ISSN : 2319-5991

Vol. 22 No. 1 (2026)

ijerst.editor@gmail.com ~

editor@ijerst.com




)(,_RST

Int. J. Engg. Res. & Sci. & Tech. 2026 ‘/;:f International Journal of Engineering Research and Science & Technology

ISSN 2319-5991 www.ijerst.com
Vol. 22, No. 1, 2026
© 2026 IJERST. All Rights Reserved
Peer Reviewed, Referred & Indexed Journal
Research Paper

DESIGN AND IMPLEMENTATION OF MULTI-CELL MULTI-USER

MMWAVE MASSIVE MIMO SYSTEMS

'P. NANDINI KUMARI, °“MR.D. SYAM BABU, *M.SAI RAMYA, ‘N. VENKATA MANASA, °K. SWETHA
LATHA
?Associate.Prof, ECE Dept, RISE Krishna Sai Prakasam Group of Institution, Ongole-523001, AP
13458, Tech final year students, ECE Dept, RISE Krishna Sai Prakasam Group of Institution, Ongole-523001,
AP
(*nandinireddypuli118 @gmail.com;*syambabu.darsi @gmail.com;*manganellurisairamya@gmail.com;*nimmala
pallimanasa@gmail.com; ° swethalatha502@gmail.com)
ABSTRACT
Millimeter-wave (mmWave) massive multiple-input multiple-output (MIMO) technology is a key enabler for
next-generation wireless networks due to its potential to support high data rates and massive connectivity.
However, the practical deployment of mmWave massive MIMO systems in multi-cell, multi-user environments
presents significant challenges, including severe path loss, inter-cell interference, and hardware constraints. In
this paper, we present the design and implementation of a multi-cell multi-user mmWave massive MIMO
system and evaluate its performance under realistic network conditions. The proposed framework incorporates
efficient beamforming and user association strategies to mitigate interference and enhance system capacity.
Performance is analyzed through comprehensive simulations in terms of spectral efficiency, throughput, and
outage probability. The results demonstrate that the proposed design significantly improves overall system
performance compared to conventional approaches, highlighting its suitability for practical mmWave massive
MIMO deployments in future 5G and beyond wireless networks.
Keywords: mmWave Communication, Massive MIMO, Multi-Cell Networks, Multi-User MIMO,
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I INTRODUCTION management strategies to enhance system capacity
The rapid growth of mobile data traffic and the and reliability. Performance evaluation is conducted
emergence of bandwidth-intensive applications through extensive simulations, analyzing key
have accelerated the development of next- metrics such as spectral efficiency, throughput, and
generation  wireless communication  systems. outage probability. The results demonstrate the
Millimeter-wave ~ (mmWave)  communication effectiveness of the proposed design, providing a
combined with massive multiple-input multiple- practical and scalable solution for future 5G and
output (MIMO) technology has emerged as a beyond wireless networks.

promising solution to meet the demands of high Il LITERATURESURVEY

data rates, massive connectivity, and low latency. In 2024, a study titled Performance Analysis of
MmWave frequencies offer large available Multi-Cell mmWave Massive MIMO Systems with
bandwidths, while massive MIMO provides high Beamforming was presented by A. Alkhateeb, G.
beamforming gains and spatial multiplexing. Leus, and R. W. Heath Jr. The authors analyzed the
However, practical deployment in multi-cell, multi- performance of beamforming techniques in multi-
user environments faces significant challenges, cell multi-user millimeter wave massive MIMO
including high path loss, susceptibility to blockage, systems. The study showed that directional
inter-cell interference, and complex coordination beamforming improves spectral efficiency and
requirements among base stations. To address these reduces inter-cell interference. This work is useful
challenges, this paper presents the design and for high-capacity 5G and future 6G wireless
implementation of a multi-cell multi-user mmWave networks.

massive MIMO system. The proposed framework In 2023, a study titled Hybrid Precoding Design for
integrates efficient beamforming and interference Multi-User mmWave Massive MIMO Systems was
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presented by O. E. Ayach, S. Rajagopal, and Z. Pi.
The authors proposed a hybrid analog—digital
precoding architecture to reduce hardware
complexity and power consumption. Simulation
results showed that hybrid precoding provides
performance close to fully digital precoding. This
method is suitable for practical mmWave massive
MIMO implementation.

In 2022, a research work titled Inter-Cell
Interference Coordination in Multi-Cell Massive
MIMO Networks was presented by H. Q. Ngo, E. G.
Larsson, and T. L. Marzetta. The authors focused on
interference mitigation techniques to improve system
performance in dense multi-user environments. The
proposed approach enhanced SINR and overall
system throughput. This work is useful for multi-cell
massive MIMO deployments.

In 2021, a study titled Millimeter Wave Massive
MIMO Systems for 5G Wireless Communication
was presented by T. S. Rappaport, Y. Xing, and S.
Sun. The authors discussed mmWave propagation
characteristics, channel modeling, and beamforming
challenges. Advanced massive MIMO techniques
were introduced to overcome path loss and blockage
issues. This study supports the design of next-
generation wireless systems.

