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ABSTRACT

The issues addressing in 5G (fifth generation) wireless communication systems are reviewed in this
article. The standard 5G radio network protocols are not yet definitely defined. A huge number of studies
with research reports have been published on the subject of 5G systems. According to the basic viewpoint of
radio systems, the adopted radio MMW (millimeter wave), the MIMO (multiple-input multiple-output) beam
forming transmission technique, and the green communication cognitive radio signalling concept are
becoming very hot research topics. This report is based on reviewing the new events for 5G wireless
communications, and aiming at deploying 5G issues for audiences to follow up and peak their interest.
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I. INTRODUCTION

The progress in different mobile wireless
radio system generations has greatly increased the
speed of technological and social change. 4G
wireless communications are quickly follow by the
development of 5G wireless networks. This work
is based on the relevant published research articles
on 5G research issues. A number of papers have
addressed 5G wireless communications issues. In
[1] Gohil et. al. reported on existing research work
in  mobile communications related to 5G
technology. They reminded readers that researches
in 5G are related to the development of WWW
(worldwide wireless web), DAWN (dynamic Ad-
hoc wireless networks) and real wireless
communication. The most important technologies
for 5G are 802.11 WLAN (wireless local area
networks) and 802.16 WMAN (wireless
metropolitan area networks), Ad-hoc WPAN
(wireless personal area network). 5G technology is
designed to make use of mobile phones within a
very high bandwidth. The consumer has yet to
experience technology as valued as 5G. The 5G
technologies include all types of advanced features
that will make 5G technology the most dominant
technology in the near future [1]. Lawson
discussed the next generation  wireless
communications in [2], hinting that there are four
categories of next generation wireless technologies,
typically implemented via chipsets, radio
transceivers and antennas. GSM-based wireless
services include 2.5G general packet radio service;
2.5G enhanced data GSM environment (EDGE);
3G wideband CDMA (WCDMA), used in the
UMTS (Universal Mobile Telecommunications
System); and 3.5G High-Speed Downlink Packet
Access. The technologies mentioned above are all
currently in use except HSDPA, which is in trials.
Analyst Will Strauss said that with forward
concepts, they are forecasting that traditional GSM
sales will be down by 20 percent in units and that
UMTS- and EDGE-based technologies will be
sharply up. "WCDMA, currently deployed in

Europe and Japan, uses a 5-MHz-wide channel,
which is big enough to enable data rates up to 2
Mbps downstream. The technology also increases
GSM’s data rates using higher-capacity CDMA,
instead of GSM’s wusual TDMA, modulation
techniques. However, WCDMA uses different
protocols than CDMA and is thus incompatible
with it. Zheng Wei-Bo, et al., in [3] combined 5G-
next generation mobile multimedia internet and e-
business models to propose a new business model
for mobile business that bring people a new life-
style future. The objective is three-fold. The first is
to propose a theoretical mobile business model
framework for doing business in the future
wireless mobile multimedia Internet era. The
second is to propose a classification scheme for
the mobile business model. The final objective is
to define critical success factors and a platform for
the future factual management questions. The
future  generations of  mobile  wireless
communication networks including 4th, 5th, 6th
and 7th generations are predicted in [4] by the
Xichun Li, et al., The main objective of this paper
[4] is to propose a technical framework for the
future 5G industry. The focus is on the
specifications for future generations wireless
mobile communication networks. Robert Gilmore,
who is faculty with Vice President, Engineering
QUALCOMM Inc.,, in a Plenary Speaker
announces that towards the 5G Smartphone, the
specifications will be with greater system capacity,
more bands, faster data rates, advanced
applications and longer battery life [5]. Chris
Edwards, in [6] describes that the increasing data-
communications density will mean finding a new
spectrum and being as smart as possible about
using existing frequency bands. The mobile
industry and its confederates have already started
down that road with 4G, by introducing small-cell
base-stations or femtocells that work alongside
‘macro cells’, to cover much wider areas. These
very short-range base-stations are designed to be
packed into city streets in dense meshes, possibly
hanging from street lamps or even deployed in



