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Samsung envisions the fifth Generation (5G) mobile communica-
tion era to be the beginning of a full scale Internet of Things (IoT). 
Billions of connected devices autonomously interconnect with 
one another while ensuring personal privacy. The unprecedented 
latencies offered by 5G Networks will enable users to indulge in 
gigabit speed immersive services regardless of geographical and 
time dependent factors. This white paper introduces you to future 
services, key requirements, and enabling technologies that will 
herald in the 5G era that is expected to revolutionize the way we 
experience mobile services.
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Add to it, the impact of higher cell capacity and 
end-user data rate requirements due to emerging 
new services such as Ultra-High-Definition (UHD) 
multimedia streaming and extremely low latency 
requirements for cloud computing and storage/
retrieval, and it soon becomes evident that the 
current 4G systems, which are already stretched 
to near-breaking points (despite massive Wi-Fi of-
fload), will be stretched too thin to deliver the quality 
of experience (QoE) necessary to support mobile 
experience that 5G is set to deliver. 

5G Era can be expected to revolutionize the way 
we communicate by supporting immersive applica-
tions that demand exceptionally high-speed wire-
less connections, a fully-realized IoT, experience 
lower latency and promote both spectrum and en-
ergy efficiency. To realize these benefits, 5G sys-
tems will differ fundamentally from their predeces-
sors fueling a series of groundbreaking innovations. 
Let’s look at the services and the requirements that 
5G is expected to address.

Figure 1    Growth in Mobile Traffic and Connected Devices

Fuelled by the unprecedented growth in the num-
ber of connected devices and mobile data, and the 
ever-fast approaching limits of the 4G technologies 
to address this enormous data demand, indus-
try efforts and investments to define, develop and 
deliver the systems and specifications for the fifth-
Generation (5G) mobile system and services are 
well under way - signaling the dawn of the 5G Era.

As shown in Figure 1, the number of connected In-
ternet of Things (IoT) is estimated to reach 50 Billion 
by 2020 [1], while the mobile data traffic is expect-
ed to grow to 24.3 Exabytes per month by 2019 [2].
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5G services have the potential to revolutionize the 
mobile experience. Here’s how: 

5G Service Vision 

Internet of Things

- Smart Home   

Dishwashers will fix themselves using information 
from peers of the same model while home appli-
ances at home and in the neighboring homes may 
cooperate to ex tinguish a fire. A smart refrigerator, 
recommending a recipe of cuisine to be cooked 
with ingredients that are already in your refrigerator, 
is yet another plausible scenario.

- Fitness & Healthcare 

Connected Health and Fitness related wearable de-
vices such as The Samsung GearTM Fit will record 
your athletic performance while you exercise and 
recommend the type of exercise, its duration and 
frequency per day. These connected healthcare 
devices will also send vital signs such as brain-
wave, blood pressure and heartbeat to an expert 
system in the hospital in real-time to prevent medi-
cal emergencies before they occur. Such time criti-
cal applications put unprecedented requirements 
on latency.

- Smart Store

In large shopping malls, while many people walk 
around window shopping, vicinity to products is 
continuously tracked, usually by a server some-
where in the cloud. Customized alerts for low priced 
product can be sent to the user’s device as the user 
is detected in the vicinity of that low-priced product, 
or information of other lower prices in the nearby 
stores can be sent to the device as the customer 
spends more time in the vicinity of a certain product 
class. 

5G will make the “Internet of Things” a reality. With 
5G technology, a device will be able to maintain 
network connectivity regardless of time and loca-
tion, and open the possibility to connect all the con-
nected devices without human intervention. For 
this, the basic fabric of the 5G system design is ex-
pected to provide support for up to a million simulta-
neous connections per square kilometer, enabling 
a variety of machine-to-machine services including 
wireless metering, mobile payments, smart grid and 
critical infrastructure monitoring, connected home, 
smart transportation, and telemedicine. Intelligent 
devices will communicate with each other autono-
mously in the background and share information 
freely. This ubiquitous connectivity - a basic tenet of 
the 5G services, will truly enable IoT services which 
in turn is expected to profoundly change human 
lives by connecting virtually everything.
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- Smart Office

In smart office environments, office appliances are 
connected with one another and will share informa-
tion. Nearby computers and input/output devices 
can recognize a user and change the settings us-
ing the user’s preferences stored in the IoT cloud. 
Printers will print out  the relevant documents when 
the user passes by the printer. Almost all the office 
appliances will connect wirelessly, while exchang-
ing massive data through wireless medium without 
noticeable delay. Alerts on the upcoming meetings, 
materials and documents relevant to that meeting 
will instantaneously become available to the user’s 
device, while documents and tasks that are modi-
fied will be automatically updated.

- Connected Car

Many of us use navigation services via in-car navi-
gation systems or our smart phones to find the most 
efficient route to our destination. Vehicle diagnostic 
services are becoming attractive to obtain the in-
formation such as battery level, fuel level or engine 
status on our smartphones. The ‘eCall’ system that 
automatically calls emergency services in case of 

In a 5G environment, users will experience life-like 
multimedia streams anytime and anywhere. Users 
will feel as if they are part of the scene when they 
watch videos on their smart devices. To provide 
such an immersive experience, many obstacles 
will need to be overcome. Agility to instantaneously 
respond to the user’s thought and behavior will be 
necessary. An upcoming service that is expected 
to  provide life-like experience in 5G system is UHD 
video streaming with its greatly enhanced resolution 
and clarity. Currently, UHD services over terrestrial 
broadcast are already being standardized in some 
countries. In addition, some smart phones in the 
market are now equipped with a camera module

Immersive Multimedia Experience

Figure 2    Major Service Scenarios with 5G

an emergency exemplifies such a service. By 2020 
and beyond, more attractive services that wirelessly 
connect ‘cars’ around us with ‘things’ will emerge 
and make people in the vehicles very comfortable, 
and provide an enjoyable driving experience. For 
safer driving, sensor and camera data in a vehi-
cle as well as supplementary information from the 
neighboring vehicles will be collected using mobile 
networks so that a potential emergency situation 
can be reliably informed to a driver in real-time and 
timely steps can be taken to avoid an actual emer-
gency situation. This operation will eventually be ap-
plied to self-driving cars, which can be viewed as an 
important type of ‘things’. 