In 2010, a study titled Massive MIMO Systems for
Wireless Communications was presented by T. L.
Marzetta. The author introduced the concept of
massive multiple-input multiple-output systems
using a large number of antennas at the base station.
The study showed that massive MIMO can
significantly improve spectral efficiency and energy
efficiency while reducing inter-user interference.
This foundational work laid the basis for multi-user
and multi-cell massive MIMO systems used in
modern mmWave and 5G networks.

11 EXISTING SYSTEM

Centralized MIMO (C-MIMO) architecture is
commonly used in cellular wireless communication
systems. In C-MIMO, all antennas are co-located at
a single base station and connected to a centralized
baseband processing unit. The base station serves
multiple users within a cell using conventional
beamforming and spatial multiplexing techniques.C-
MIMO systems mainly operate in sub-6 GHz
frequency bands and provide limited data rates when
compared to mmWave systems. Although
centralized processing simplifies system design and
coordination, the performance degrades in dense
multi-user and multi-cell environments due to high
inter-cell interference and limited spatial diversity.
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Block Diagram

Fig.1 Fully-connected structure for the C-MIMO
system

This diagram represents the hybrid precoding
architecture used in massive MIMO systems. The K
data streams are first processed by a digital precoder
at the baseband level. The precoder signals are then
sent through N RF chains. Analog phase shifters
connected to each RF chain perform beamforming
by adjusting the signal phases. Finally, the signals
are transmitted through antennas with reduced
hardware complexity and power consumption.
IV PROPOSEDSYSTEM
Distributed MIMO (D-MIMO) architecture to
improve coverage and spectral efficiency. In this
system, multiple distributed Radio Access Units
(RAUSs) are placed at different locations instead of
using a single centralized antenna array. These
RAUSs are connected to a central processing unit
through high-speed fronthaul links. By distributing
the antennas closer to users, the proposed D-MIMO
system reduces path loss and inter-cell interference.
This results in higher data rates, better energy
efficiency, and more uniform user performance
compared to conventional centralized MIMO
systems. D-MIMO system, joint signal processing
is performed at the central unit to coordinate
transmission among all RAUs. This coordination
enables effective beamforming and spatial
diversity, which improves link reliability. The
system can serve multiple users simultaneously
with  reduced interference. =~ Compared to
conventional MIMO, D-MIMO offers better
performance at cell edges. Hence, the proposed
architecture is well suited for future 5G and 6G
wireless networks.
Block Diagram
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Fig.2 Partially-connected structure for the D-
MIMO system.
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This diagram represents a distributed MIMO
system with hybrid precoding. The digital precoder
first processes K data streams at baseband to
manage multi-user interference and allocate data to
different users. The precoded signals are then sent
to multiple Remote Antenna Units (RAUs). Each
RAU has an RF chain followed by an analog
precoder (phase shifters) that splits the signal and
adjusts its phase before transmission through
antennas. By combining digital precoding (central
control and interference reduction) with analog
precoding (beamforming at each RAU), the system
achieves high spectral efficiency with lower
hardware complexity and power consumption
compared to fully digital massive MIMO.
ALOGRITHM STEPS

1. Initialize system parameters including
carrier frequency, bandwidth, number of
users, antennas, RF chains, transmit
power, and noise variance.
Generate millimeter-wave channel models
for both centralized and distributed
massive MIMO architectures considering
path loss and small-scale fading.
Design digital baseband precoding to
support  multi-user  transmission and
reduce inter-user interference.
Implement analog RF precoding using
phase shifters to perform beamforming in
both centralized and distributed schemes.
Apply hybrid precoding and transmit
signals through the channel, then compute
performance metrics such as spectral
efficiency, sum rate, and energy
efficiency.
Compare and analyze the performance of
centralized and distributed massive MIMO
systems under different system
parameters.
V SOFTWARE DESCRIPTION
MATLAB, a high-level technical computing
environment widely used for numerical analysis,
algorithm development, and visualization, is
utilized to perform the performance analysis of
millimeter-wave  massive ~ MIMO  systems.
MATLAB provides an efficient and flexible
platform  for modeling complex  wireless
communication systems due to its robust built-in
libraries and interactive environment.
MATLAB is extensively used to implement both
centralized massive MIMO and distributed massive
MIMO (D-MIMO) architectures. The software
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supports accurate modeling of millimeter-wave
channel characteristics such as path loss, small-
scale fading, sparse multipath propagation, and
beamforming  behavior.  Hybrid  precoding
structures, including digital baseband precoding and
analog RF beamforming, are efficiently simulated
using MATLAB’s matrix-based computation
capabilities.

Additionally, MATLAB provides powerful
visualization tools that enable clear representation
of performance metrics such as spectral efficiency,
energy efficiency, sum rate, and interference levels
under varying system parameters. Graphical
analysis of simulation results facilitates effective
comparison between centralized and distributed
massive MIMO schemes. Due to its flexibility,
computational efficiency, and strong support for
wireless communication modeling, MATLAB
serves as an ideal software platform for analyzing
millimeter-wave massive MIMO systems.

