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Abstract— This article presents on 5G mobile networks. The 4G
wireless communication systems have been deployed or are soon
to be deployed in all over world . However, with an growth of
wireless services and mobile devices, there are still some
challenges that cannot be accommodated even by fourth
generation, such as high energy consumption and the spectrum
crisis. Wireless network designers have been facing the
continuously increasing demand for high data rates and mobility
required by new wireless applications and therefore have started
research on fifth generation wireless systems that are expected to
be deployed beyond 2020. In this paper, we propose a potential
cellular architecture that outdoor scenarios, separates indoor and
discuss technologies for 5G wireless communication networks,
such as Multiple Input Multiple Output (MIMO). The focus of
the present article is on advanced techniques for higher spectral
efficiency and improved coverage for cell edge users. New
applications with a wide variety of requirements, including
higher user data rates, reduced latency, increased number of
devices, enhanced indoor coverage, and so on .Future challenges
facing these potential technologies are also discussed.
Keywords— Capacity, channel models, multiple-input multiple
output (MIMO), MIMO orthogonal frequency division multiplexing
(MIMO-OFDM), space-time coding, spatial multiplexing ,

I. INTRODUCTION

This article proposes a novel 5G mobile network
architecture  that accommodates the evolution of
communication types, end-user behavior, and technology. The
article first highlights trends in end-user behavior and
technology to motivate the challenges of 5G networks. Some
potential enablers are identified, and design principles for
a 5G network are highlighted. This is followed by the
articulation of a 5G mobile network architecture together with
details of some fundamental technology enablers and design
choices, and a discussion of issues that must be addressed to
realize the proposed architecture and an overall 5G network.
Despite the advances made in the design and evolution of
fourth generation cellular networks, new requirements
imposed by emerging communication needs necessitate a fifth
generation (5G) mobile network. New use cases such as high-
resolution video streaming, tactile Internet, road safety,
remote monitoring, and real-time control place new
requirements related to throughput, end-to-end (E2E) latency,
reliability, and robustness on the network. Furthermore,
several emerging trends such as wearable devices, full
immersive experience (3D), and augmented reality are influencing
the behavior of human end users and directly affecting the
requirements placed on the network. MIMO can provide spatial

Satya Prakash Sinha/?
M.Tech ,ECE department
SRMS CET Bareilly, India

Jolis Gupta &
M.Tech ,ECE department
SRMS CET Bareilly, India

multiplexing gain, diversity gain, and interference reduction
capability. Therefore, it has been viewed as a critical
technique to improve spectral efficiency of future wireless
systems. From the data traffic evolution over the last years,
high capacity demands can be expected for the future
evolution of mobile radio. It is commonly assumed today that
around 2020, a new fifth generation (5G) of mobile networks
will be deployed.
Additionally, future home audio/visual (A/V) networks will
be required to support multiple high-speed high-definition
television (HDTV) A/V streams, which again demand near
1Gb/s data rates. Its challenge faced by WLANs and home
A/V environments as well as outdoor wireless wide area
network (WWAN) systems for fixed /nomadic access is non-
line-of-sight (NLOS) propagation, which induces random
fluctuations in signal level, known as fading. Designing very
high speed wireless links that offer good quality-of-service
(QoS) and range capability in NLOS environments constitutes
a significant research and engineering challenge. In this paper,
we provide a technology, known as multiple-input multiple-
output (MIMO) wireless, that offers significant promise in
making 1Gb/s wireless links in NLOS environments a reality.
This paper has been prepared as Section Il A
Potential 5G wireless Cellular Architecture , Section Il
Building Massive MIMO, Section IV System Capacity And
Data Rate 5G Wireless Technologies, Section V Building
Gigabit Wireless Link, Section VI MIMO-OFDM, Section VII
MIMO result ,Section VIII Advantages and Disadvantage of
MIMO system, , Section IX Conclusion.

