1–2%
Today energy costs account for around 

1–2% of an operator’s revenues. 
Keeping those figures from rising  

with 5G is important from  
both a financial and  

environmental  
perspective. 

Flexible  
uplinktodownlink  

resource allocation will 
be important for a high  
capacity 5G network, 

enabling a more efficient  
use of spectrum and 

an enhanced user  
experience.

Requirements
Capacity, coverage and user bit rates
A fundamental property of our mobile networks 
is how much traffic they are able to carry, i.e. 
their capacity. Currently we are seeing a traffic 
growth rate of 60% per year. Extrapolating that 
growth rate to the year 2025 gives an increase 
of a factor 200. However, by the year 2030 
that number will instead be 2,000. The METIS 
research project expects that capacity to increase 
by 1,000 by 2025 compared to today. This is a 
reasonable assumption considering the projected 
network traffic growth as a result of new and more 
demanding services, applications and devices.

The uplinkdownlink ratio could also change 
in response to future capacity needs. In 
TeliaSonera’s 4G networks, we currently see 
an uplinktodownlink ratio of approximately 
1:8. How this ratio develops will impact the 
development of 5G network technology, since 
uplink spectral efficiency is usually at the very 
most half of downlink. Even though some of the 
new services that will run on a 5G network, like 
M2M applications, will generate substantial uplink 
traffic. The most significant downlink traffic type, 
video, will also grow significantly due to increases 
in both usage and resolution. As a result this 
ratio will most likely increase. However, uplink
downlink ratio may vary depending on factors like 
geography and time of day and year. A desirable 
feature in a future 5G network is therefore flexible 

uplinktodownlink resource allocation that 
will enable more efficient use of spectrum and 
enhance the customer experience.

If we look at user data rates, including peak rates, 
average rates and cell edge rates, it is hard to 
quantify realistic speeds for a network that is 
projected to be launched a decade from now. 
In theory though, a mobile network deploying 
LTE Advanced technology, the next step in 4G/
LTE, with five carriers (100 MHz) and a MIMO 
scheme with eight antennas can achieve peak 
data rates of 3 Gbps. So it should be possible to 
make further substantial improvements in mobile 
network data speeds by the time 5G is launched. 
However, terminals with eight antennas are 
still some time away, even con sidering a 2025 
timeframe. Current research is focused on 
terminals with few antennas, and base stations 
with an array of lowpower, lowcomplexity 
active antennas. Research focused more on 
developing MIMO technology, utilising several 
simultaneously active antennas, could improve 
both capacity and average data speeds, but 
would have less impact on peak rates.

Initiatives like those mentioned here could help 
lessen the difference between average and cell
edge data rates, an important goal for 5G.

02 0301Capacity of a 5G mobile 
network should be able to 

cope with mobile data traffic 
volumes 1000 times greater 

than today.

Coverage is key to 5G.  
It must provide excellent 

coverage in different types 
geography, especially rural 
areas where data speeds  
should be similar to those 

offered in more densely 
populated areas.

Average user bit rates in 
a 5G network should be 
significantly faster than 

those offered by 4G. Also, 
cell edge data rates should 

be similar to average 
data rates.

Latencies in a future 5G network will need to be similar to those currently experienced in a fixed 
network in order to make services transparent to the underlying physical layer. Thus, the latencies 
should be in the order of a few milliseconds.

Today energy costs accounts for around 1–2% of 
an operator’s revenues. That relationship needs 
to be preserved with 5G. If energy consumption 
were to scale in line with the growth in data traffic, 
then energy costs would rise fast and could 
potentially even exceed revenues.

Considering the effects on costs and the 
environment, it is important to prevent energy 
consumption from increasing with 5G.
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infrastructure and applications. 
The principle of virtualisation is shown  
in figure 1.

Efforts to improve resilience in a virtualised 
network infrastructure need to focus on the virtual 
application layer, not the physical infrastruc
ture. That is because clever design of a virtual 
infrastructure can allow for (limited) failure in the 
underlying physical hardware without affecting 
the application layer, thereby avoiding downtime 
of end user services. Virtualisation is a standard 
component in most modern enterprise IT environ
ments and is now entering the mobile network 
domain. We believe it will play an important role in 
in future 5G network infrastructure as well. 

The design of a virtualised infrastructure does not 
need to be part of a 5G standardisation project. 
The technology development in this area is just 
too fast to fit the process of standardisation 
of a mobile network. What is essential though 
are open and standardised interfaces/APIs 
between the virtual infrastructure and the 
virtual application layer and the O&M/service 
orchestration domain. This will allow mobile 
operators to leverage generalpurpose data 
centers that provide the capacity and reliability 
needed to host a virtual infrastructure. 