Such a system can be tailored to deliver a highly 
customized experience thereby greatly enhancing 
a user’s shopping experience. To support such a 
scenario, massive connectivity and low latency 
technologies are inevitable.
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Users will be able to control remote machines and 
appliances as if they are right before them, even 
from thousands of miles away. Thanks to the reli-
able connections and near-zero latency of 5G, us-
ers will be able to control heavy industrial machines 
remotely, or access hazardous site remotely. It will 
also help mankind in exploring areas on the earth 
that are as yet unexplored, such as the Polar Re-
gions or parts of the ocean floor. 

Intuitive Remote Access

that can record video with 4K UHD quality. It is 
expected that UHD services are likely to go main-
stream by 2020 raising an acute need for perfor-
mance enhancement of cellular systems to support 
such services.

Other examples of “immersive” services that will 
fundamentally revolutionize entertainment, health, 
education, and other industry sectors are Virtual 
Reality (VR) and Augmented Reality (AR).

VR provides a world where physical presence is 
simulated by computer graphics, and the user can 
actively interact with the simulated elements, as in 
immersive sports broadcasting for instance (See 
Figure 3). Other interesting VR service scenarios 
are interactive 360° movies, online games, remote 
education, and virtual orchestra. Samsung’s recent-
ly launched VR headset called (called Gear VR), 
virtual reality video service platform (called Milk VR) 
and ‘Project Beyond,’ (a 360° 3D camera with 17 
Full HD (FHD) camera modules, optimal for gener-
ating contents for Milk VR) indicate the humble be-
ginnings of the truly immersive experience that is to 
come in the 5G Era.

5G will provide users with a desktop-like experi-
ence based on cloud computing. With everything 
stored and processed on the cloud and immediate-
ly accessed with low latency, only simple input and 
output interfaces on mobile devices are needed, 
making them lighter, thinner, fancier, and more eco-
friendly.

As an example, when you go shopping, the smart 
device can notify you about the arrival of new dress-
es that you might like, or let you know how well a 
dress in the newly incoming inventory matches with 
your liking based on your purchase history. This no-
tification can be triggered, for instance, as you step 
into a shop, or take a picture of the dress, while the 
necessary computation to come up with the dress 
recommendation through crowd sourcing is done 
on a cloud server that is potentially half a world away.

Everything on the Cloud

Figure 3    Watching Sport Events with VR

In an AR service scenario, computer-aided real-
time information based on user context is graphi-
cally augmented to the display, delivering added 
value for the user. In the future the service desk at-
tendant no longer needs to memorize the tiresome 
details of the products. Instead, AR services will 
help to inform the price, popularity, and details of 
a given product. Figure 4 illustrates another ser-
vice scenario - AR navigation on windshield, where 
navigation information and other helpful notifica-
tions (refuel reminder and nearby shop location) 
are displayed on the windshield of a car, so that the 
user can continue to focus on driving while getting 
subtle context-aware notifications about potential 
services at the same time. 

Samsung is actively involved in the development 
of 5G technologies to support these immersive VR 
and AR services, which will entertain users and pro-
vide a truly life-like experience on the move.

Figure 4    Driving a Car with AR Navigation

In order to realize such a demanding and unprec-
edented service vision, Samsung proposes the 5G 
rainbow requirements consisting of 7 Key Perfor-
mance Indices (KPIs) as shown in Figure 5.

5G systems will be required to deliver an order of 
magnitude cell capacities and per-user data rate 
compared to its predecessors. Specially, 5G sys-
tems are expected to support data rates of 10-50 
Gbps for low-mobility users. As a baseline, 5G sys-

5G Requirements
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Figure 6    Edgeless RAN - 1 Gbps Anywhere
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Figure 5    5G Rainbow Requirements
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tems will provide gigabit-rate data services regard-
less of a user’s location as shown in Figure 6 and 
Figure 7. To provide this uniform QoE, 5G network 
deployments are expected to be much denser 
compared to 4G networks, so making cost-effective 
deployment is a very important requisite.

wireline networks while 5G technologies offer the 
promise of making these service levels achiev-
able over wireless networks. Likewise, low-latency 
networks will allow pre-crash sensing, enabling ve-
hicles to sense imminent collisions and exchange 
relevant data that could salvage the situation and/or 
mitigate adverse impact of the collision. Other chal-
lenging low-latency services that could be enabled 
by 5G could include self-driving cars, public safety 
communications systems, augmented reality, and 
“tactile internet” [3].

With spectral efficiency requirements set to 10 bps/
Hz levels (in contrast to the 1-3 bps/Hz on 4G net-
works), 5G is also expected to deliver an efficient 
use of the spectrum by using MIMO, advanced cod-
ing and modulation schemes and new waveform 
design (more on this in the enabling technology 
section)

To address the ever-widening revenue gap that the 
operators and service providers are experiencing, 
5G systems are targeted to be 50 times more effi-
cient than 4G by delivering reduced cost and ener-
gy usage per bit. This sequentially requires low-cost 
network equipment, lower deployment costs, and 
enhanced power saving functionality on the network 
and user equipment sides.