Il. APOTENTIAL 5G WIRELESS
CELLULAR ARCHITECTURE

One of the key ideas of designing the 5G cellular
architecture is to separate outdoor and indoor scenarios so that
penetration loss through building walls can somehow be
avoided. This will be assisted by distributed antenna system
(DAS) and massive MIMO technology , where geographically
distributed antenna arrays with tens or hundreds of antenna
elements are deployed. While most current MIMO systems
utilize two to four antennas, the goal of massive MIMO
systems is to exploit the potentially large capacity gains that
would arise in larger arrays of antennas. Outdoor BSs will be
equipped with large antenna arrays with some antenna
elements (also large antenna arrays) distributed around the cell
and connected to the BS via optical fibers, benefiting from
both DAS and massive MIMO technologies. Outdoor mobile
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users are normally equipped with limited numbers
of antenna elements, but they can collaborate with each other
to form a virtual large antenna array, which together with BS
antenna arrays will construct virtual massive MIMO links.
Large antenna arrays will also be installed outside of every
building to communicate with outdoor BSs or distributed
antenna elements of BSs, possibly with line of sight (LoS)
components. Large antenna arrays have cables connected to
the wireless access points inside the building communicating
with indoor wusers. This will certainly increase the
infrastructure cost in the short term while significantly
improving the cell average throughput, spectral efficiency,
energy efficiency, and data rate of the cellular system in the
long run.
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o

— '\?—\3‘@| ‘__\/In‘iternetS
— —
B

Figure 1. A proposed 5G heterogeneous wireless cellular architecture.

The 5G cellular architecture should also be a heterogeneous
one, with macrocells, microcells, small cells, and relays. To
accommaodate highmobility users such as users in vehicles and
highspeed trains, we have proposed the mobile femtocell
(MFemtocell) concept [1], which combines the concepts of
mobile relay and femtocell. MFemtocells are located inside
vehicles to communicate with users within the vehicle, while
large antenna arrays are located outside the vehicle to
communicate with outdoor BSs. An MFemtocell and its
associated users are all viewed as a single unit to the BS. From
the user point of view, an MFemtocell is seen as a regular

BS. This is very similar to the above idea of separating indoor
(inside the vehicle) and outdoor scenarios. It has been shown
in [1] that users using MFemtocells can enjoy high-datarate
services with reduced signaling overhead. The above proposed
5G heterogeneous cellular architecture is illustrated in Fig. 1.

I1l. MASSIVE MIMO

The term massive MIMO has been introduced for
using a much larger number of antennas per site than today. In
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particular, the number of antennas is assumed to be, say, 10
times larger than the total number of streams served to all
terminals in a cell. In this way, significant beamforming gains
become possible, and more users can be served in parallel [4].
MIMO systems consist of multiple antennas at both the
transmitter and receiver. By adding multiple antennas, a
greater degree of freedom (in addition to time and frequency
dimensions) in wireless channels can be offered to
accommodate more information data. Hence, a significant
performance improvement can be obtained in terms of
reliability, spectral efficiency, and energy efficiency. In
massive MIMO systems, the transmitter and/or receiver are
equipped with a large number of antenna elements (typically
tens or even hundreds). Note that the transmit antennas can be
co-located or distributed (i.e., a DAS system) in different
applications. Also, the enormous number of receive antennas
can be possessed by one device or distributed to many devices.
Besides inheriting the benefits of conventional MIMO
systems, a massive MIMO system can also significantly
enhance both spectral efficiency and energy efficiency [2].
Furthermore, in massive MIMO systems, the effects of noise
and fast fading vanish, and intracell interference can be
mitigated using simple linear precoding and detection
methods. By properly using multiuser MIMO (MU-MIMO) in
massive MIMO systems, the medium access control (MAC)
layer design can be simplified by avoiding complicated
scheduling algorithms [3]. With MUMIMO, the BS can send
separate signals to individual users using the same time-
frequency resource, as first pro. Consequently, these main
advantages enable the massive MIMO system to be a
promising candidate for 5G wireless communication networks.

IV. SYSTEM CAPACITY AND DATA RATE 5G
WIRELESS TECHNOLOGIES

In this section, based on the above proposed
heterogeneous cellular architecture, we discuss some
promising key wireless technologies that can enable 5G
wireless networks to fulfill performance requirements. The
purpose of developing these technologies is to enable a
dramatic capacity increase in the 5G network with efficient
utilization of all possible resources. Based on the well-
known Shannon theory, the total system capacity Csum

can be approximately expressed by
H
Cﬁum = z z B{-]ng lHN (l)
HetNets Channels P

where Bi is the bandwidth of the ith channel, Pi is the signal
power of the ith channel, and Np denotes the noise power.
From Eq. 1, it is clear that the total system capacity Csum is
equivalent to the sum capacity of all subchannels and
heterogeneous networks. To increase Csum, we can increase
the network coverage (via heterogeneous networks with
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macrocells, microcells, small cells, relays,

MFemtocell [1], etc.), number of subchannels (via massive
MIMO [5], spatial
modulation [SM] [8], cooperative MIMO, DAS, interference
management, etc.), bandwidth (via CR networks [7], mm
wave communications, VLC [6], multi-standard systems, etc.),
and power (energy-efficient or green communications).

