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ABSTRACT With the rapid increase in the development of a cellular communication system, remote health
monitoring and smart health care are improving and getting through a swift transformation. Currently,
we are utilizing the advance long term evolution (A-LTE) network to support the modern health care.
Nevertheless, smart hospital/health concern is not fully evolved all around the world. The rollout of the
fifth generation (5G) will improve the standard of the smart health care. However, requirements of a
smart hospital will be different as compared to other applications such as education, industries, and the
public. The smart hospital will be connected 24/7, with several small devices integrated with the sensors.
In simple words, the future smart hospital will be based on the 5G and the internet of things (IoT), expected
to augment the system coverage, effectiveness, and throughput of the system. Further, high speed, low
latency, spectral efficiency, and low energy consumption are the requirements of the 5G based modern
hospital. In this correspondence, we focused to improve the latency, spectrum, and throughput of the
5G network by implementing a hybrid detection technique based on the QR decomposition and the M
algorithm-maximum likelihood detection (QRM-MLD) and beamforming (BF) for massive multiple-input
multiple-output (MIMO) and non-orthogonal multiple access (NOMA) system. In addition, a comparison
between the proposed and conventional detection techniques is presented. The proposed hybrid detection
technique improves the throughput of the system and reduces the computational complexity as compared to
the conventional QRM-MLD algorithm, conventional BF and zero-forcing (ZF) techniques on the platform
of several parameters i.e. complexity, bit error rate (BER), peak power, etc.

INDEX TERMS 5G, smart hospital, PAPR, detection technique, latency.

I. INTRODUCTION
Medical health care is one of the important concerns of
the present world. The lack of proper infrastructure, poor
health care legislation, and insufficient resources, create
a worry regarding the quality of service in health care.
At the same time, it is assumed that the electromagnetic
wave generated from the mobile towers is harmful and may
cause several deadly diseases in human beings. Researchers,
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academicians, and engineers are trying to utilize the mobile
service in health care but so far, it is failing due to several
reasons such as poor network coverage, high latency, lack
of spectrum, and low data speed. It is a fact that technology
can play an important role to improve the health care system.
The emerging technologies in the fifth generation (5G) and
beyond 5G (B5G) systems such as the internet of things
(IoT), massive multiple-input multiple-output (MIMO), and
smart antennas are being planned to upgrade the health care
service and to reduce the patients’ struggle while reducing the
budget expenses payable in medical care. Since several users
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will be accessing the network 24/7 in the same geographical
area, several challenges will be highlighted such as the high
bandwidth, the data rate in the range of Gbps, and the
low latency. The routine and necessities of the peoples are
altering every time, as they need 24/7 mobile accessing.
Any change in mobile will lead to a change in the society.
The implementation of 5G technologies will act as an
important path in enhancing smart health care performance.
The 5G can help to extend the remote health monitoring
by developing an optimized modern health care scheme.
The health requirements will be different as compared to
public demands. Secured network, better access to remote
areas, better network coverage, and low latency will be
the key issues in designing a network for smart health
care. The application related to smart health-commerce will
boost and go into further mobile. The improvement of
latency and stability is considered to be crucial to back
the services affiliated with health monitoring services. High
data rate in terms of Gigabyte should be assured with an
immense accessible service. In addition, proper spectrum
management is needed to back the huge number of devices.
The key value is to gratify the above-mentioned demands
and handle the expanding budget of the technology. As per
the METIS, it is concluded that the design of single new
radio access technologies (RAT) will not able to entertain
all the new demands. Hence, it is important to integrate the
5G system with existing technologies [1]. The quality of
5G services and applications depend on the development
of the infrastructure. The cost involves during the design
of advanced network infrastructure is one of the major
challenges, which demand to be cut as much as possible. The
authors presented a comprehensive study on 5G networks and
advanced technologies, which will play a crucial role during
the rollout of smart hospitals. The presented work analyses
the integration of innovative technologies with the 5G, for
different applications such as health care, industry, remote
monitoring, and so on. Further, the article provides details
of the 5G projects implemented or ongoing in the universe.
Finally, it was concluded that the 5G network alone may
not help to achieve the vision of a smart hospital. Hence,
it becomes a major concern to integrate the 5Gwith advanced
and existing technologies [2]. In this work, it was concluded
that the 5G as an independent network cannot deliver the
promised health services. Hence, the 5G will be a network
of networks; it simply means an advanced radio, which is
compatible with the existing radio [3]. In this work, the
authors proposed a novel architecture which can be utilized
in an advanced wireless network. The suggested architecture
will manage the allocation of resources, interference issue
among the existed and advanced radios. Further, it was also
concluded that the functioning of the 5G network-based
health care will depend on different types of services [4].
In addition, a comprehensive review of the role of 5G
technologies in modern health care is presented. It is also
seen that the 5G communication system is already being
practiced in China Hospital of Sichuan University. Hence,

