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Abstract—Massive MIMO (Multiple-Input Multiple-Output) is
a promising wireless access technology that has emerged as a solu-
tion to the ever-increasing demand for network capacity. Massive
MIMO is expected to play a crucial role in the deployment of 5G
and upcoming 6G networks, enabling the realization of their full
potential capacity. Despite the numerous benefits, user scheduling
during downlink communication in Massive MIMO systems is a
challenging task due to the large number of antenna terminals.
In this paper, we propose a novel scheduling algorithm aimed at
improving the area throughput, sum capacity, error performance,
and ensuring fairness among all users. The proposed algorithm
uses the average channel rate as the scheduling criteria, which is
calculated from the channel state information obtained from the
users during uplink transmission. To evaluate the performance
of our proposed algorithm, we conducted simulations using
Matlab. Our results demonstrate that our proposed channel
rate-based scheduling algorithm is superior to conventional
scheduling algorithms in terms of sumrate, throughput, and
bit error performance while also ensuring fairness among all
users. The proposed algorithm can address the challenge of
user scheduling in Massive MIMO systems and contribute to
the efficient deployment of 5G and 6G networks. The ability to
improve system capacity, area throughput, and provide fairness
in communication is of great importance in meeting the high
demands of future wireless networks. Our approach could pave
the way for further research in improving the performance of
Massive MIMO systems, thereby advancing the potential of 5G
and 6G networks.

Index Terms—5G, 6G, Massive MIMO, User Scheduling

I. INTRODUCTION

He demand for high data rates has skyrocketed due to

the growing usage of mobile devices and the emergence
of new applications that require high-speed data transfer.
This has led to the development of next-generation wireless
systems such as 5G, beyond 5G, and 6G networks, which are
expected to provide high data rates, low latency, and better
quality of service. Multiple-input Multiple-output (MIMO)
technology has been a key factor in the development of
previous generation wireless networks such as 3G and 4G,
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and it is expected to continue playing a critical role in future
wireless systems. MIMO technology utilizes multiple antennas
at both the transmitter and receiver to create multiple signal
paths, which can be used to improve the robustness of the link
against fading and interference [1]-[6].

One of the major benefits of MIMO technology is diversity
gain, which refers to the improvement in signal quality due
to the use of multiple signal paths. By leveraging the spatial
dimension, MIMO technology can create multiple independent
signal paths between the transmitter and receiver, which can
help mitigate the effect of fading on the signal strength. This
is particularly useful in environments with a high degree
of multipath propagation, such as urban areas. Another key
benefit of MIMO technology is multiplexing gain, which refers
to the increase in data rate due to the use of multiple signal
paths. By sending independent data streams on each signal
path, MIMO technology can effectively increase the bandwidth
of the link, resulting in higher data rates. This is particularly
useful in applications that require high-speed data transfer,
such as video streaming, online gaming, and virtual reality.

To cater to more users with better quality of service,
the MIMO technique called massive MIMO plays a critical
role. Massive MIMO employs hundreds of antennas at the
base station, serving multiple users simultaneously. Massive
MIMO is a wireless access technology operating below 6GHz,
which plays a crucial role in current 5G and upcoming 6G
networks by offering high spectral and energy efficiency with

Fig. 1. Massive MIMO uplink and downlink system.
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low latency [9]- [16]. It uses hundreds of antennas at the
base station to serve tens of users simultaneously, providing
high multiplexing and diversity gains while mitigating fading
effects. Massive MIMO is essential to support the increasing
demand for high data rates driven by applications such as
blockchain, cyber-security, Smart Vehicles, the Internet of
Things, augmented reality, virtual reality, and extended reality.
The technique uses beamforming to direct signals towards
users during the downlink, and the narrower beams resulting
from more antennas improve spatial focus. Figure 1 shows a
typical massive MIMO system where uplink pilot signals are
transmitted by users towards the base station during uplink
communication, and the downlink communication uses beam-
forming to direct signals towards the users. As the number of
antennas increases, the beams become narrower, resulting in
better spatial focus on users [17], [18].

However, with hundreds of antenna terminals, user schedul-
ing during downlink communication is one of the major
challenges in massive MIMO system deployment. A suitable
user scheduling method during the downlink is necessary to
enhance the throughput of massive MIMO systems when the
number of active users is greater than the number of base
station antenna terminals. Scheduling users with better channel
conditions can improve the total area throughput. However,
maintaining an adequate fairness level is equally important to
ensure timely scheduling for users with weaker channel con-
ditions. Considerable research has been conducted to develop
optimal user scheduling algorithms. Greedy algorithms have
been discussed in [19]- [21], which provide better fairness
performance but fail to achieve optimal throughput. Traditional
algorithms, Round Robin (RR), and Proportional Fair (PF)
are better in terms of fairness but do not achieve optimal
fairness. Linear methods like Zero Forcing (ZF) and Minimum
Mean Square Error (MMSE) have been explored in [22]-
[23]. The authors in [24]-[26], [28]-[31] have investigated
user scheduling methods for downlink MIMO systems, but
optimal performance in terms of both throughput and fairness
has not been achieved. In this paper, we propose an adaptive
user scheduling algorithm based on channel rate to provide
the user with optimal throughput and ensure fairness among
all the users.