Beyond 2020 mobile networks need to support a
1000-fold increase in traffic relative to 2010 levels, and a 10-
to 100-fold increase in data rates even at high mobility and in
crowded areas. Besides the available bandwidth, high
frequency bands also allow for mMIMO using antenna arrays
with small form factors, which can provide a 10-fold increase
in capacity compared to conventional single-antenna systems
[4]. Nevertheless, high frequency bands suffer from high path
loss attenuation and are limited to line of sight (LOS) and
short-range non- LOS environments. Massive MIMO can be
exploited to extend the coverage of higher frequency bands by
relying on beamforming gains. Advanced physical layer
techniques, such as higher-order modulation and coding
schemes (MCS), such as 256-quadrature amplitude
modulation (QAM), increase spectral efficiency and can be
combined with mMIMO to increase system capacity. By
adding some intelligence at the transmitter and receiver,
potential interference can be coordinated and cancelled at the
receiver to increase system throughput .

V. BUILDING GIGABIT WIRELESS LINKS

The performance improvements resulting from the
use of MIMO systems are due to array gain, diversity gain,
spatial multiplexing gain, and interference reduction. We
briefly review each of these leverages in the following
considering a system with transmit and receive antennas.

A. Array Gain

Array gain can be made available through processing
at the transmitter and the receiver and results in an increase in
average receive SNR due to a coherent combining effect.
Transmit/receive array gain requires channel knowledge in the
transmitter and receiver, respectively, and depends on the
number of transmit and receive antennas. Channel knowledge
in the receiver is typically available whereas channel state
information in the transmitter is in general more difficult to
maintain.

B. Diversity Gain

Signal power in a wireless channel fluctuates
randomly (or fades). Diversity is a powerful technique to
mitigate fading in wireless links. Diversity techniques rely on
transmitting the signal over multiple (ideally) independently
fading paths (in time/frequency/space). Spatial (or antenna)
diversity is preferred over time/frequency diversity as it does
not incur an expenditure in transmission time or bandwidth. If
the transmitter and receiver links composing the MIMO
channel fade independently and the transmitted signal is
suitably constructed, the receiver can combine the arriving
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signals such that the resultant signal exhibits considerably
reduced amplitude variability in comparison to a SISO link
and we get transmitter and receiver diversity. Extracting
spatial diversity gain in the absence of channel knowledge at
the transmitter is possible using suitably designed transmit
signals .

C. Spatial Multiplexing Gain

MIMO channels offer a linear ( transmitter ,receiver)
increase in capacity for no additional power or bandwidth This
gain, referred to as spatial multiplexing gain, is realized by
transmitting independent data signals from the individual
antennas. Under conducive channel conditions, such as rich
scattering, the receiver can separate the different streams,

yielding a linear increase in capacity.

D. Interference Reduction

Cochannel interference arises due to frequency reuse
in wireless channels. When multiple antennas are used, the
differentiation between the spatial signatures of the desired
signal and cochannel signals can be exploited to reduce
interference. Interference reduction requires knowledge of the
desired signal’s channel. Exact knowledge of the interferer’s
channel may not be necessary. Interference reduction (or
avoidance) can also be implemented at the transmitter, where
the goal is to minimize the interference energy sent toward the
cochannel users while delivering the signal to the desired user.
Interference reduction allows aggressive frequency reuse and
thereby increases multi cell capacity.

VI. MIMO-OFDM

So far we discussed signaling techniques for
frequency-flat fading MIMO channels. the basic principles of
MIMO-OFDM, a particularly attractive modulation scheme in
frequency-selective fading channels. We start with the signal
model. Denoting the discrete-time index by , the input—output
relation for the broadband MIMO channel is given by The

L—1 E
= 3\ 2B~ 1]+
=0 -

where y[k] denotes the Mpx | received signal vector,

H;(! = 01,..,L — 1) is the Mp x Mr ma-

trix-valued channel impulse response, s[k] is the Mpx 1

transmit signal vector sequence, and n[f] is the Mpx 1

spatio-temporally white Gaussian vector with

E{n[kn" 1]} = N[k —1].