it is concluded that the role of 5G in improving health care
is not just an illusion but a reality [5]. Medical health care
is a huge problem in developing countries, especially in
remote areas. The progress in wireless telecommunication
has improved medical health care in many aspects such as by
reducing a patient struggle through remote health diagnoses
involve in traveling from the remote areas for modern health
care centers and also ensuing to receive proper health care
without paying huge amounts of money. The remote health
monitoring needs a high data-rate, low latency, and high
spectrum in order to utilize the medical resources from the
high standard hospital. The proposed work introduced a novel
health care system integrated with cognitive resource and
the 5G data model. The requirements of the former model
are low latency, high-speed data, and stability. Similarly,
the latter model is dependent on a big data evaluation of
patent health [6]. Non-orthogonal multiple access (NOMA)
waveforms are one of the superior candidates for the 5G
network as it enhances the spectral performance by spreading
the consumer multiple domains. It is implemented by using
a successive interference cancellation (SIC) and a super
coding (SC) technique at the transmitter and receiver. MIMO
is since the third generation (3G) communication system [7].
Massive-MIMO will be used in the 5G network, as it
significantly improves the throughput of the system by
utilizing a massive number of aerials at the sender and the
receiver terminal. The large number of antennas improves
the spectral efficiency, the data- rate and the latency which
are essentials of the smart hospital [8]. We proposed a
combination of the MIMO-NOMA system for the 5G
network. The integration between the MIMO and the NOMA
will increase the performance of the system. At the receiver,
it is necessary to use some suitable technique to find the
desired signal for individual antenna elements out of the
envelope of receiving signals. This process is known as signal
detection. It is a very crucial task for a multiple antenna
system, especially for a system that is fortified through a huge
amount of aerials at the base location. The use of detection
techniques is significantly increasing the computational
complexity of the system [9]. The QR M based maximum
likelihood detection (QRM-MLD) algorithm is regarded as
one of the ideal detectors for massive MIMO system. The
efficiency of projected hybrid detector is comparable to the
QRM-MLD arrangement. In the present work, the channel
matrix is divided into uphold triangular matrix (R) and
orthogonal matrix (Q). Though, the Q and R have limited
consequence on the detected signals since a composite signal
corresponding to the transposed of the period of the channel is
multiplied by signals communicated by all aerial. Henceforth,
the hybrid QRM-MLD and beamforming (QRM-MLDBF)
has obtained ideal effectiveness through decoding methods.
It is understood that the efficiency of the hybrid detector
enhanced with huge amount of signals and vice versa. The
detection Process of projected detector is identical to the
parallel detection methods. Therefore, the detection delay
is reduced in the QRM-MLD. Several detection techniques
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were explored and analyzed [10]. The QRM-MLD method
for the massive-MIMO structure is projected. The simulation
outcomes show the deprivation of bit-error-rate (BER)
performance with trivial improvement in the complexity of
the system [11]. The authors proposed an ML-QR detection
scheme based on a serial communication, utilizes an extra
survival symbol to improve the BER and complexity perfor-
mance of the system. However, the increased delay time is
considered as a drawback of the recommended scheme [12].
In this work, the authors investigated the performances of
several detection techniques on 802.11ac. The simulation
outcomes divulge that the lattice-reduction aided minimum
mean square error-successive interference cancellation (LR-
MMSE-SIC) significantly improved the power gain of the
structure as compared to conventional techniques [13]. The
authors introduced a QRM-MLD method for the MIMO
scheme. The performance of the suggested technique is
examined and equated to the traditional QRM-MLD and
ML techniques. The experimental outcomes divulge that the
BER of the projected and conventional QRM-MLD detection
scheme is identical. However, complexity is slightly reduced
in the proposed technique [I4]. With the increase in demand
from the operators, industry, subscribers, the next-generation
technologies are developing at a faster rate. It is expected
that the 5G network will not be available due to different
services and applications. Hence, 5G networks based smart
hospital may not achieve the required latency. However,
the current cloud architecture is specially designed for the
5G network. The integration of other technologies with
the 5G network for medical employments will in-flats the
performance of 5G in health care, is somewhat ambiguous,
and cannot be ignored. To overcome the hurdles of the
5G network, the sixth generation (6G) network can be
introduced, providing excellent services and applications in
all sectors. Though, the idea of the 6G will become reality,
if 5G fails to redeem its promises [15].