A. Contribution of the Paper

1) The user scheduling issue during the downlink massive
MIMO system is investigated

2) An adaptive user scheduling scheme based on instanta-
neous channel rate is proposed

3) The sum rate, per-user throughput, and error perfor-
mance of the proposed algorithm are accessed and
compared with traditional scheduling algorithms

4) We evaluated the fairness index of the proposed algo-
rithm. We have used Jain’s fairness index to compute
the fairness index.

5) The results obtained from the Matlab simulations show
that the proposed algorithm is fair and performs better
than the traditional user scheduling algorithm in terms
of sumrate, per-user throughput, and error performance.

ISSN: 2288-0003 (Online)

1476

B. Outline

The remainder of the paper is structured as follows: Section
II defines the downlink system model for massive MIMO with
M antennas and N users. The proposed adaptive algorithm is
described in III. The simulation steps, required parameters, and
algorithm analysis are presented in IV. Finally, V concludes
the paper by encapsulating the major concepts of the paper.

C. Notations

In this paper, there are specific notations and terminologies
used to represent various mathematical concepts. Column
vectors are denoted by lower-case letters, while matrices are
denoted by upper-case letters. The inverse of a matrix is
denoted by (.)7!, and the transpose is represented by (.).
The hermitian transpose is denoted by (.)7. The circular
symmetric complex Gaussian distribution with zero mean and
co-variance V is represented by CA/(0, V). The space of M-
element complex vectors is denoted by CM, where M is a
positive integer. The M x M identity matrix is represented by
Ins, which is a square matrix with ones on the diagonal and
zeros elsewhere.

II. SYSTEM MODEL

In massive MIMO, the BS is equipped with numerous
antennas, typically numbering in the hundreds or thousands.
Downlink is the data transmission from the base station to
the user equipment, such as mobile phones or laptops. The
fundamental concept behind massive MIMO is to exploit the
large number of antennas at the BS to concurrently commu-
nicate with multiple users utilizing the same time-frequency
resource. This is accomplished by spatially combining signals
from the BS’s antennas to create unique signal combinations
for each user. Downlink massive MIMO systems capitalize
on the numerous antennas at the BS to enhance the quality
and capacity of the wireless link to the users. Beamforming
methods are employed by the BS to direct the transmitted
signal towards each user, increasing the signal-to-noise ratio
(SNR) and reducing interference from other users.

A massive MIMO downlink system is considered with M
base station antenna terminals and N users. In the course of
the downlink communication, the base station will send an
independent and autonomous signal to each active user. If
U users are waiting for their turn to be scheduled, the base
station selects S users (S <= U) according to the scheduling
algorithm. The base station will apply a precoder before
sending the downlink signal towards the user. The primary
objective of precoding is to optimize the wireless channel
between the base station and the users by modifying the phase
and amplitude of the transmitted signal. The purpose of this
modification is to reduce interference and enhance the quality
of the signal received by the user. Precoding is a process
that involves the application of a matrix operation to the data
signals transmitted from the base station antennas. This op-
eration is intended to decrease the interference between users
and improve the signal-to-noise ratio (SNR) at the receiver’s
end. Several precoding algorithms are used in Massive MIMO
systems, including zero-forcing (ZF) precoding and minimum
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Fig. 2. System Model with M base station antenna serving N users.

mean squared error (MMSE) precoding. The implementation
of precoding during user scheduling can lead to increased
data rates, better spectral efficiency, and improved overall
system performance in terms of signal quality and interference
reduction. Therefore, precoding is a critical component in
the design and optimization of Massive MIMO systems. The
signal received by user 7 can be represented as:

yi = Hxy +n; (D
Where,
)
T2 hlﬁ hziz hZiN
T3 51 99 h N
T = and H; = .

Wi hiye - Bywm

_mi_

y; 1s the signal received by the i, user, and x; is the signal
sent towards the user from the base station i. H € CV*Mis the
channel vector between the user terminals and the base station
antenna terminals, where elements of H are independent and
identically distributed. n; is the added white Gaussian noise
at the i;p,.

We do the precoding before scheduling the user to minimize
multi-user interference. We get the matrix for precoding by
stacking the beamforming vectors and user signals.