5G technologies will be required to cope efficiently 
with all degrees of mobility by providing “mobility 
on demand” based on each device’s and service’s 
needs. On one hand, the mobility of user equipment 
should be guaranteed to be at least the same level 
as the current 4G system - that is the baseline. On 
the other hand,  Samsung envisions that specialized 
5G systems will support mobility at speeds ranging 
from 300 to 500 km/h. 

To make the IoT Vision come true, the number of si-
multaneous connections in the 5G system is expect-
ed to be over 106 per unit square kilometer, which is 
much higher than that of the legacy system.

4G

5G
E2E Latency

4G

5G
Air Latency

E2E Latency  < 5 ms

Air Latency < 1 ms  

10 ms

1 ms
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Figure 8    Ultra Low Latency of 5G 

Figure 7    Data Rate Comparison of 5G with 3G and 4G 
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To fundamentally support the cloud storage/com-
puting infrastructure of the future, 5G networks will 
deliver an end-to-end latency of less than 5 milli-
seconds and over-the-air latency of less than one 
millisecond (see Figure 8) - which is one-tenth 
compared to the latency of a 4G network. Critical 
infrastructure monitoring, for example, currently re-
quires service levels achievable only on dedicated 
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Figure 9    Overview of 5G Key Enabling Technologies 
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5G Key Enabling Technologies
Groundbreaking innovations will drive 5G tech-
nologies to meet the unprecedented speeds, 
near-wireline latencies, ubiquitous connectivity 
with uniform QoE, and the ability to connect mas-
sive amounts of devices with each other, all work-
ing in unison to provide the user with an immersive 
experience, even while the user is on the move. 
Future 5G systems will encompass fundamentally 
new designs to boost wireless capacity utilizing 

new frequency bands, advanced spectrum efficien-
cy enhancement methods in the legacy band, and 
seamless integration of licensed and unlicensed 
bands.

5G

Tech for
New

Spectrum

Tech for
Legacy

Spectrum
Interworking/
Integration

Figure 9 shows an overview of the 5G key ena-
bling technologies. The massively higher capacity 
needs of the 5G systems will be addressed by new 
mmWave systems, high-density small cells, ad-
vanced Multiple-Input and Multiple-output (MIMO) 
and new multiple access schemes like Filter-Bank 
Multi-Carrier (FBMC). Adaptive Coding and Modu-
lation like Frequency and Quadrature Amplitude 
Modulation (FQAM) can significantly improve the 
cell edge performance and combined with high-
er density deployments with multi-BS coopera-
tion will help to deliver on the promise of “Gbps 
anywhere” and Uniform QoE. Multi-Radio Access 
Technology (Multi-RAT) integration including carrier  
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The mmWave bands provide 10 times more band-
width than the 4G cellular-bands, as illustrated in 
Figure 10. Therefore, the mmWave bands can sup-
port the higher data rates required in future mobile 
broadband access networks.

mmWave System

Figure 10    Potential Bands in 20-50 GHz (US)
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Unlike the below 6GHz bands, in the mmWave 
bands we have to carefully consider the wireless 
conditions such as rainfalls, snowfalls, and fogs. 
However, the amount of loss is mild for the expect-
ed range of a 5G communication link. For example, 
atmospheric absorption loss due to H2O and O2 at 
28 GHz would be around 0.02 dB at a distance of 
200 meters. Intensive rainfall (110 mm/h) results in 
about 4 dB loss at 200 meters distance. Loss due 
to heavy snow (10 mm/h) or heavy fog (visibility dis-
tance under 50 meters) will be less than 0.1 dB, at 
all distance of 200 meters [4][5].  

In Figure 11, we show mmWave channel measure-
ments from extensive experiments in Daejeon, Ko-
rea [6][7]. These channel measurements were car-
ried out at 28 GHz with a channel bandwidth of 250 
MHz, transmission power of 29 dBm and the horn 
antenna gain of 24.5 dBi for both the transmitter and 
the receiver [6][7].  

The path loss exponents (based on 8 meters dis-
tance free space path loss) is 3.53 in Non Line of 
Sight (NLoS) links [6]. The mild path loss exponent 
from measurement results strongly suggests that 
mmWave communication links can be supported 

Figure 11  mmWave Channel Measurements in Urban Area, 
                 Daejeon (Korea)
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Figure 12    Adaptive Pencil Beamforming (Example)
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aggregation of licensed and unlicensed bands will 
inevitably help in increasing the available system 
bandwidth. On the network side, novel topologies 
including application servers placed closer to the 
network edge will contribute to significantly reduc-
ing the network latency. Advanced Device-to-De-
vice (D2D) technology can help reduce the com-
munications latency and support larger number of 
simultaneous connections in a network. 

These 5G key enabling technologies are described 
in more detail in the following sections.

over 200 meters of distance, even in dense urban 
outdoor NLoS environments. Similar results are also 
reported in ray-tracing-based mmWave propaga-
tion model [8], confirming the fact that mmWave 
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bands can be successfully utilized for future IMT sys-
tems. Moreover, based on the ray-tracing, mmWave 
3D-channel model in urban scenario is proposed 
in [9]. Higher path-loss and the resulting fragile link 
is largely due to weak diffractions in the mmWave 
bands. We need to overcome these challenges in or-
der to make outdoor mmWave communication a re-
ality [10][11]. Fortunately, the small mmWave wave-
length also means highly directional beamforms 
can be obtained using a large number of antenna 
elements in a smaller form factor. These adaptive 
directional beams with large antenna array gain are 
key in combating the large propagation loss in the 
mmWave [12][13][14][15], as illustrated in Figure 12.