In this work, a hybrid signal detector based on the QRM-
MLD-BF is employed. The detection is achieved in two steps.
In the first step, the QRM applied to reduce the error of
the system. In the next phase, the Bf technique is applied to
reduce the complexity of the system. Further, we observed
and compared the enactment of the low complexity proposed
hybrid detection technique and conventional techniques for
the Massie-MIMO-NOMA structure. The main contribution
of the presented article is given as:
• The estimation of the Q is monotonous which includes
several multiplications and convolutions. In this work,
computational complexity has been reduced by directly
multiplying the output vectors.

• The QRM-MLD-BF is compared to the conventional
detectors and it is seen that the novel QRM-MLD
detector is projected to reduce the complexity, the BER
and the PAPR values of the system.

• The projected QRM-MLD-BF detectors enhanced
latency of the massive MIMO system, which is one of
the requirements of the 5G based smart health care.

TABLE 1. Technical concerns for smart hospital [16], [17].

TABLE 2. Anticipation from 5G employments for smart health
care [18], [19].

The improvement of latency and stability, considered
to be crucial to back the services affiliated with health
monitoring services

Table 1 and Table 2 indicate the technical requirements of
future smart hospital and anticipation from 5G employments
for smarter health care.

II. PROPOSED SYSTEM MODEL
The projected hybrid detection model is designed to detect
the signal is given in Fig.1. It is the latest frequency domain
detection scheme, which integrate the QRM-MLD and the BF
detection methods. Table 3 indicates the symbols used in the
present work. Table 3 indicate the symbol used in the present
work:

The arrangement of the QRMwith beamforming outcomes
in improved efficiency owing to MIMO schemes and
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FIGURE 1. Proposed model.

TABLE 3. Symbols.

horizontal fadding is attained due to the NOMA [20].
A frequency discerning NOMA signal is given as:

W (k) = h(0)y(k)+ h(1)y(k − 1)

+ · · · + h(K − 1)y(k − K + 1)+ N (k) (1)

y(k) is the transmitted vector at a time (t), y(k-1) is
the transmitted vector at time (t-1), and h(k) and N(k)
are the channel respons (NxM matrix) and the distortion,
respectively. In a frequency discerning channel, the inter sym-
bole interference (ISI) arises among existing and preceding
communicated signals. This obstacle can be eliminated by
utilizing the inverse fast Fourier transform (IFFT) and the SC
operation of the transmitting aerial. The The N-parallel flat
fading NOMA symbol for nth sub-carrier is:

W (0) = h(0)y(0) (1.1)

W (1) = h(1)y(1) (1.2)

The NOMA signal with delay is:

W (N − 1) = h(N − 1)− y(N − 1) (1.3)

In general,

W (k) = h(k)y(k)+ N (1.4)

W(k) is the received frequency domain NOMA signal by a
QRM and beamforming detector is for detection of vector
y(k). The response of the channel is given as:

H =

 h00+ · · ·+hM−1,0...
...
...

h0,N−1+ · · ·+hM−1,N−1



y∧1 (k)
y∧2 (k)
...

y∧N (k)

+ [n] (2)

The rank of the matrix (H) can be written as

R =

 H1rank(N ) · · · H1rank(1)
...

. . .
...

HN rank(N ) · · · HN rank(1)

 (3)

The rank (m) represents the channel. Utilizing (2),
the NOMA signal at the receiver is given as:

W∧(k) = h(k)y∧(k)+ N (k) (4)

y∧(k) is the form of y (k). The channel equation is given as:

h (k) = V (k) ∗ Bm(k), known as QRM (5)

where V (k) and Bm (k) are the unit element matrix and the
braiding matrix, respectively. TheW (k) is given by

W (k) = V (k) ∗ Bm(k) ∗ y(k) = Bm (k) y∧(k)+ N (k) (6)

The distortion can be expressed as:

N (k) = V∧(k) ∗
σ

n
(k) (7)

The equation (6) can be written as:
W1 (k)
W2 (k)
...

W (k)

 =

B11 . . .B1m
0 . . .B2m
...

...

0 . . .Bnm



y∧1 (k)
y∧2 (k)
...

y∧N (k)

+

N∧1 (k)
N∧2 (k)
...