Yy = HWx; + ny ()

Where,

p;]
W € C is the precoding matrix, which contains a set of
precoders. p; is the vector used for precoding the jip user. For

our simulations, we have applied two simple linear precoders,
ZF and MMSE [34]:

W=[p1 p2

Wyr = HT(HH")"1 (3)
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Wanse = HE(HHY +6%1)71 4)

We compute the sumrate by considering the uniform power
allocation among each user as [32]:

N
Sumrate = Z logy | 1+ Jl,bihi‘Q (®)]
L+ 30 i 1bihy]?

i=1

where, by is the k;, row of precoding matrix B and Ay is
the k;;, row of the channel matrix H.

III. PROPOSED ALGORITHM FOR DOWNLINK
USER SCHEDULING

The proposed algorithm is summarized in 1. We initialize
the active users set U, including N active users. The set of
selected users is .S, which is null initially as non of the users
are scheduled. Then we calculate the instantaneous channel
rate for each user:

N
> hﬂ) (©6)

Jj=1

Oj = lOgg (1 +

The mean channel rate is computed based on the active users
waiting to be scheduled. The calculated mean channel rate will
also be the selection criteria for the proposed algorithm.

_ Z s
C==" 7
% (7

The user with an instantaneous channel rate closest to the

mean channel rate is selected first. Once the selected user is

scheduled, we update the set containing the remaining active
and selected users.

7w(j) = argmin||| A, (8)
S=SUmn(j) ©))
U=U-5 (10)
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The process of user selection is repeated until all the
active users are scheduled. Then, the mean channel rate is
re-evaluated for the next set of active users.

U #{¢} (11)

Algorithm 1 Proposed Algorithm for Massive MIMO Down-
link Scheduling

Initialization:
1.U=11,2,3,4,...N}
2.5 = {9}

3.7=0

Channel Rate Calculation:

4.C; = log, (1 + 0 |hj|2>

5.0=25

Selection Criteria:

6. A4; =|C; — C|
Algorithm iteration:
do

7. 7(j) = argmin|]| 4]
8. 5=5Un(j)
9.U=U-S8
10.i=4+1

While U # {¢}

IV. SIMULATION RESULTS AND ANALYSIS

In this section, we analyze the results obtained from the
Matlab simulations. For simulations, we set up a massive
MIMO base station with many antenna terminals (16 to 512).
We assume that all the antenna terminals are communicating
with 128 single active users simultaneously. We have consid-
ered various antenna configurations with different modulation
techniques (QPSK, 16QAM, 16QAM) for conducting the sim-
ulations. The system’s bandwidth is set to 20 MHz, whereas a
carrier frequency of 2.5 GHz is used. A perfect channel state
information (CSI) is assumed between the user and the base
station, and the Rayleigh fading channel model is used for
simulations. We have compared our proposed algorithm with
traditional schedulers like Proportional Fair (PF) and Round
Robin (RR) algorithms for analysis. In addition, we have used
ZF and MMSE precoding to reduce the effect of multi-user
interference and to simplify the processing required at the
receiver. The simulation parameters used are shown in L.

Fig. 3 depicts the error performance of the proposed algo-
rithm with 16 users, 16 base station antenna terminals, 16QAM
modulation, and MMSE precoding. The proposed algorithm
exhibits better BER performance than the traditional algorithm
across the entire range of user SNR in the simulation. For
instance, at a BER of 1072, the proposed algorithm achieves
a 6dB gain over the RR algorithm and a 4dB gain over
the PF algorithm. Similarly, conducting the same experiment
with 16 users, 16 base station antenna terminals, and MMSE
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TABLE I
SIMULATION PARAMETERS

Parameter Value
Base Station Antenna Terminal 16 to 512
Number of Users 128
Carrier Frequency 2.5 GHz
Bandwidth 20 MHz

Coherence Internal 200 Symbols

Channel Model Uncorrelated Rayleigh Fading

Signal Variance 2
SNR 0 dB - 25dB
Modulation QPSK, 16QAM, 64QAM

precoding, but with 64QAM modulation, results in degraded
error performance for all algorithms, as shown in Fig. 4.
At BER 107!, the proposed algorithm achieves almost 3
dB gain over the PF algorithm and 4dB gain over the RR
algorithm. Nonetheless, the per-user throughput increases for
all algorithms with higher modulation order. Additionally, the
simulation with comparable parameters and QPSK modula-
tion, depicted in Fig. 5, results in improved error performance
for all algorithms. This improvement stems from QPSK being
less susceptible to interference and noise in comparison to
higher modulation orders such as 16QAM and 64QAM used
in our experiments.