Deploying virtualisation and cloud computing 
is especially appealing to operators that offer 
a range of services, as it allows for synergies 
between IT operations and fixed and mobile 
infrastructures, contributing to cost savings over 
time in both OPEX and CAPEX, the latter thanks 
to better utilisation of equipment across the 
different infrastructures. 

It is therefore important that the virtualised nature 
of the mobile network infrastructure is taken into 
consideration when standardising 5G, although 
that work should not include the design of such a 
virtualised infrastucture.

A future 5G network architecture that adheres 
to cloud and virtualisation principles can also 
lead to improvements in network functionality 
and simplificatio n. The technologies can be used 
in both core and radio access networks, where 
baseband processing is centralised and remote 
radio heads are distributed. In fact, using cloud 
and virtualisation technology in the radio access 
network can help simplify and optimise the entire 
network.

Possible technical realisations
Radio Access and Spectrum
There are basically three methods to increase  
the capacity of a mobile network by a factor 
 of 1,000: 

01   New/more spectrum  
at each site

02  Higher spectral efficiency  
in the radio interface

03   Densification of the radio network, 
i.e. an increased number of radio sites

All three methods need to be deployed in a 5G 
network. 

The amount of spectrum in the most suitable 
frequency range (below ~5 GHz) is limited. There 
are some frequency bands that might be
allocated to mobile services. That would be 
positive but not enough to manage future 
mobile data traffic volumes. A 5G network 
would also need to make use of unlicensed 
spectrum by efficient interworking with WLAN, 
support unlicensed spectrum in 4G/LTE as well 
as support licensed, unlicensed and shared 
spectrum in a new 5G RAT (Radio Access 
Technology). Another useful move would be to 
develop a 5G RAT for mm wave frequencies. 

We believe a new RAT for 5G is essential  to 
achieve higher spectral efficiency. Developing 
the 4G RAT is not enough. However, a 5G RAT 
is also not enough. We believe that efficient 
interworking with LTE, even HSPA and WLAN will 
be essential components of the next generation 
mobile network. As previously mentioned, the 
most natural way to enhance spectral efficiency 
would be to utilise advanced antenna techniques, 
especially enhanced MIMOtechnologies. Other 
5G initiatives that should be explored include 
a new access scheme, overhead reductions, 
higher order modulation and deploying full 
duplex, which means receiving and transmitting 
data simultaneously through a specific chunk of 
spectrum. 

As mentioned previously, densification of a 5G 
network should not translate into deploying large 
numbers of additional macro sites, but should 
instead focus on implementing small, low power 

cells, HetNet functionality and on exploring the  
advantages of a CRAN architecture. 

Another challenge is backhauling data traffic. 
From a cost perspective, deploying fibre 
connections to all small cells would prove a 
challenge. A more realistic alternative is wireless 
connections. Options in this direction include 
using a 5G macro access network for relay/
backhaul of small cells. Another would be to use 
a separate wireless system.

Network Architecture 
and Interworking
Redesigning the system level architecture in 4G 
took advantage of years of experience in operating 
earlier generations of mobile networks. Its aim 
was to simplify and optimise the architecture, 
correcting mistakes in earlier network 
generations. The work was mostly successful 
and led to a more optimised and effective mobile 
network architecture for 4G. Still, there is room for 
further improvements  for example developing a 
“flatter” system architecture would help shorten 
traffic delays throughout the infrastructure.

Resilience will be a key feature of a 5G network, 
to ensure availability of services, especially 
when considering the proliferation of M2M 
and the Internet of Things and the subsequent 
emergence of a more connected society. 
Traditionally this has been solved by pooling 
nodes, using technologies such as luflex and 
S1flex, and setting tough or even extreme 
requirements for availability for core network 
nodes. This is costly, especially the latter option, 
and so it will be important to explore new ways to 
improve resilience in a 5G network.

Virtualised Infrastructure
Cloud computing is the future for mobile network 
infrastructure, using powerful generalpurpose 
hardware in conjunction with virtualisation 
technologies to achieve costeffective, secure 
and reliable environments for basically any type 
of application. This approach is fundamentally 
changing how IT services are developed, 
deployed, and managed. We believe it will 
also have a major impact on mobile network 

VIRTUAL APPLICATIONS

PHYSICAL INFRASTRUCTURE
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Figure 1. This figure shows a virtual infrastructure, 
important to the next generation mobile network. 
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Figure 2. The figure illustrates a flat 5G 
architecture that leverages a Cloud based 
RAN, which eliminates the need for some 
controlplane nodes in the core network.