users’ homes where they double up as Wi-Fi
access points. As wavelength is inversely
proportional to frequency, higher frequencies will
make it easier to pack more antennas into the
handset. Although designers are struggling to
squeeze multiple antennas for sub-2GHz bands
into extant designs because of the need to use
structures appropriate for them, the wavelengths
above 20GHz are at least ten times smaller. So-
called ‘massive MIMO’ antennas, such as the 64-
element structure used by Samsung in its 1Gbit/s
transmission over 2km at 28GHz experiment, have
become realistic. As higher frequencies are
introduced for small cells, the industry will have
the opportunity to reallocate spectrum to make the
best use of existing bands. In general, the lower
the frequency, the further it tends to propagate. In
order to review the key 5G mobile communication
technologies, Cantika Felita et al., in [7] present a
framework answering the main question: Which

technological area may contribute to the
innovation?
The answer for last question can be

concluded that innovation opportunities lie in the
research  regarding to  security, network,
technological implementation and applications that
benefit countries, firms, universities and research
institutes intend to contribute to the formulation of
the official 5G standard. Federico Boccardi et al.,
described five technologies in [8], where the issues
could lead to both architectural and component
disruptive  design  changes:  device-centric
architectures, MMW, M- MIMO, smarter devices,

and native support for machine-to-machine
communications. The key ideas for each
technology are described, along with their

potential impact on 5G and the research challenges
that remain. Naga Bhushan, in [9] explores
network densification as the key mechanism for
wireless evolution over the next decade. Network

densification includes densification over space (e.g.

dense deployment of small cells) and frequency
(utilizing larger portions of the radio spectrum in
diverse bands). Large-scale cost-effective spatial
densification is facilitated by self-organizing
networks and intercell interference management.
The authors claim that the full benefits of network
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densification can be realized only if it is
complemented by backhaul densification and
advanced receivers capable of interference
cancellation. In [10] Gerhard Fettweis and TU
Dresden Siavash Alamouti definitely hinted that
the cellular technology has dramatically changed
our society and the way we communicate. First, it
impacted voice telephony, and has been making
consistent inroads into data access applications
and services. However, today the potential
capabilities of the Internet have not yet been fully
exploited by cellular systems. With the advent of
5G we will have the opportunity to leapfrog
beyond current Internet capabilities. The
aforementioned work reports have roughly
presented the perspective and the issues for
addressing the 5G research direction. However,
there are still a huge range of issues not illustrated
here.

In this review paper we try to show some
important issues in 5G radio communications for
follow up to address in future research. The
organization of this paper is therefore as follows:
work reports from the view point of 5G system
configuration are discussed in section Il [11]-[15].
In section Il the MMB (millimetre band)
techniques are illustrated in advanced [16]-[22].
The issues in system parameters for establishing
the 5G are described in section IV [23]-[27]. One
of the important issues in  wireless
communications is the so-called “full channel”
presented in section V [28]-[38]. The conclusion
section is drawn in section V1.

Il. 5G SYSTEM CONFIGURATION

It is known that infrastructure is assigned
with 5 layers for the 5G wireless systems. For
example, the Physical and Medium Access Control
layers i.e., OSI layer 1 and OSI layer 2, are
combined together to define the wireless
technology as shown in Table I. For these two
layers the 5G mobile networks are likely to be
based on Open Wireless Architecture [11]. In [12],
proposed a multi-network data path for 5G real
wireless multimedia world. In order to design this
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Multi-network data path, they proposed a new data
model shown in Figure 1. This model is based on
any two networks overlaying an area. When a
mobile node comes into the overlay area, both of
the two networks can supply services for the
mobile node simultaneously. In this model, the
MN (mobile node) request can go through the first
connection (MN -> BS -> PDSN -> CN) and the
resulting reply can come from the second
connection (CN -> PDSN -> AP -> MN), where
PDSN is packet data service node (PDSN). In
Figure 2, the bandwidth management function is to
install and delete bandwidth monitor components
dynamically, when it receives indication messages
from the mobile IPv6 protocol. The bandwidth
management is located at both ends of the sender
and the receiver. On each path, there is one
bandwidth monitor installed. The bandwidth
monitor function is to monitor the available
bandwidth and calculate the proper transmission
rates on the corresponding path. The current
existing path is informed by the bandwidth
management  after installing/deleting  each
bandwidth monitor. The bandwidth monitor will
provide the rates information when it receives the
current existing path information from bandwidth
management. The bandwidth selection function is
to calculate and report encoding rates to the
encoder, and then IPv6 applications will be
encoded to the appropriate paths. The packet
receiver accepts incoming packets from the
bandwidth monitor, filters and reorders before
sending them to the decoder. Milosavljevic et al.,
hoped to increase the SINR (signal-to-
interference ratio), and enable future networks to
meet MCC (multi-carrier-CDMA) demands. They
proposed self-organized cooperative 5G RANSs
(radio access networks) with intelligent elastic
optical backhauls and the overall 5G network
structure, which are shown in Figures 3 and 4,
respectively. Effective joint optical and radio
resource management is implemented to satisfy
the stringent delay requirements of emerging MCC
applications and increase the overall cell
throughput. In  addition, cellular network