N∧m (k)

 (8)

The QRM-MLD sensed signal ( Ȳ ) is given by:

Ȳ =
∥∥w∧(k)− Bm(k)y∧(k∥∥2 (9)

From (9), it is established that the QRM-MLD efficiently
enhances the BER performance, but the complexity of
the system is high. In the second step, we introduced a
beamforming technique to moderate the complication of the
method. It multiplies the symbol transmitted by antenna
with the phase inversion of the channel. The low complexity
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TABLE 4. Complexity.

beamforming received signal is made by:

Z̃ (k) =
[
h1 (k) h2(k) h3(k) . . . . . . . . . hNT (k)

]


e−iθ1

e−iθ2

e−iθ3

.

.

.

e−iθNR



×



ȳ1(k)
ȳ2(k)
ȳ3(k)
.

.

.

ȳNR(k)


+ n (10)

Thus, the received signal is:

Z̃ (k) =
(
|h1 (k)| + |h2 (k)| + · · · +

∣∣hNR (k)∣∣) ∗ Ȳ (k)+ n
(11)

The BF detected symbol (z̄) is estimated mathematically as:

z̄ = Z̃ (k)+
n(k)

(|h1(k)| + |h2(k)| + · · · +
∣∣hNR(k)∣∣) (12)

In order to reduce the complexity, we utilize (10) to select
M antennas for the modulated signals. Mathematically, it is
expressed as:

S1.c = Q
(

1
B1,1

(
Z̃ (k)−

∑M

i=2
B1,iSi,c

))
(13)

The Q function estimates the contiguous constellation point.

III. COMPLEXITY
The convolution obligatory for the detection is understood
as a complexity in the projected method, indicated by
Table 3 [21], [22].

IV. PERFORMANE OF PROPOSED MODEL
The afflictions of the QRM-MLD identification is the lengthy
dormancy that happens because of the sequential preparation
of the symbols [23], [24]. The QRM-MLD recognition plot
is executed with equal preparation that sizes of the dormancy
and unpredictability. The objective of the hybrid method is
to identify the number of NOMA symbols. The projected
method estimates the rank of y^(k). The additional means to
determined positi on W^(k) subsequently QR deterioration
and QR revision. The positioning strategy for the channel is
shown in Fig. 2.a. The rank of every segment is specified
by the circles that are distributed in like manner to all
squares. The quantities of squares are organized descending
way beginning from the rightward cross. The hover of dark,
white, and dim shows the relative force. The intensity of the
dark circle is more noteworthy than white and dim. In the
following stage, the triangular framework Z̃ (k) is changed
over into flight of stairs lattice. This is accomplished by
taking out the Z̃ (k) by utilizing the Gauss-Jorden disposal
strategy. The equal recognition decides the progression of
flight of stairs lattice. In other words, the flight of stairs
network step relies upon the number of squares: for instance,
when 4 and 2 squares are utilized then Z̃ (k) is given in Fig.2a,
2.b and Fig. 2.c which are free of one another.

Let us consider a 4 × 4 matrix. The rank of H (k) may be
defined as:
H1,Rank(4)(N ) H1,Rank(1)(N ) H1,Rank(3)(N ) H1,Rank(2)(N )
H2,Rank(4)(N ) H2,Rank(1)(N ) H2,Rank(3)(N ) H2,Rank(2)(N )
H3,Rank(4)(N ) H3,Rank(1)(N ) H3,Rank(3)(N ) H3,Rank(2)(N )
H4,Rank(4)(N ) H4,Rank(1)(N ) H4,Rank(3)(N ) H4,Rank(2)(N )


(14)

Hence the received signal is given by:
Z̃ (k)4
Z̃ (k)1
Z̃ (k)2
Z̃ (k)3

=

H11 (N ) H12 (N ) H13 (N ) H14 (N )
0 H22 (k) H23 (N ) H24 (N )
0 0 H33 (N ) H34 (N )
0 0 0 H44(N )



×


z̄4 (K )
z̄1 (K )
z̄2 (K )
z̄3 (K )

 (15)

Therefore, H13 (N ) and H23 (N ) are removed by z̄2 (K ) and
subsequentlyH14 (N ) andH24 (N ) are removed by the z̄3 (K ).
The NOMA signal receive by the BF is given by:
z̄4 (K )
z̄1 (K )
z̄2 (K )
z̄3 (K )

=

H11 (N ) H12 (N ) 0 0
0 H22 (N ) 0 0
0 0 H33 (k) H34 (N )
0 0 0 H44(N )



×


Z̃ (k)4
Z̃ (k)1
Z̃ (k)2
Z̃ (k)3

 (16)
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FIGURE 2. a. M × T matrix. b. improved T for four sub-blocks. c. improved
T for two sub-blocks.