We have developed a mmWave beamforming pro-
totype at the DMC R&D Center, Samsung Electron-
ics, Korea, in order to demonstrate the feasibility 
of using mmWave bands for cellular services. We 
showed that mmWave system can meet the two key 
requirements of cellular services: sufficiently large 
geographical coverage and support for mobility in 
NLoS environments. 

With the prototype, we tested outdoor coverage 
to demonstrate the service availability in a typical 
outdoor environment for both LoS and NLoS sites. 
The tests were performed at sites surrounded by 
tall buildings where various channel propagation ef-
fects such as reflection, diffraction, and penetration 
were present, as shown in Figure 13. We observed 
that reliable communication links are formed even 
for NLoS sites that are more than 200 meters away 
from the base station.

Figure 13     Exemplary Outdoor Coverage Test Results          

High performance antenna solution is an important 
piece of the 5G puzzle. The constantly varying LoS 
and NLoS propagation environment demands a 
novel antenna which exhibits high gain as well as 
wide spatial coverage capacity. The antenna array 
comprising of multiple antenna elements must fit 
within the small form factor of a 5G mobile handset.   

Samsung has been developing innovative 5G 
phased array antennas that have near zero-foot-
print and reconfigurable antenna modes, as shown 
in Figure 15.

Advances in semiconductor technology have made 
commercial mmWave systems readily available. Re-
cent technologies of Silicon-based Complementary 
Metal Oxide Semiconductor (CMOS) processes are 
capable of integrating mixers, Low Noise Amplifiers 
(LNAs), Power Amplifiers (PAs), and Inter-Frequen-
cy (IF) amplifiers, all in a single package. A good 
example is the 60 GHz commercialized products 
with the label of Wireless Gigabit Alliance (WiGig) 
[16], and it is well recognized that cost effective im-
plementations of sub-100nm CMOS process  made 
it possible to utilize the 60 GHz bands [17].

Figure 14    Projections of 5G FEM PAE
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Figure 15    The Reconfigurable 5G Phased-array Antenna
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Characterizing the biological implications on a us-
er’s body imposed by cellular handset devices is 
one of the most important aspects that need to be 
verified prior to its commercial release. The Signal 
Absorption Rate (SAR) regulated by worldwide gov-

GaAs Monolithic Microwave Integrated Circuit 
(MMIC) technologies are maturing fast, and they 
are  becoming a dominant choice for components 
in the RF chain including PAs, LNAs, switches for 
digital attenuators and phase shifters, Voltage Con-
trolled Oscillators (VCOs), and passive components 
from a few GHz to 100 GHz. As illustrated in Figure 
14, it is projected that the Power Added Efficiency 
(PAE) of a 5G Front End Modules (FEM) will soon 
match the PAE of today’s commercial 4G system. 
Meanwhile, a good Effective Isotropic Radiated 
Power (EIRP) can be achieved with the help of high 
antenna gains  from a large number of antenna ele-
ments [18][19].
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Figure 16    Biological Implications on the User’s Body
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Multi-RAT
To realize the envisioned 5G services, significant en-
hancement of per-user throughput and overall sys-
tem capacity is required, compared with those of the 
4G system. Such an enhancement can be achieved 
through advanced PHY/MAC/network technologies 
and efficient methods of cell deployment and spec-
trum management. In particular, utilizing a larger 
amount of system bandwidth guarantees an in-
crease in the capacity by allocating more frequency 
resources to each user in the system. Therefore, uti-
lizing the spectrum where huge bandwidth is avail-
able can be considered to be the most critical issue 
for the 5G system. 

Currently, the 4G system specifies its operating fre-
quency bands and some of them are assigned to 
cellular operators. These deployments can be ben-
eficial since the existing 4G system will not interfere 
with other RATs. 

However, obtaining the licensed spectrum requires 
not only considerable financial investment, but also 
a significantly long period of time spent on regula-
tory procedures. More importantly, a substantial 
portion of the licensed spectrum around 2 GHz is 
already being used. Therefore, finding a bandwidth 

The unlicensed spectrum has plenty of bandwidth. 
For instance, approximately 500 MHz and 7 GHz 
bandwidths are available in the 5 GHz and 60 GHz 
bands, respectively. In order for the 5G system to uti-
lize the unlicensed spectrum, regulations imposed 
on each frequency band should be carefully recon-
sidered. Representative examples of the regulations 
are the Transmit Power Control (TPC), Dynamic Fre-
quency Selection (DFS), and Listen Before Talk (LBT). 

To efficiently utilize the unlicensed spectrum, we will 
develop the 5G system with the following character-
istics. 

First, we will design PHY/MAC/network algorithms 
suitable for the nature of the unlicensed spectrum. 
Since a wide range of frequency bands are included 
in the unlicensed spectrum, each frequency band 
has its own characteristics. Hence, band-specific 
solutions will be provided.

Second, efficient coexistence mechanisms that take 
into account other RATs (e.g., WiFi or WiGig) operat-
ing in the unlicensed spectrum will be suggested. 