spatiotemporal data are observed, analysed, and
stored constantly during network operations [13].
Shown with the measurement data, Yaniv Azar et
al., in [14] claimed that they presented the world’s
first empirical measurements for 28 GHz outdoor
cellular propagation in New York City.
Measurements were made in Manhattan for three
different base station locations and 75 receiver
locations over distances up to 500 meters. A 400
mega chip-per-second channel sounder and
directional horn antennas were used to measure
propagation characteristics for future MMW
cellular systems in urban environments. This paper
presents measured path loss as a function of the
transmitter - receiver separation distance, the
angular distribution of received power using
directional 24.5 dBi antennas, and power delay
profiles observed in New York City. The
measured data show that a large number of
resolvable multipath components exist in both non
line of sight and line of sight environments, with
observed multipath excess delay spreads (20 dB)
as great as 1388.4 ns and 753.5 ns, respectively.
The widely diverse spatial channels observed at
any particular location suggest that MMW mobile
communication systems with electrically steerable
antennas could exploit resolvable multipath
components to create viable links for cell sizes on
order of 200 m. Moreover, Gerhard Wunder et al.,
in [15] mentioned some challenges in the LTE
design  paradigms of  orthogonality = and
synchronicity within a single cell and within a
single contiguous frequency band. Various
emerging trends reveal major shortcomings of
those design criteria: (1) Fraction of MTC
(machine-type-communications) is growing fast.
(2) Collaborative schemes have been introduced to
boost capacity and coverage CoMP (coordinated
multi-point transmission/reception), and wireless
networks are becoming increasingly more
heterogeneous  following  the  non-uniform
distribution of users. (3) The advent of the Digital
Agenda and the introduction of carrier aggregation
are forcing transmission systems to deal with
fragmented spectrum. The obedience of LTE and



LTE-Advanced to strict synchronism and
orthogonality would become a challenged event. It
will develop new PHY and MAC layer.

I1l. THE MMB TECHNIQUES, SMALL
CELL CONCEPTAND lO0T-BASED 5G
SYSTEM

The MMW small cell concept and loT-
based 5G system technologies are addressed in the
following subsection. Recent studies suggest that
MMW frequencies could be used to augment the
currently saturated 700 MHz to 2.6 GHz radio
spectrum bands for wireless communications [16].
In [17] for announcing that new MMW cellular
systems, methodology, and hardware for
measurements and offer a variety of measurement
results that show 28 and 38 GHz frequencies can
be used when employing steerable directional
antennas at base stations and mobile devices.
Further, the authors mentioned that MMW carrier
frequencies allow for larger bandwidth allocations,
which translate directly to higher data transfer
rates. MMW spectrum would allow service
providers significantly expand the channel
bandwidths far beyond the present 20 MHz
channels used by 4G customers [18]. By
increasing the RF channel bandwidth for mobile
radio channels, the data capacity is greatly
increasing, while the latency for digital traffic is
greatly decreasing, thus supporting much better
internet-based access and applications that require
minimal latency. MMW frequencies, due to the
much  smaller  wavelength, may exploit
polarization and new spatial processing techniques,
such as M-MIMO and adaptive beamforming [19].
The advanced measurement results from the report
[20] present reflection coefficients and penetration
losses for common building materials at 28 GHz
for the design and deployment of future MMW
mobile communication networks. Reflections from
walls and buildings and penetration losses were
measured for indoor and outdoor materials, such
as tinted glass, clear glass, brick, concrete, and
drywall at 28 GHz in New York City. Furthermore,