From equation (15), it is noted that the signals are individually
detected:

[
z̄4 (K )
z̄1 (K )

]
=

[
H11 (N ) H12 (N )
0 H22 (N )

] [
Z̃ (k)4
Z̃ (k)1

]
(17)[

z̄3 (K )
z̄2 (K )

]
=

[
H33 (N ) H34 (N )
0 H44 (N )

] [
Z̃ (k)3
Z̃ (k)2

]
(17.1)

TABLE 5. Simulation parameters.

Therefore, the NOMA signals
z̄4 (K )
z̄1 (K )

and
z̄3 (K )
z̄2 (K )

are identi-

fied instantaneously in the double stage.

V. SIMULATION RESULTS
The projected work is simulated by using the Matlab-
2014b. The proposed work focuses to simulate the hybrid
and conventional signal detection techniques to improve
the latency performance and the computational complexity.
Simulation parameters are specified in Table 5.

The complexity of the conventional QRM-MLD is (2+
6M) C real convolutions [14]. The complexity of the hybrid
techniques is (2 + 4C) M real convolutions. From (10),
it is concluded that simply M divisions are deliberated
as a replacement for the MC. The division by B1,1 was
not calculated since this process can be escaped. The
assessment margins of a constellation points have only
needed to be convolved by B1,1 real factor. For 16 × 16
256-QAM NOMA, the requirement of real multiplications
of hybrid technique is 16416 and conventional QRM-MLD
is 25088. For 16 × 16.256-QAM NOMA, the requirement
of real multiplications of hybrid technique is 65663 and the
conventional QRM-MLD is 98816. Similarly, multiplication
requirements for the BF are 36896, 36896 and ZF 102400,
397312, for 16 × 16 and 64 × 64 NOMA system [25], [26].
The BER performance of the different detection techniques
for Massive-MIMO-NOMA structure is indicated in Fig.3.
We have considered a 16 × 16 antennas at the transmitter
and receiver part of the system and applied following
detection techniques such as: (a) the hybrid (QRM-MLD-
BF), (b) the conventional QRM-MLD, (c) the conventional
BF and (d) ZF. At 10−3 BER, the proposed hybrid technique
achieved a power gain of 12 dB, as equated to the 14 dB
in the QRM-MLD, 18 dB in the conventional BF and
24 dB in the ZF. Hence, it is established that the suggested
hybrid techniques achieved a minimum 2 dB power gain.
In directive to further enhancement in the BER performance
of detection techniques, we have considered 64×64 antennas
at the transmitter and receiver part of the 256-QAM-NOMA
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FIGURE 3. SNR vs BER 64-QAM.

FIGURE 4. SNR vs BER 256-QAM.

system. Figure 4 shows that the proposed hybrid technique
achieved a better error performance as paralleled to the other
detection techniques. At BER of 10−3, the proposed hybrid
technique achieved a power gain of 6.2 dB, as compared to the
7.1 dB using the conventional QRM-MLD, 7.8 dB using the
conventional BF and 9 dB using the ZF. Hence, the proposed
technique achieved an approximately 1dB gain. However, it is
also noted that the performance of the detection techniques
for 64×64-NOMA is better than the 16× 16-NOMA system.

The peak to average power ratio (PAPR) performance of
the detection techniques for 16 × 16-NOMA system is
given in Fig.5. At the CCDF of 10−3, the proposed hybrid
techniques reduce the PAPR to 7.4 dB as compared to the
8.6 dB conventional QRM-MLD, 9 dB conventional BF
and 9.7 dB ZF. Similarly, PAPR performance of detection
techniques for 64×64NOMA is shown in Fig.6. At the CCDF
of 10−3, the proposed hybrid techniques reduce the PAPR
to 4 dB as compared to the 6 dB conventional QRM-MLD,
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FIGURE 5. 16 × 16 SNR vs PAPR.

FIGURE 6. 64 × 64 SNR vs PAPR.

7.5 dB, conventional BF and 9 dB ZF. However, it is
concluded that the 64×64 NOMA gives a better performance
than 16× 16 NOMA.