Interworking with legacy mobile systems
The evolution of mobile systems has always 
taken interoperability with legacy systems 
seriously and there is no reason to deviate 
from this principle in 5G. When 5G is ready for 
deployment, markets will be dominated by 4G 
mobile networks; therefore interworking with that 
system is necessary, but interoperability with 
older systems will be important as well. A new 
network architecture along the lines described 
earlier in this paper should easily accommodate 
current systems including 4G, 3G and 2G; see 
figure 3. The MME could be implemented into a 
Cloud based RAN, while the PDNGW/SGW node 
is moved to the edge router.

Interworking with other radio 
access technologies
When 4G launched, other radio access 
technologies surfaced as well, in addition to 
addition to 3GPP. A similar development with 5G 
is likely. It is interesting to speculate about what 
other organisations will do, for example IEEE. 
For sure, WLANs will continue to be improved. 
Currently the 3GPP standard “loosely” connects 
WLANs to mobile networks through the PDNGW/
GGSNnodes in the core network. In a future  
5G network, the Cloud based RAN would enable 
interworking with WLAN, leading to a tighter 
interworking approach and simpler mobility 
between the access systems. PCC for both 
WLAN and cellular traffic would be enforced in  
the same Cloud RAN domain. 

Stratum simplification
Since the early days of mobile telephony, 
the mobile system has been divided into an 
access stratum (AS) and a nonaccess stratum 
(NAS), which can be divided into the categories 
connectedmode/radiorelated things (the AS) 
and idlemode/core networkrelated things (the 
NAS). A constant source of delay is the state 
transitions between these states and subsequent 
interactions between the different protocol stacks.

One interesting approach to explore would be to 
push the majority, if not all, of the functions related 
to NAS into a cloudbased RAN. In 4G lingo, 
basically moving MMEs into the radio network. 
Of course, placing an MME in every base station 

would not be efficient, but with a cloudbased 
RAN, with a centralised baseband unit, there is 
significant optimisation potential; see figure 2.

That means the duplication of functionality 
and, for example, area concepts could be 
completely removed. The terminals would then 
only communicate with the radio network without 
an AS/NAS split. PCC works better in radio when 
it’s IP aware, as we expect 5G will be, just like 
its predecessor 4G. Also, using PCC to handle 
subscriptions and policy would lessen the issue 
of mobility management. The connection to HSS 
is required to provide authentication vectors.

RRH

RRH

RRH

Service area

C-RAN BBU  
+

Mobility  
Management

HSS

PCC

RRH

RRH

RRH

Service area

C-RAN BBU  
+

Mobility  
Management

RRH

RRH

RRH

Service area

C-RAN BBU  
+

Mobility  
Management

Edge
Router

(UP)

Internet / PDN

UP only

5G

4G

3G

2G

Figure 3. Interoperability: The 5G nework architecture should 
accommodate the 2G, 3G and 4G network functions.

The most 
important 

interworking will 
be between 5G 

and 4G 

 A 5G Cloudbased RAN 
would improve interworking 

with other radio access 
technologies.
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Costs and energy consumption
Today most operators including TeliaSonera 
deploy three different RATs (2G, 3G and 4G) in 
the radio network. If we instead were to deploy 
4G on all sites and spectrums we estimate that a 
4G network could take ~10 times more traffic than 
today. We think that number could increase to 20 
if available spectrum doubled. 

As previously discussed, preventing costs 
from rising means keeping the number of sites 
constant. Assuming data traffic will increase a 
thousand times, 5G macro sites will need to be 
fifty times more cost efficient than 20 MHz 4G 
macro sites. To achieve this, energy efficiency 
will have to improve by a factor of ~50. That will 
require a 5G network to offer the following energy 
capabilities:
 

   Reducing power consumption for capacity 
and coverage cells to near null when not 
transmitting data, could generate energy 
savings by a factor of 5. 

   Lower energy consumption per byte by a factor 
of 10 (compared to a 4G network).

The above analysis is rough and assumes that 
location of sites will closely correlate with traffic 
demand. However, in reality there will be places 
where traffic demand will require densification, 
possibly by small cells and HetNet systems. 
Also, it is not reasonable to think that legacy 
mobile systems will be dismantled, as the above 
calculations suggest. Therefore 5G research 
will have to focus on developing energy saving 
features to help maintain energy consumption at 
reasonable levels. A future 5G mobile system also 
requires SON functionality that can help optimise 
network operations, decrease operational costs, 
and improve reliability through selfhealing 
network capabilities.