Finally, techniques for interworking and integrating 
the 5G system with other RATs will be developed. By 
taking advantage of multiple RATs, the 5G system 
will be able to take advantage of the unique char-
acteristics of each RAT and improve the practicality 
of the system as a whole. For instance, the 4G sys-
tem is used for exchanging the control messages 
to maintain the connection, to perform handover, 
and to provide real-time services such as VoLTE. 
The technology operating in mmWave unlicensed 
frequency band would support the gigabit data rate 
service. Multiple mmWave cells can be overlaid on 
top of the underlying 4G macro cells, as shown in 
Figure 18.

Figure 17    Integration of Licensed and Unlicensed Bands
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ernmental bodies is used as a guideline to assess 
the effect of mmWave bands on a user’s body. The 
SAR of an envisioned 5G (28 GHz) cellular handset 
is analyzed and illustrated in Figure 16.

When optimally configured, the 5G beamforming 
technology enables the peak radiation of the Mobile 
Station (MS) antenna to steer away from the user’s 
head. As a result, the average SAR can be reduced 
by more than a factor of 10 compared to that of the 
present day 4G cellular handsets.

The maximum SAR is expected to be further mini-
mized in the future, as 5G antenna technology con-
tinues to evolve. 

that is wide enough to support the 5G system is very 
challenging. 

The recent trend in spectrum management is to 
aggregate both the licensed and unlicensed spec-
trums to extend available system bandwidth, as 
shown in Figure 17. 
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In the 5G flat network architecture, as illustrated in 
Figure 19, user mobility is managed efficiently and 
in a dynamically scalable fashion by pushing the 
functionality to the edges of the network and even 
onto the mobile terminals [20]. 

The three important benefits of this approach in-
clude the followings: 

First, such a distributed mobility management al-
ways provides the shortest data path between MS 
and the Internet without traversing the core network. 
This distributed mobility management leads to a 

Figure 19    5G Flat Network Architecture

MS

BS
Server

Internet

Direct Access to Internet Services

Low Latency Services 
by Edge Servers

- Increase in end-to-end transmission latency  
    due to elongated data paths.

- Additional load of backhauling and network  
    processing in the core networks.

- Low network reliability due to introduction of a               
    single point of failures.

significant reduction of signaling and data transmis-
sion delay. Also, low end-to-end latency require-
ments of ‘less than 5 ms’ for new 5G services such 
as immersive UHD video streaming, cloud gaming, 
and virtual reality, cannot be archived solely by re-
ducing radio access latency but would also require 
a flatter network architecture design. In the flat net-
work architecture, services which require low laten-
cy transmission can be provided by Edge Servers 
and they can benefit from advanced network fea-
tures which utilizes network information for optimal 
operations.

Second, it provides a highly scalable solution com-
pared to the centralized architecture, in which a  
single core network gateway maintains the whole 
traffic from MSs or to MSs.

Third, it easily avoids the risk of having a single point 
of failure. In flat network architecture, the breakdown 
of one network gateway would not significantly in-
terfere with the operations of the other gateways. 

Flexibility is considered as another key requirement 
of 5G network architecture. Software-Defined Net-
working (SDN) and Network Function Virtualization 
(NFV) provide promising examples of programma-
ble design technologies for realizing a flexible 5G 
network architecture.

Advanced Network
In order to meet the 5G key requirements such 
as latency and the large number of simultaneous 
connections, and to support new business models 
and scenarios for operators, technologies above 
the radio access level should also be considered. 
Therefore, we need to develop technologies at the 
system architecture level from the network point of 
view. To accomplish the 5G key requirements and 
support the increased data rate of new 5G radio 
access, 5G network will have to evolve towards a 
distributed and flat architecture.

Current mobile network architectures designate a 
dedicated node in the core network (e.g., PGW - 
Packet Data Network Gateway in 3GPP) as a mobil-
ity anchor that allocates an IP address to the termi-
nal, tracks terminal location in the IP topology, and 
ensures terminal’s reachability by tunneling its traf-
fic to wherever it goes. All terminal traffic is tunneled 
through the centralized node in the mobile core net-
work. However, the undesirable consequences of 
this design include the following: 

Advanced MIMO
One promising technology for meeting the future 
demands is massive MIMO transmission/reception 
[21]. When used with multi-user precoding schemes 
such as Maximum Ratio Transmission (MRT) pre-
coding, also known as channel conjugate precod-
ing, massive MIMO systems experience small inter-
user and inter-cell interferences,  and consequently 
achieve significantly higher throughput than the 
state-of-the-art MIMO systems.

One of the main challenges to build massive MIMO 
systems in practice is the limitation in the number of 
antennas that can be equipped at a BS, caused by 
the BS form factors and operating carrier frequen-
cies.

Control Signal

Core Network
4G Cell

4G Cell

Internet

Data

mmWave 
Small Cell

mmWave 
Small Cell

Figure 18    Overlaid Network of mmWave Small Cell  
                   Integrated with the Underlay 4G System
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For example, to horizontally install a large number 
of antenna elements (e.g., > 8) at the top of a BS 
tower operating with the lowest 4G system frequen-
cy bands of 700 MHz, eight antenna elements with 
0.5λ spacing require up to 1.7 m width, where λ 
is the carrier wavelength. For the typical 4G system 
frequency bands of 2.5 GHz, fitting 32 antenna ele-
ments with 0.5λ spacing require up to 1.9 m width, 
which is still not feasible in many BSs that have only 
limited room on the tower. This practical limitation 
has motivated Full-Dimension MIMO (FD-MIMO)  
cellular communication systems, which place a 
large number of active antenna elements in a two 
dimensional grid at the BSs.