VI. CONCLUSION
The utilization of advanced technologies in smart hospital
will reduce the time and cost involve in travelling from
remote area to a standard hospital in town. It is predicted
that the 5G technology will be utilize in almost all sectors
like: hospital, education, industries, public and so on. The
5G network can attain the smart health care requirements by

designing a cyber-system (also called healthcare 4.0). The
5G network has seen the needs of smart health care and IoT.
The features of the 5G such as: low latency, seamless and
deterministic network, smart spectrum policies make the 5G
an important technology to sanction smart hospital with the
IoT. In this article, we proposed a hybrid detection technique
for the 5G network to improve the throughput and the
computational complexity as compared to the conventional
detection techniques.We investigated and established that the
proposed low computational technique has enhanced the BER
and the PAPR performance, and reduced the computational
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complexity at the same time. It is also noted that the
throughput of the scheme is boosted by increasing numbers
of antennas at the transmitter and the receiver terminals.
However, the complexity is also increased with increasing
antennas.

REFERENCES
[1] A. Kumar andM. Gupta, ‘‘A review on activities of fifth generation mobile

communication system,’’Alexandria Eng. J., vol. 57, no. 2, pp. 1125–1135,
Jun. 2018.

[2] M. H. Alsharif, R. Nordin, and M. Ismail, ‘‘Intelligent cooperation
management of multi-radio access technology towards the green cellular
networks for the twenty-twenty information society,’’ Telecommun. Syst.,
vol. 65, no. 3, pp. 497–510, Jul. 2017.

[3] M. H. Alsharif and R. Nordin, ‘‘Evolution towards fifth generation (5G)
wireless networks: Current trends and challenges in the deployment of
millimetre wave, massive MIMO, and small cells,’’ Telecommun. Syst.,
vol. 64, no. 4, pp. 617–637, Apr. 2017.

[4] M. H. Alsharif, A. H. Kelechi, M. A. Albreem, S. A. Chaudhry, M. S. Zia,
and S. Kim, ‘‘Sixth generation (6G) wireless networks: Vision, research
activities, challenges and potential solutions,’’ Symmetry, vol. 12, no. 4,
p. 676, Apr. 2020.

[5] D. Li, ‘‘5G and intelligence medicine—How the next generation of
wireless technologywill reconstruct healthcare,’’Precis. Clin. Med., vol. 2,
no. 4, pp. 205–208, Dec. 2019, doi: 10.1093/pcmedi/pbz020.

[6] M. Chen, J. Yang, Y. Hao, S.Mao, andK.Hwang, ‘‘5G cognitive system for
Healthcare,’’ Big Data and Cognitive Computing, vol. 1, no. 2, pp. 1–15,
2017, doi: 10.3390/bdcc1010002.

[7] A. Kumar, ‘‘A novel hybrid PAPR reduction technique for NOMA and
FBMC system and its impact in power amplifiers,’’ IETE J. Res., pp. 1–17,
Oct. 2019, doi: 10.1080/03772063.2019.1682692.

[8] A. Kumar, ‘‘Design and simulation of MIMO and massive MIMO for 5G
mobile communication system,’’ Int. J. Wireless Mobile Comput., vol. 14,
no. 2, pp. 197–207, 2018.

[9] I. Baig, N. ul Hasan, M. Zghaibeh, I. U. Khan, and A. S. Saand, ‘‘A DST
precoding based uplink NOMA scheme for PAPR reduction in 5G wireless
network,’’ in Proc. 7th Int. Conf. Model., Simul., Appl. Optim. (ICMSAO),
Apr. 2017, pp. 1–4.

[10] M. H. Siddiqui, K. Khurshid, I. Rashid, A. A. Khan, and K. Ahmed,
‘‘Optimal massive MIMO detection for 5G communication systems
via hybrid n-bit heuristic assisted-VBLAST,’’ IEEE Access, vol. 7,
pp. 173646–173656, 2019.

[11] A. Kumar, ‘‘Detection in 5G mobile communication system using hybrid
technique,’’Nat. Acad. Sci. Lett., pp. 1–4,Mar. 2020, doi: 10.1007/s40009-
020-00962-8.

[12] M. A. Albreem,M. Juntti, and S. Shahabuddin, ‘‘MassiveMIMO detection
techniques: A survey,’’ IEEE Commun. Surveys Tuts., vol. 21, no. 4,
pp. 3109–3132, 4th Quart., 2019.

[13] R. P. F. Hoefel, ‘‘IEEE 802.11ac: Performance of MIMO detectors based
on list detection and/or lattice reduction techniques with hard-decision
viterbi decoding,’’ in Proc. Wireless Telecommun. Symp. (WTS), Apr. 2015,
pp. 1–8.

[14] B.-S. Kim, S.-D. Kim, D. Na, and K. Choi, ‘‘A very low complexity
QRD-M MIMO detection based on adaptive search area,’’ Electronics,
vol. 9, no. 5, p. 756, May 2020, doi: 10.3390/electronics9050756.