5.
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the report in [21] gives the measurements for
outdoor cellular channels at 38 GHz made in an
urban environment with a broadband (800-MHz
RF passband bandwidth) sliding correlator channel
sounder. Extensive AOA (angle of arrival), path
loss, and multipath time delay spread
measurements were conducted for steerable beam
antennas of differing gains and beam widths for a
wide variety of transmitter and receiver locations.
Coverage outages and the likelihood of outage
with steerable antennas were also measured to
determine how random receiver locations with
differing antenna gains and link budgets could
perform in future cellular systems. This paper also
provides measurements and models that may be
used to design future 5G MMW cellular networks
and gives insight into antenna beam steering
algorithms for these systems. The same research
group demonstrated a spread spectrum sliding
correlator channel sounder operating at a centre
frequency of 73.5 GHz with an 800 MHz null-to-
null bandwidth and showed the data in [22]. Data
collected and processed from the measurements
shows that strong received power can be achieved
from the multipath-rich indoor environment, in the
presence of multiple obstructions. The data
obtained from this measurement campaign may be
utilized for the design of future fifth generation
MMW indoor cellular systems. To satisfy the
multivendor, virtualized and future-proof HetNet
requirements for 5G standards, an up-to-date cloud
RAN (radio access network) deployment
combined with virtualization based on a CPRI
(common public radio interface) defined split
between the physical network  function
representing a remote radio head and the VNF
(virtual network function) is illustrated in Figure 5.
The key benefits and drivers are 5G configuration
centralization and virtualization with small cell
RAN functionality implemented in the physical
network function component [38].

Reference [39] pointed out that the loT-based
5G networks will be deployed at microwave
frequency ranges where there is a spectrum crunch.
Thus, there are recommendations at the physical
(PHY) layer, such as, (a). Low-cost energy-
efficient  transceiver, (b).  Non-orthogonal
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transmission with hardware imperfections, (c).
Compressive signal processing for massive loT
systems, (d). Spectrum management for wireless
I0T, (e). Cross layer design for end to end system
reliability, (f). Low complexity cooperative
techniques.

I\V. SYSTEM PARAMETERS FOR
ESTABLISHING 5G

It is believed that future generations of access
technologies are challenged by QoE (quality-of-
experience) for the user and continue to raise
traffic in mobile radio networks by 100% per
annum, especially during busy hours. Congestion
will occur increasingly more often, leading to a
much worse QoE for everyone involved.
Increasing the supply side using the improved
spectral efficiency of 5G radio networks cannot
work on its own if demand is increasing faster than
supply. Reference [23] provides models for the
user behaviour based on survey results. It is the
first work to answer questions about what
incentive will lead to what user reaction. Thus, the
authors quantitatively describe the user block in a
system theoretic framework. The results indicate
that shaping user behaviour works well and the
simulation results analysis prove that significant
gains are achievable with UIL (unclamped
inductive loading). The discussion in [24] focuses
on the issue of cooperating BS selection, given
that a set of MTs has been scheduled for
transmission. The authors start observing that most
of existing approaches have been developed for
flat fading channels, or for sets of parallel flat
fading channels, i.e., OFDM transmissions.
However, 3GPP LTE (long term evolution)
standard provides the use of SC-FDMA (single
carrier frequency division multiple accesses). With
this transmission format a single carrier signal is
allocated to a number of subcarriers in the
frequency domain using DFT (discrete Fourier
transform). Reference [25] discusses how next-
generation mobile network capacity, in which