A typical FD-MIMO deployment scenario is illus-
trated in Figure 20, for a macro BS with 3 sectors 
equipped with 2D Active Antenna Array (AAA) pan-
els. 

FD-MIMO simultaneously 
supports elevation & azimuth 
beamforming and > 10 MSs
MU-MIMOElevation 

Beamforming

Azimuth
Beamforming

FD-MIMO
BS

Figure 20    Example of FD-MIMO Deployment 

ACM & Multiple Access
- FBMC

As cellular IoT has been one of key driving forces 
to 5G, spectrally efficient support for heterogene-
ous services that have quite different requirements 
is becoming ever so important. Accordingly, several  
enabling methods such as multi-RAT coexistence 
and flexible spectrum sharing have been actively 
investigated.

Recently, FBMC has drawn much attention as an 
enabling technology for enhancing the fundamental 
spectral efficiency, though its theory has a long his-
tory similar to that of Orthogonal Frequency Division 
Multiplexing (OFDM).

Because of the well-localized time/frequency traits 
adopted from a pulse shaping filter per subcar-
rier, the FBMC system can reduce the overhead 
of guard band required to fit in the given spectrum 
bandwidth, while meeting the spectrum mask re-
quirement. 

Furthermore, the effectively increased symbol du-
ration is suitable for handling the multi-path fading 
channels even without Cyclic Prefix (CP) overhead. 
Consequently, the FBMC system can reduce the in-
herent overheads such as CP and guard-bands in 
CP-OFDM. FBMC is also attractive in specific asyn-
chronous scenarios, including Coordinated Multi-
Point Transmission and Reception (CoMP) and 
Dynamic Spectrum Access (DSA) in a fragmented 
spectrum.

However, to maintain the transmission symbol rate, 
the conventional FBMC system generally doubles 
the lattice density either in time or in frequency com-
pared with OFDM while adopting Offset Quadra-
ture Amplitude Modulation (OQAM). In OQAM, in-
phase and quadrature-phase modulation symbols 
are mapped separately with half symbol duration 
offset. Thus, so-called OQAM-FBMC or Staggered 
Multi-Tone (SMT) causes intrinsic interference that 
makes it difficult to apply conventional pilot designs 
and corresponding channel estimation algorithms 
as well as MIMO schemes as in CP-OFDM systems 
[22]. 

With a base-filter that takes the spectrum confine-
ment and the orthogonality among adjacent sub-
carriers into consideration, the QAM-FBMC system 
performs comparable to the CP-OFDM system 
even without the CP overhead, while the guard-

FD-MIMO system can support high-order Multi-
User MIMO (MU-MIMO), while fully exploiting the 
elevation as well as the azimuth dimension, thereby 
generating improved system throughput.

In full buffer system-level evaluations, it has been 
found that 64-antenna-port FD-MIMO system 
achieves 243% average-cell and 244% cell-edge 
performance gain, compared to those of the 
8-antenna-port legacy MIMO system. In order to 
achieve the promising gain of FD-MIMO in practice, 
we need accurate beam steering and tracking in 
three Dimensions (3D). 

To steer and track the MU beams toward serving 
MSs, FD-MIMO BS should be equipped with mul-
tiple transceivers (TRX) feeding 2D array elements, 
in which the number of TRX doubles or even quad-
ruples compared to that of the conventional BS.

Having a large number of TRX poses new chal-
lenges, such as antenna calibration and complexity 
issues associated with Channel State Information 
(CSI) acquisition and precoding.

On the other hand, high-order MU-MIMO introduces 
another set of new challenges, such as  scheduling 

complexity and link adaptation. Furthermore, in Fre-
quency Division Duplex (FDD) systems, other new 
challenges emerge such as pilot overhead, CSI es-
timation complexity, CSI quantization and feedback 
overheads.
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- FQAM

One of key requirements for 5G is enhancement 
of cell-edge performance, which means that every 
user should be supported with Gigabit experience 
anywhere. Conventional approaches to enhance 
the cell-edge performance mainly focus on man-
aging interference (e.g., interference cancellation, 
interference avoidance), by dealing with interfer-
ence as a Gaussian. However, it is proved that the 
worst-case additive noise in wireless networks with 
respect to the channel capacity has a Gaussian dis-
tribution. From this observation, one can expect that 
the channel capacity can be increased by a non-
Gaussian interference design which makes Inter-
Cell Interference (ICI) non-Gaussian. The distribu-
tion of ICI depends on  the modulation schemes of 
the interfering BSs. Therefore, an active interference 
design for improved cell-edge performance can be 
achieved by applying a new type of modulation. 

FQAM, a combination of Frequency Shift Key-
ing (FSK), and Quadrature Amplitude Modulation 
(QAM) can be used as an active interference design 
scheme. Figure 22 shows the signal constellation of 
16-ary FQAM that is a combination of 4-ary FSK and 
4-ary QAM.

Figure 22    Example of 16-ary FQAM

4-ary QAM 4-ary FSK 16-ary FQAM 

Figure 24    Implemented MS and BS

Figure 23    3 Cell Structure with MS and BSs

BSMS

MS

Control PC

Interfering BS

Desired BS
Interfering BS

Advanced D2D

band overhead reduction is also available from the  
well-confined spectrum. Sophisticated receiver al-
gorithms including channel estimation and equali-
zation can further mitigate the multi-path fading 
channel impact without the CP. 

With FQAM, the statistical distribution of ICI is likely 
to be non-Gaussian, especially for cell-edge users. 
As a result, the transmission rates for the cell-edge 
users can be significantly improved.