[15] F. Rusek, D. Persson, B. Kiong Lau, E. G. Larsson, T. L. Marzetta, and
F. Tufvesson, ‘‘Scaling up MIMO: Opportunities and challenges with
very large arrays,’’ IEEE Signal Process. Mag., vol. 30, no. 1, pp. 40–60,
Jan. 2013.

[16] S. Wu, L. Kuang, Z. Ni, J. Lu, D. Huang, and Q. Guo, ‘‘Low-complexity
iterative detection for large-scale multiuser MIMO-OFDM systems using
approximate message passing,’’ IEEE J. Sel. Topics Signal Process., vol. 8,
no. 5, pp. 902–915, Oct. 2014.

[17] S. K. Mohammed, A. Zaki, A. Chockalingam, and B. S. Rajan,
‘‘High-rate space–time coded large-MIMO systems: Low-complexity
detection and channel estimation,’’ IEEE J. Sel. Topics Signal Process.,
vol. 3, no. 6, pp. 958–974, Dec. 2009.

[18] P. Som, T. Datta, N. Srinidhi, A. Chockalingam, and B. S. Rajan,
‘‘Low-complexity detection in large-dimension MIMO-ISI channels using
graphical models,’’ IEEE J. Sel. Topics Signal Process., vol. 5, no. 8,
pp. 1497–1511, Dec. 2011.

[19] S. Chen and J. Zhao, ‘‘The requirements, challenges, and technologies
for 5G of terrestrial mobile telecommunication,’’ IEEE Commun. Mag.,
vol. 52, no. 5, pp. 36–43, May 2014.

[20] T. H. Im, J. Kim, and Y. S. Cho, ‘‘A low complexity QRM-MLD forMIMO
systems,’’ in Proc. IEEE 65th Veh. Technol. Conf. VTC-Spring, Apr. 2007,
pp. 2243–2247.

[21] M. Albreem, M. Juntti, and S. Shahabuddin, ‘‘Efficient initialisation of
iterative linear massive MIMO detectors using a stair matrix,’’ Electron.
Lett., vol. 56, no. 1, pp. 50–52, Jan. 2020.

[22] F. Jiang, C. Li, Z. Gong, and R. Su, ‘‘Stair matrix and its applications to
massive MIMO uplink data detection,’’ IEEE Trans. Commun., vol. 66,
no. 6, pp. 2437–2455, Jun. 2018.

[23] M. A. M. Albreem, ‘‘Approximate matrix inversion methods for massive
MIMOdetectors,’’ inProc. IEEE 23rd Int. Symp. Consum. Technol. (ISCT),
Jun. 2019, pp. 87–92.

[24] X. Liu, Z. Zhang, X. Wang, J. Lian, and X. Dai, ‘‘A low complexity high
performance weighted neumann series-based massive MIMO detection,’’
in Proc. 28th Wireless Opt. Commun. Conf. (WOCC), May 2019, pp. 1–5.

[25] F. Jin, Q. Liu, H. Liu, and P. Wu, ‘‘A low complexity signal detection
scheme based on improved Newton iteration for massive MIMO systems,’’
IEEE Commun. Lett., vol. 23, no. 4, pp. 748–751, Apr. 2019.

[26] A. Kumar, P. Vardhan, and M. Gupta, ‘‘Design, analysis of 4×4 and 8×8
MIMO system with ZF, MMSE and BF techniques,’’ Sci. Bull. Electr. Eng.
Fac., vol. 17, no. 2, pp. 16–19, Oct. 2017.

ARUN KUMAR (Member, IEEE) received the
Ph.D. degree in knowledgemobile communication
system, in 2016. He has served in the field of
education for a period of over seven years. He is
currently working with JECRC University, Jaipur,
India. He has published more than 40 articles in
SCI/Scopus indexed journals. His current research
interests include 5G, OFDM, CDMA, spectrum
sensing, peak to average power ratio, advance
modulation schemes, antenna and UWB systems.

He is a Reviewer of many SCI and Scopus indexed international journals.