Abbre
viation

Meaning Explanation/Comments
Page 

Nr

5G 5th Generation 
Mobile Network

3

M2M Machineto
Machine

Automated communications between 
machines,  for example computers and 
sensors, that operate without human 
interaction 

3

WCDMA Wideband CDMA 3G Radio Access 5

CDMA Code Division 
Multiple Access

A channel access method that allows 
several users of the same spectrum 
by distinguishing between users/
transmitters by allocating different 
codes (alternatives are TDMA 
and FDMA that utilises time and 
frequencies)

5

LTE Long Term 
Evolution

4G radio access technology  initially 
internal 3GPP name for the 4G 
standard, now commonly accepted in 
the telecoms industry

5

UHD Ultra High 
Definition

Video service (already explained in 
the text)

6

WiFi Wireless Fidelity A local area wireless technology 
that allows an electronic device to 
exchange data or connect to the 
internet. Sometimes also referred to as 
WLAN (Wireless Local Area Network)

7

MIMO Multiple Input 
Multiple Output

A technology where you have several 
antennas at the transmitter and 
several at the receiver. A 2x2 MIMO 
(two antennas at the transmitter and 
two at the receiver) allows for two 
simultaneous data streams, which 
means in theory you could double 
the data rata and capacity. MIMO is a 
technology deployed in 4G

8

TCO Total Cost of 
Ownership

The total cost, including capital and 
operating expenditures. for building 
and running a mobile network

9

WLAN Wireless Local 
Area Network

See WiFi above 10

RAT Radio Access 
Technology

RAT refers to the underlying physical 
connection method in a RAN, radio 
access network. A RAN usually 
consists of several RATs like 2G, 3G 
and 4G

10

RAN Radio Access 
Network

A mobile network consists of a Core 
Network (CN) and Radio Access 
Network (RAN)

10

CRAN Cloudbased 
RAN

A network architecture where the 
baseband functionality of base 
stations is centralised to a cloud 
based system, and connected to 
“dumb” RRHs

10

HetNet Heterogenous 
Networks

A network that encompasses both 
traditional macro cells and small 
cells. HetNet offers features to steer 
user traffic between cells to optimise 
network capacity and user experience

10

Iu Name of an interface in 3G (situated 
between RAN and Core Network)

10

S1 Name of an interface in 4G (situated 
between RAN and Core Network)

10

Abbre
viation

Meaning Explanation/Comments
Page 

Nr

O&M Operation and 
Maintenance

11

OPEX Operational 
Expenditure

Ongoing cost for running a product, 
business, or system

11

CAPEX Capital 
Expenditure

Expenditures used by a company to 
acquire or upgrade physical assets 
such as equipment, property, or 
industrial buildings

11

AS Access Stratum A protocol defining communication 
between a terminal and a RAN 

12

NAS Non Access 
Stratum

A protocol defining communication 
between a terminal and a core 
network in idle mode 

12

MME Mobility 
Management 
Entity

A 4G core network mode that 
manages all mobility signaling 
(paging, handover and so on)

12

PCC Policy and 
Charging Control

A feature that ensures that each 
customer gets the right service level 
and is correctly charged

12

HSS Home 
Subscriber 
System

System/database that stores all 
subscriber data

12

PDN Packet Data 
Network

A network where the traffic is sent in 
data packets. A popular example is the 
Internet. The opposite to a PDN is a 
circuit switched network

12 
(Figure)

UP User Plane All user date goes through the UP, 
while signaling goes through the CP, 
(Control Plane)

12 
(Figure)

BBU Base Band Unit The part of the base station where all 
signal processing is done

12 
(Figure)

RRH Remote Radio 
Head

RRH just transmits/receives data, i.e. 
no signal processing  
(“no intelligence”)

12 
(Figure)

PDNGW PDN GateWay A node in the 4G core network 
that connects the mobile system 
with Internet

13

SGW Serving GateWay A node in the 4G core network 13

IEEE Institute of 
Electrical and 
Electronics 
Engineers

A standards organisation that specifies 
for example WLAN

13

3GPP 3rd Generation 
Partnership 
Project

The standards organisation that 
specifies mobile networks (2G/GSM, 
3G, 4G)

13

GGSN GPRS GateWay 
Support Node

The node in the 3G/2G core network 
that  connects the mobile system with 
the Internet

13

GPRS General Packet 
Radio Service

The legacy packet core network for 2G 
and 3G

SON Self Organizing 
Networks

Functionality that provides automatic 
setup, tuning and error fixing in the 
network

14

Abbreviations

Figure 4. Power consumption reductions per megabyte required 
to meet demands from a 5G mobile network.  

Power consumption per
megabyte in current mobile 
networks (2G, 3G and 4G).

No power consumption when 
not transmitting data will 

reduce power consumption per 
megabyte by a factor of ≈5.

Total power consumption 
per megabyte when 
energy consumption 

is reduced by a factor 
of ≈10.