The statistics of ICI and the performance enhance-
ment possibility have been proven by practical 
implementation of a system which uses FQAM. 
FQAM system environment for cellular downlink 
OFDMA networks is shown in Figure 23 and 24. 
Our experimental results show that the transmission 
rates for interference-limited users in FQAM-based 
OFDMA networks are around 300% higher than 
those in QAM-based OFDMA networks [23][24].

Advanced D2D communication is an attractive 
technology that enhances spectral efficiency and 
reduces end-to-end latency for 5G. Not entirely de-
pending on the cellular network, D2D devices can 
communicate directly with one another when they 
are in close proximity. Hence, D2D communication 
will be used for offloading data from network so that 
the cost of processing those data and related sign-
aling is minimized. Moreover, enhanced version of 
D2D communication was suggested lately for being 
used as special purpose such as Mission Critical 
Push-To-Talk (MCPTT) communication and Vehicle-
to-Anything (V2X) communication.

In advanced D2D communication, a single radio 
resource can be reused among multiple groups 
which want to communicate with each other if the 
interference incurred between groups is tolerable. 
Hence, we can increase the spectral efficiency and 
the number of the simultaneous connection by utiliz-
ing D2D communication in 5G. Moreover, since the 
data is directly transmitted and not going through 
the core network, the end-to-end latency can be 

Figure 21    One QAM-FBMC Symbol Generation

Spectrum Emission Mask

OFDM Spectrum

QAM-FBMC Spectrum

Well-localized Spectrum
→ Increased BW Efficiency
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Figure 26    User Centric Virtual Cellular Network

Previous Virtual Cell

Updated Virtual Cell

Wireless Backhaul

To achieve significant throughput enhancement 
in a practical manner, it is necessary to deploy a 
large number of cells in a given area and to man-
age them intelligently. The 5G system is expected 
to utilize higher frequencies to take advantage of 
the vast bandwidth in the mmWave bands. Hence, 
the considerably high propagation loss of mmWave 
makes it suitable for dense small cell deployment, 
which leads to higher spatial reuse.

Moreover, Figure 26 shows the concept of a user-
centric virtual cell. Conventional static network to-
pologies with a central controller have an “edge”, 
the reach of the central controller. However, a user-
centric virtual cell that consists of a group of coop-
erating BSs is continuously reformed so that any 
user will always find himself/herself at the “center” 
of the cell.

Distributed and self-configuring network technolo-
gies will make it easy to deploy many small BSs in 
urban and suburban areas. In-band wireless back-
haul can be used between BSs for cooperative 
communication, reducing the cost and complexity 
of backhaul network deployment.  

Advanced Small Cell

considerably reduced. Therefore, advanced D2D 
communication is quite well aligned with IoT servic-
es as shown in Figure 25. The cars can communi-
cate with each other to exchange the information for 
safety alarm and infotainment without cellular base 
station. The home appliances communicate with 
each other for home automation service. Many ob-
jects in proximity region can be connected to each 
other so that IoT services can be accomplished.

4G Cell

Figure 25    Advanced D2D Communications

5G Deployment Scenario  
In order to provide the ubiquitous high QoE gigabit 
accessibility, we envision an overlaid deployment of 
5G in conjunction with the existing 4G macro cells. 
The 5G small cells can be coupled with the overlaid 
4G macro cells, and the 4G macro cells will control 
the operations of the associated 5G small cells, as 
illustrated in Figure 27. In the figure, 5G BS primarily 
provides multi-gigabit per second throughput with 
high QoE to mobile users over the legacy spec-
trum or higher spectrum like the 5 GHz unlicensed 
band and bands above 6 GHz. Meanwhile, the 4G 
BS can serve as a control channel to 5G MSs for 
supporting seamless connection anywhere over the 
legacy 4G spectrum.

5G system will need enhanced RAN technologies 
that not only utilize the legacy frequency bands 
assigned to IMT and IMT-Advanced systems, but 
also use new frequency bands. At the same time, 
5G system will also need to support seamless in-
terworking with other RATs operating in unlicensed 
bands.

Figure 27    5G Deployment Scenario
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As shown in Figure 28, 5G is planned to be com-
mercialized in year 2020. ITU-R WP 5D is preparing 
timelines in the vision document for standardization, 
spectrum allocation, and commercialization, in or-
der to be on time. From the perspective of commer-
cialization, standards for 5G should be ready by the 
year 2017 to allow 2 or 3 years for the development 
of 5G products. Considering average periods of 
previous standardization, 5G standards need to get 
started in 2015 to make 5G standards available by 
the end of 2017.

New frequency bands may be required to achieve 
the target performance of 5G. World Radio com-
munication Conference (WRC)-15 agenda item 1.1   
made in WRC-12 indicates consideration for addi-
tional spectrum allocations to mobile services on a  
primary basis and for identification of additional fre-
quency bands for IMT purposes.

Standardizations and Regulations
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Figure 28    5G Timelines

In light of this agenda item, various frequency rang-
es had been proposed and discussed in ITU-R WP 
5D in July 2013, and Joint Task Group (JTG) 4-5-6-7 
had performed compatibility studies among various 
technologies in each candidate frequency band un-
til July 2014. 

Although bands above 6 GHz were not included in 
JTG 4-5-6-7’s candidate frequency bands, WP 5D 
has been developing a new report on IMT systems 
in bands above 6 GHz, including channel charac-
teristics and the potential usage of the bands for 
IMT systems. 