MAHMOUD A. ALBREEM (Senior Member,
IEEE) received the B.Eng. degree in electrical
engineering from the Islamic University of Gaza,
Palestine, in 2008, and the M.Sc. (EE) and Ph.D.
(EE) degrees from the University Sains Malaysia
(USM), Malaysia, in 2010 and 2013, respectively.
From 2014 to 2016, he was a Senior Lecturer
with the University Malaysia Perlis. Since Febru-
ary 2016, he has been an Assistant Professor of
communications engineering with the Department

of Electronics and Communication Engineering, A’Sharqiyah University,
Oman, where he currently chairs the department. He was a Visiting
Scholar with the Centre for Wireless Communications (CWC), University
of Oulu, Finland, in 2019. His research interests include MIMO detection
and precoding techniques, machine learning applications for wireless
communication systems, and green communications. He received several
scholarships and grants, such as the Nokia Foundation Centennial Grant,
in 2018, the USM Fellowship, from 2011 to 2013, and the Best Master’s
Thesis Award of the School of Electrical and Electronics Engineering, USM,
in 2010.

153248 VOLUME 8, 2020

http://dx.doi.org/10.1093/pcmedi/pbz020
http://dx.doi.org/10.3390/bdcc1010002
http://dx.doi.org/10.1080/03772063.2019.1682692
http://dx.doi.org/10.1007/s40009-020-00962-8
http://dx.doi.org/10.1007/s40009-020-00962-8
http://dx.doi.org/10.3390/electronics9050756


A. Kumar et al.: Future 5G Network Based Smart Hospitals

MANOJ GUPTA (Member, IEEE) received the
B.Tech. degree in electronics and communication
engineering from M.J.P.Rohilkhand University
Campus, Bareilly, India, the M.Tech. degree in
digital signal processing from H.N.B Garhwal
Central University, Uttarakhand, India, and the
Ph.D. degree from the University of Rajasthan,
Jaipur, India. He is currently working as an Asso-
ciate Professor with the Department of Electronics
and Communication Engineering, JECRC Univer-

sity, Jaipur. His overall experience is almost 15 years. He has published
many research papers in international journals and national/international
conferences and book chapters. He has published four patents in his
credit. His research interests include antenna and wireless communications,
biomedical image and signal processing, neuroscience, soft computing,
biomedical engineering, and artificial intelligence. He is a member of many
professional bodies, such as IACSIT, ISTE, IAENG, and many more. He has
served as Technical Programme Committee (TPC) Member and a Reviewer
in various international conferences, such as ICCIA 2020, ICCIA 2019,
ICSIP 2018, ICSIP 2017, ICSIP 2016, AIPR 2017, AIPR 2016, ICCIA
2018, ICCIA 2017, ICCIA 2016, ICNIT 2018, and many more. He was
invited for keynote speaker/invited speaker, in 2017, 2nd IEEE International
Conference on Signal and Image Processing (ICSIP 2017), August 04–
06, 2017 in Nanyang Executive Centre, Singapore and Invited for Keynote
Speaker, in 2017, International Conferences on Public Health and Medical
Sciences (ICPHMS 2017), May 23–24, 2017 in Xi’an, China. He is an editor,
associate editor, and a reviewer of many international journals. His name
has been listed in Marquis Who’s Who in Science and Engineering R©USA
and Marquis Who’s Who in the World R©USA). He is the Editor in Chief
of the Book Series Advances in Antenna, Microwave and Communication
Engineering (Scrivener, John Wiley) and Advances in Antenna Design,
Wireless Communication and Mobile Network Technology (CRC Press,
Taylor and Francis).

MOHAMMED H. ALSHARIF received the
B.Eng. degree in electrical engineering (wireless
communication and networking) from the Islamic
University of Gaza, Palestine, in 2008, and
the M.Sc.Eng. and Ph.D. degrees in electri-
cal engineering (wireless communication and
networking) from the National University of
Malaysia, Malaysia, in 2012 and 2015, respec-
tively. He joined Sejong University, South Korea,
in 2016, where he is currently an Assistant

Professor with the Department of Electrical Engineering. His current
research interests include wireless communications and networks, including
wireless communications, network information theory, the Internet of
Things (IoT), green communication, energy-efficient wireless transmission
techniques, wireless power transfer, and wireless energy harvesting.

SUNGHWAN KIM (Member, IEEE) received
the B.S., M.S., and Ph.D. degrees from Seoul
National University, South Korea, in 1999, 2001,
and 2005, respectively. From 2005 to 2007, he was
a Postdoctoral Visitor with the Georgia Institute
of Technology (GeorgiaTech). From 2007 to 2011,
he was a Senior Engineer with Samsung Electron-
ics. He is currently a Professor with the School
of Electrical Engineering, University of Ulsan,
South Korea. His main research interests include

channel coding, modulation, massive MIMO, visible light communication,
and quantum information.

VOLUME 8, 2020 153249