The computational complexity of ML detection needed for
MIMO-SC modulation is prohibitive, since it grows
exponentially with the bandwidth-delay spread product.
OFDM constitutes an attractive alternative modulation scheme
which avoids temporal equalization altogether at the cost of a
small penalty in channel capacity. Fig. 3 shows a schematic of
OFDM transmission over a SISO channel. An inverse fast
Fourier transform (IFFT) operation is performed at the

noise
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transmitter, following which a cyclic prefix (CP) of
length L containing a copy of the first samples of the parallel-
to-serial converted output of the IFFT block is pre pended. At
the receiver, the CP is removed following which a length N
FFT is performed on the received signal sequence. The net
result is that the frequency-selective fading channel is
decomposed into N parallel frequency-flat fading channels,
each having bandwidth B/N. IFFT/FFT and CP operations
being performed at each of the transmit and receive antennas.
The use of MIMO-OFDM decouples the frequency-selective
MIMO channel into a set of N parallel MIMO channels with
the input—output relation for the i th (i=0,1,2,3,..N-1) tone

given by.Spatial
o [ Es = ~ | «
y.!' = ﬁHiSi + n;

where ¥: is the Mpx 1 received signal vector,

H; = Er‘:_ol H;e—1En/NE g the Mp % Myt frequency
response, S; is the Mpx | transmit signal vector with
E{5;3H} =1y, and 1; is Mpx 1 complex Gaussian noise
with g{ﬁgﬁg}H = Nyl (and uncorrelated across tones).
We note that (30) holds true if the length of the CP satisfies
Lcp > L. The loss in spectral efficiency due to the use of
Spatial multiplexing in MIMO-OFDM systems reduces to
spatial multiplexing over each tone with the choice of receiver
architectures being identical to that for frequency-flat fading
MIMO channels with SC modulation. the bit stream to be
transmitted is first encoded, then modulated and interleaved.
The resulting data symbols to be transmitted are mapped
across space and frequency by a space-frequency encoder. The
receiver demodulates the received signal and estimates the
transmitted space-frequency codeword followed by reinter
leaving and decoding
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VII. MIMO RESULT
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Fig 3The average system spectral efficiency of a CR network as a function of the number
of primary receivers with different values of interference thresholds Q (number of
secondary receivers = 20).
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Fig 4. An illustration of a multi-user capacity region. The sum capacity may
penalize certain users, depending on the shape of the capacity region.
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= devite, the range of operation increases. This allows the area

serviced by a smart antenna to increase. This can provide a
cost saving to network providers as they will not require as
many antennas /base stations to provide coverage. network
providers as they will not require as many antennas /base
stations to provide coverage.

C. Security

Naturally provide increased security, as the signals
are not radiated in all directions as in a traditional Omni-
directional antenna. This means that if someone wished to
intercept transmissions they would need to be at the same
location or between the two communicating devices.

D. Increased bandwidth

The bandwidth available increases form the reuse of
frequencies and also in adaptive arrays as they can utilize the
many paths which a signal may follow to reach a device.

E. Reduced Interference

Interference which is usually caused by transmissions
which radiate in all directions is less likely to occur due to the
directionality introduced by the smart antenna. This aids both
the ability to reuse frequencies and achieve greater range.

F. Complex

A disadvantage of smart antennas is that they are far
more complicated than a traditional antennas. This means that
faults or problems may be harder to diagnose and more likely
to occur.

G. More Expensive

As MIMO system are extremely complex, utilizing
the latest in processing technology they are far more expensive
than traditional antennas. However this cost must be weighed
against the cost of frequency space.

IX. CONCLUSION

In this article, the performance requirements of 5G
wireless communication systems have been defined in terms
of capacity, spectral efficiency, energy efficiency, data rate,
and cell average throughput. A new heterogeneous 5G cellular
architecture has been proposed with separated indoor and
outdoor applications using distributed antenna system and
massive MIMO technology. Some short-range communication
technologies, such as WiFi, femtocell, and mm-wave
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communication technologies, can be seen as
promising candidates to provide high-quality and high-data-
rate services to indoor users while at the same time reducing
the pressure on outdoor BSs. We provided a brief overview of
MIMO wireless technology covering channel models,
capacity, coding, receiver design, performance limits, and
MIMO-OFDM. The field is attracting considerable research
attention in all of these areas. The major feature of MIMO
links for use in wireless network. MIMO exploits the space
dimension to improve wireless systems capacity, range and
reliability. It offers significant increases in data throughput
and link range without additional bandwidth or increased
transmit power.
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