growth could be achieved in a ten-year time frame,
could evolve. Techniques that expect to have the
highest opportunity for increasing the system
capacity and estimate their gains based on analysis
and simulation is pointed out. The authors observe
that the main driver of capacity growth is expected
to come from network architecture advancements,
with heterogeneous networks and the convergence
of information and communication technology
being two of the key techniques. To estimate that
the air-interface evolution is also focused on
improving the link and system spectrum efficiency
but also on facilitating the required network
efficiency improvements. Evaluation of the
potential impact of SIC to different applications as
a function of this vector is held in [26], the
beginning discussion is with applications that
require no standards modification before studying
those that will require 5G standardization. The
authors finish on a more general note, discussing
SIC applications beyond 5G cellular networks.
The conversation frame first discussed the general
architecture of an SIC solution, highlighting the
drivers of performance and integration, and then
begin with applications that can leverage SIC with
absolutely no change or modifications in existing
standards or infrastructure. Among these
applications, we order them beginning with those
employed on the infrastructure side before moving
on to those that can also be employed on the
handset side. Lastly, a conclusion is drawn by
discussing the long-term implications of SIC in 5G,
the impact of different degrees of regulatory
acceptance, and what we believe will be the
inflection points driving standards and spectrum
policy adoption. Because the demand for rich
multimedia services over mobile networks has
increased at a tremendous pace over recent years,
in [27], the authors first study techniques related to
caching in current mobile networks, and discuss
potential techniques for caching in 5G mobile
networks, including evolved packet core network
caching and radio access network caching. A
novel edge caching scheme based on the content-
centric  networking or information-centric



networking concept is proposed. Using trace-
driven simulations, we evaluate the performance
of the proposed scheme and validate the various
advantages of caching content in 5G mobile
networks. Furthermore, we conclude the article by
exploring new relevant opportunities and
challenges. Moreover, there still exist quiet lots of
challenges in the way to approach the
establishment to system designing and testing for
5G system as shown in Figure 6 [40].

V. 5G CHANNEL MODELS/FULL-
DIMENSION MIMO

The high 5G wireless communications
potential data rate capacity gain is highly
dependent on the multipath richness, because a
fully correlated MIMO radio channel only offers
one sub channel, while a completely decorrelated
radio channel potentially offers multiple sub
channels depending on the antenna configuration.
A huge number of researches have explored the
MIMO issue.

All “previously mentioned results were
obtained from the azimuth direction propagation
channel assumption. However, the MIMO-beam
forming signalling evaluation should consider the
elevation direction for wave propagation, i.e., the
vertical direction must be included in channel
model discussions [28]. There is a MIMO channel
situation rewritten as follows. For the next
generation systems, in order to enable system
performance optimization, the technique considers
channels between the antenna elements rather than
between antenna ports. Investigations applying the
use of 3D beamforming usually assume that the
antennas are arranged in a 2D array where each
column contains M antenna elements. There are
exactly K antenna elements per antenna port with
pattern A given using

A 0)=Ge (AR +A(0)), A, } , where
A,=300B, G ,,, =8aBi , and A, (4)=-min[12(4, /g )*, A, |
where (=65 , moreover, where

A,(ﬁ):7min[12(970m,/6’3d8)2,SLAVJ , in which
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stav=30 and ¢,=65 [28]. There are two

situations, choosing k =M in which the number of
antenna ports per column will be equal to M or
setting k =1 considered using the 3GPP group
TSG-RANWGL1. Each column in the situation will
correspond to one port with the same polarization.
Therefore, each column would correspond to two
ports, (one port per polarization), if cross-
polarized elements are used. A weighted sum of
channels with the K elements is assigned in the
element. The channel with a given antenna port is
more formally, the channel between the t-th
receiving antenna and the s-th antenna port
corresponding to the nth path given by
[ Hn ]s,l: z Dantenna H n ]antenna,t

antenna port s

1)

where the sum presented above is performed over
all antenna elements in port s.
Consider a MIMO system employing N,

transmitters and N, receiver antennas equipped
with the receiver signal vector v, ec"* and the
transmit signal vector x, ec™* , respectively.
Normally, the radio MIMO channel is a n, «n,
matrix able to be re-written as

Ht )=[g.() ht 7. 0 V5 ©) |,

x 3, (V) (@, () dQd V¥

where §, and g, are the patterns of the receiving
and transmitting antennas, respectively. g (¥) and
g,(Q) are 2x1 vectors whose entries represent the
vertical and horizontal field patterns, when
polarization is considered. Vectors a,(¥) and & (Q)
are the array responses of the transmitting and
receiving antennas whose entries are given by
(B ()] =exp(ikew Res) 5 [&(V)] =exp(ikey %e)
respectively, and where x., is the location vector
of the i-th receiving antenna whereas x,, is that of
the i-th transmitting antenna. The transmitted
signal power is constricted as the value equivalent
to the number of transmitter antennas.