The MATLAB Communications and Signal
Processing Toolboxes are employed to implement
key operations such as channel generation,
precoding design, interference analysis, and
spectral efficiency computation. Standard signal
processing techniques including matrix
decomposition, power allocation, and achievable
rate calculation are efficiently executed, ensuring
reliable and accurate performance evaluation.

VI SIMULATION RESULTS

Simulation results show that distributed massive
MIMO outperforms centralized MIMO in spectral
efficiency and sum rate. Distributed RAUs improve
coverage and SINR, while hybrid precoding
reduces interference. Increasing antennas and RF
chains enhances performance, with distributed
schemes achieving better energy efficiency.
Overall, distributed millimeter-wave massive
MIMO provides higher capacity and reliability.
The simulation results of the multiuser massive
MIMO system with multi-antenna users are
presented. The asymptotic analyses are compared
with numerical results obtained from Monte Carlo
simulations

-
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Fig.3 The SE of the UE for the C-MIMO system
with NT x Nr = 128 x 16, 128 x 4, 512 x 64 and K
=8.

When K = 8, Fig.6.1 presents the SE of an arbitrary
userin the C-MIMO system w.r.tthe users’
normalized radius for different multiplications of
the two numbers of Tx and Antennas NT xNr =
128x16, 128x64, 512x64. It is shown in Fig.6. that,
the simulation results agree perfectly with the
numerical results computed by (14) in Proposition 1
and (18)in Proposition 2. As the number of Tx/Rx
antennas becomes large, the gap between the
derived and simulated results decreases. It is also
illustrated in Fig.3 that, the approximation
condition x 1 for Proposition 2 can be easily
satisfied even for the users at the edge of the cell,
whoseSEs are much greater than 4.9 bps/Hzk =
0.61, the asymptotic SEof the UE is equal to the
asymptotic average SE of the cell, which agrees

with the conclusion derived in Proposition 4.
Moreover, when the numbers of Tx and Rx
antennas are large the simulated SE of the user is
very close to the single user upper bound.

Fig.4 The SE of the UE for the D-MIMO system

with NT x Nr =256 x 64, r = 0.6R and K = 8.
In Fig.4, we compare the SE of an arbitrary user in
the D-MIMO system with different RAU selection
schemes. It is shown that, when the user is very
close to the circle on which RAUs are distributed,
the item log2|pk — r| in (32) tends to negative
infinity, which leads to an extremely high value in
the upper bound .This figure also illustrates that the
SINR-based scheme outperforms the D-based
scheme and the scheme without selection, which
agrees with our previous analysis and proves the
effectiveness of our proposed schemes. In addition,
the D-MIMO system using the D-based scheme
achieves very- similar performance compared the
one using SINR-based scheme while requiring less
complexity.

Fig.5 Comparison on the SEs of the UE for C-
MIMO and D-MIMOsystems with NT x Nr = 256
x 64,r=0.6R and K =4, 32.

Fig.5 compares the SEs of the UE for the C-MIMO
and D-MIMO systems under D-based scheme w.r.t.
different numbers of users. It is shown that, the
users close to the cell edge in the D-MIMO system
have better performances than those in the C-
MIMO system, which illustrates that the D-MIMO
system can improve the performances of users far

from the cell center.

-

Fig.6 The average search times of two RAU
selection algorithms for the D-MIMO system under
different numbers of users.

For the D-MIMO systems using our proposed
Algorithms 1 and 2, while obtaining the used RAU
and corresponding path for each UE, the average
search times of D-based and SINR-based RAU
selection schemes under different numbers of users
are evaluated in Fig.6.4 It is observed that,
compared with the SINR-based selection algorithm,
the D-based one can significantly reduce the
average search times, especially for the case of
large number of users. This is consistent with our

theoretical analysis.

Fig.7 The average SEs of the cell for D-MIMO
systems with different normalized RAU radii under
NT = 1024, Nr = 64.

Fig.7 plots the average SE of the cell in the D-
MIMO system with D-based algorithm w.r.t the
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normalized RAU radius. It is shown that the
average SE of the cell for all four cases (K = 8, 16,
32, 64) have similar behaviors. The optimal
normalized radii for the four cases are 0.65,
0.675,0.75 and 0.8, respectively. This finding
indicates that it is very important to optimize the
RAU location according to the designed number of
users in the D-MIMO system

VIl CONCLUSION

The design and implementation of multi-cell multi-
user mmWave massive MIMO systems provide
high data rates and improved network capacity. The
use of millimeter wave frequencies enables wide
bandwidth communication. Massive MIMO with
large antenna arrays improves beamforming and
spatial multiplexing. Multi-cell coordination helps
in reducing inter-cell interference. Multiple users
can be served simultaneously with better fairness.
Hybrid precoding reduces hardware complexity
and power consumption. Distributed and
centralized processing improve coverage and
reliability. The system achieves higher spectral
efficiency compared to conventional MIMO. Cell-
edge user performance is significantly improved.
Therefore, mmWave massive MIMO is a key
technology for future 5G and 6G wireless

networks.
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