WP 5D may also provide JTG 4-5-6-7 with the nec-
essary information regarding bands above 6 GHz 
in order to be referenced as appropriate in the draft   
text of Conference Preparatory Meeting (CPM). The 
possibility and further necessity to study the bands 
are captured in the report from JTG 4-5-6-7 to CPM 
as follows: 

“The demand of high bit rate, especially in densely 
populated area could be accommodated in higher 
frequency bands (e.g. above 6 GHz) than those 
currently being considered in studies, however the 
technical information required for compatibility stud-
ies has yet to be developed and these studies and 
proposals are being explored for future work, be-
yond WRC-15.”

This report implies that new frequency bands can 
be added to the IMT frequency bands toward WRC-
19, and it is likely that bands above 6 GHz can be 
one of candidate frequency bands.

In addition, Licensed Assisted Access (LAA) study 
item has been accepted in 3GPP LTE in the second 
half of 2014, acknowledging the use of unlicensed 
bands for cellular system. 

Recently, as FCC relieves 5GHz band regulations 
for various unlicensed band usage, related coexist-
ence technology between LTE and WLAN will be 
standardized in both standards.

Figure 29    Global 5G R&D Activities

5G will usher in a revolutionary generation of mobile 
communication that provides ubiquitous multi-Gbps 
data rate regardless of the user’s location. 

Significantly increased system capacity and real-
time responsiveness of the 5G system will introduce 
life-changing services providing the users with a 
truly immersive and rich experience. The profoundly 
life-alternating world of billions of interconnected de-
vices, the IoT, will require something as revolutionary 
as 5G to be fully realized in its fullest extent. And 
finally 5G promises to reverse the widening revenue 
gap and make it worthwhile for operators and ser-
vice providers to invest again in innovative new ser-
vices, and continue to propel increased productivity 
and efficiency.

Conclusion

Further, as shown in Figure 29, Samsung is actively 
engaging in the most of global 5G research initia-
tives, such as European 5G PPP projects of Hori-
zon 2020, 5G Innovation Centre (5GIC) in UK, NYU 
Wireless Center in US, Giga KOREA project and 
Chinese 836 project.

Samsung is leading various collaborations with in-
dustries and academics over the world. In particu-
lar, Samsung has played an important role as the full 
member of 5G PPP Infrastructure Association, the 
executive board member of 5G Forum in Korea and 
the chair of vision sub-working group for Future IMT 
(5G) in ITU-R WP5D.  

In order to have a consistent perspective on 5G with 
those of other academic institutes, we are vigor-
ously developing 5G core technologies with several 
outstanding universities around the world.
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Record-breaking 1.2Gbps data transmission at over 100km/h, and 7.5Gbps in stationary condi-
tions using 28GHz spectrum

Figure A   Achieved Data Rate in Mobile Condition (1.2Gbps)

Samsung Demonstrates World’s First 5G Data Trans-
mission at Highway Speeds  

SEOUL, Korea – October 15, 2014 – Samsung Electronics Co., Ltd today announced the record-breaking 
demonstration of super-fast data transmission targeted for fifth generation (5G) mobile networks using 28 GHz 
spectrum. Samsung researchers confirmed the world’s first data rate of 1.2 Gbps, or 150 MB per second on 
a vehicle cruising at over 100 km/h. This marks a significant step towards the utilization of millimeter wave fre-
quency bands for 5G mobile networks

In order to achieve such high data rates, 5G networks will inevitably exploit frequencies much higher and less 
congested than those of which are currently used for cellular networks (typically under 3 GHz). However, dif-
ficulties such as large propagation loss at these frequency bands have prohibited the industry from utilizing 
these bands for cellular applications. To address these challenges, Samsung has applied ‘Hybrid Adaptive 
Array Technology’ at 28 GHz frequency bands.

In addition, Samsung has revealed its ‘5G Rainbow’ – seven technical requirements which are pillars to ensure 
a truly differentiating 5G user experience. The list comprises of maximum data rate, spectral efficiency, speed 
of mobility, data transmission rate at the cell boundary, the number of simultaneous connections, communica-
tion delays, and cost. To meet these requirements, Samsung has been developing key technologies includ-
ing transmission technologies for high frequency bands, multiple access schemes and low latency networks 
among others.

The company is committed to developing innovative technologies that will enable the 5G era and plans to dem-
onstrate its capabilities at the upcoming 2018 PyeongChang and 2020 Tokyo Olympics.

The achievement was bolstered by another record-break-
ing demonstration in which Samsung achieved data trans-
mission speed up to 7.5 Gbps, or 940 MB per second 
when the vehicle came to a complete stop. The peak data 
rate is more than thirty times faster compared to the state-
of-the-art 4G LTE technology.

Back in May, 2013, Samsung revealed the world’s first 28 
GHz based 5G data transmission speed of 1Gbps at pe-
destrian speeds. Since then researches at Samsung were 
able to increase the maximum data rate by more than 7-fold 
and support mobility up to highway speeds. The continued 
ground breaking success underlines the company’s lead-
ership in next-generation mobile communications.

“The expectations for 5G communications will con-
tinue to grow based on the rising demands for smart 
devices, cloud services, smart home technology, and 
Internet of Things” , said ChangYeong Kim, Head of 
DMC R&D Center of Samsung Electronics. “We are 
committed to developing innovative 5G technolo-
gies and will continue to utilize our exceptional R&D 
capabilities as well as our diverse partnerships with 
leading companies and research centers around the 
world”.

While 5G standard has yet to be ratified, 5G networks 
are expected to feature data rates and capacity that 
are hundreds times larger compared to 4G LTE. Figure B   Achieved Data Rate in Stationary Condition (7.5Gbps)