In the previous work, the authors shed light
on the current 3GPP activity around 3D (three
dimensions) beamforming and FD-MIMO. They

)
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enabled enhancing the understanding of current
industrial challenges as well as indicating the
standard vision for 3D beam forming. Initial
implementations of the 3D beam forming
technology support the potential of this technique
for yielding significant gains in real indoor and
outdoor deployment [29]. One way to exploit the
additional degree of freedom of 3D channels is to
adapt for each user the beam pattern in the vertical
direction, thereby improving the signal strength at
the receiver and at the same time reducing the
interference to other users. The authors were
encouraged by the preliminary results in [30], and
extended the research activity on 3D channel
model carried out by both theoretical researchers
and industrials [31]. In [32] the authors
investigated interference coordination for 3-
dimention (3D) antenna array systems in multi-cell
MIMO and OFDMA (orthogonal frequency
division multiple-access) wireless networks. They
took the specification down tilts of the subscriber
into consideration for the interference coordination
to maximize both the cell-edge users’ and cell
centre users’ throughput. An extension of the
ITU2D channel model to 3D is proposed [33] by
adding a distance dependent elevation spread
based on observations from ray tracing. Through
the observation to the system-level simulation
results, it concludes that the 3D MIMO behaviour
is greatly impacted by the 3D channel model.

The overall development of FD-MIMO (full
dimension MIMO) technology in the context of
next generation evolution towards B4G and 5G
cellular systems is investigated in [34]. FD-MIMO
relies on a large number of antennas placed in a 2-
dimensional antenna array panel at base stations
(BSs). Utilizing the 2-dimensional antenna array,
FD-MIMO simultaneously transmits to a large
number of mobile stations (MSs) -effectively
realizing high order multi-user MIMO (MU-
MIMO) well beyond what is possible today. This
paper discusses the research and standardization
effort in 3GPP to incorporate the features and
performance benefits of FD-MIMO in the next
evolution of LTE standards. In [35], authors

present reflection coefficients and penetration
losses for common building materials at 28 GHz
for the design and deployment of future MMW
mobile communication networks. Reflections from
walls and buildings and penetration losses were
measured for indoor and outdoor materials, such
as tinted glass, clear glass, brick, concrete, and
drywall at 28 GHz in New York City. A 400
Mega-chip-per second sliding correlate channel
sounder and 24.5 dBi steerable horn antennas were
used to emulate future mobile devices with
adaptive antennas that will likely be used in future
MMW cellular systems [1]. Measurements in and
around buildings show that outdoor building
materials are excellent reflectors with the largest
measured reflection coefficient of 0.896 for tinted
glass as compared to indoor building materials that
are less reflective. The focus of [36] is to present
the basic 5G mobile communication system
concept involving Nano antennas in brief and
detailed discussions of THz band Nano antennas.
It covers the basic concept, analysis, design
considerations and effect of various parameters on
the antenna performance. It also discusses the
formation of SPs (Surface Plasmons) at the
interface of metal-dielectrics and the existence of
SPP (Surface Plasmon Polariton) resonances.
Some fundamental indications about wireless
communications beyond LTE/LTE-A (5G),
representing the key findings of the European
research project 5GNOW is proposed in [37]. It
identifies the drivers for making the transition to
5G networks. Just to name one, the advent of the
loT (Internet of Things) and its integration with
conventional human-initiated transmissions creates
a need for a fundamental system redesign. The
paper makes clear the strict paradigm of
synchronism and orthogonality as applied in LTE
prevents efficiency and scalability. Finally, the
report challenges this paradigm and proposes new
key PHY layer technology components such as a
unified frame structure, multicarrier waveform
design including a filtering functionality, sparse
signal processing.



V1. CONCLUSION

An academic viewpoint of 5G wireless
communication systems is discussed in this report.
There are a huge number of studies with research
reports of the issue addressing in 5G wireless
systems. However, on standard protocols of 5G
radio network is still not definitely defined. From
the basic 5G system referred to as 4G+MMW the
adopted radio MMW, the MIMO beam forming
transmission  techniques, and the green
communication concept, even the cognitive radio
signalling, etc. It is known that there are issues
about 5G that will be controversial and intense
topics. Based on reviewing the new events for 5G
wireless communications, the authors in this report
focus on deploying issues for audiences to follow
and focus their attention.
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