Fig.6 illustrates the simulation outcomes when 16 users,

Fig. 3. BER vs. SNR performance with 16 users, 16 base station antennas,
16QAM modulation, and MMSE precoding.
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16 base station antenna terminals, and 16QAM modulation
are employed, but with Zero Forcing (ZF) precoding. The
performance trend follows the same pattern as the previous
experiment; however, the overall performance of all algorithms
has decreased. Specifically, at a BER of 10~!, the proposed al-
gorithm outperforms the RR algorithm by 5 dB and PF by 3.5
dB, underscoring the superiority of the proposed algorithm’s
BER performance compared to conventional algorithms. In
Fig.7, QPSK modulation is employed, and all algorithms

Fig. 4. BER vs. SNR performance with 16 users, 16 base station antennas,
64QAM modulation, and MMSE precoding.

Fig. 5. BER vs. SNR performance with 16 users, 16 base station antennas,
QPSK modulation, and MMSE precoding.

ISSN: 2288-0003 (Online)

1479

demonstrate enhanced error performance. This improvement
can be attributed to the lower susceptibility of lower mod-
ulation orders, such as QPSK, to noise and interference. In
contrast, higher modulation orders, such as 16QAM, are more
susceptible to noise and interference, resulting in degraded
error performance.

Fig.8 illustrates the analysis of the sumrate performance
of the proposed algorithm. This simulation involved 16 base

Fig. 6. BER vs. SNR performance with 16 users, 16 base station antennas,
16QAM modulation, and ZF precoding.

Fig. 7. BER vs. SNR performance with 16 users, 16 base station antennas,
QPSK modulation, and ZF precoding.
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station antenna terminals communicating with 16 users using
16QAM modulation and MMSE precoding. The simulation
results indicate that the proposed algorithm outperforms the
traditional algorithms. For instance, at an SNR of 21dB,
the proposed algorithm achieves a sum rate of 60 bits/s/Hz,
whereas the PF algorithm attains a sum rate of 43 bits/s/Hz,
and the RR algorithm exhibits the poorest performance, with
a sum rate of 38 bits/s/Hz. The high sum rate is primarily
attributed to the increased number of antenna terminals. Nev-
ertheless, as the number of active users in a cell grows, the
sum rate will eventually reach a saturation point.

We conducted a similar experiment using ZF precoding, and
the sumrate performance was comparable to that of MMSE
precoding, as demonstrated in Fig.9. With ZF precoding at an
SNR of 21dB, the proposed algorithm attained a sumrate of
60 bits/s/Hz, while the PF and RR algorithms recorded a sum
rate of 42 bits/s/Hz and 37 bits/s/Hz, respectively.

We then considered the performance of our proposed al-
gorithm with several modulation techniques. This simulation
was administered with 16 base station antenna terminals
communicating with 16 users using 16QAM modulation and
MMSE precoding. As shown Fig.10, QPSK exhibited the best
error performance across a range of SNRs, while 64QAM
displayed the best performance due to its ability to transmit
more data per symbol. However, higher modulation orders are
more susceptible to noise and interference, leading to higher
error rates. Therefore, the optimal modulation order depends
on the application and the user’s requirements. Furthermore,
we performed a simulation with ZF precoding using 16 base
station antenna terminals communicating with 16 users via
16QAM modulation, as shown in Fig.11. We observed that the
performance was nearly identical to that of MMSE precoding.

Fig. 8. Sumrate vs. BER performance with 16 users, 16 base station antennas,
16QAM modulation, and MMSE precoding.
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We evaluated the proposed algorithm’s average throughput
per user performance. This simulation was administered with
16 base station antenna terminals communicating with 16
users using 16QAM modulation and MMSE precoding. As
shown in Fig. 12, the average per-user throughput for the
proposed algorithm was best among the compared algorithms.
Our algorithm achieved a per-user throughput of 3.14 Mbps,
whereas, for RR and PF algorithms, it was found to be 2.33
Mbps and 2.53 Mbps, respectively.

Fig. 9. Sumrate vs. BER performance with 16 users, 16 base station antennas,
16QAM modulation, and ZF precoding.

Fig. 10. BER performance of the proposed algorithm with several modulation
schemes with 16 users, 16 base station antennas, and MMSE precoding
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Fig. 11. BER performance of the proposed algorithm with several modulation
schemes with 16 users, 16 base station antennas, and ZF precoding

Average Throughput per User (Mbps)

RR PF

Proposed

Fig. 12. Average throughput per user with 16 users, 16 base station antennas,
16QAM modulation, and MMSE precoding.

We use Jain’s fairness index to evaluate the performance
of the proposed algorithm. Jain’s fairness index is a widely-
used metric for assessing fairness in the distribution of limited
resources, especially in the context of networking and telecom-
munications. This metric is particularly useful when multiple
users or applications are competing for a finite amount of
resources like CPU time or wireless bandwidth. It offers an
objective way of quantifying the degree of fairness in resource
allocation and comparing different allocation schemes. The
fairness of resource allocation is critical in networking to pre-
vent congestion, service degradation, or even network failure.
Jain’s fairness index allows for the comparison of resource
allocation schemes by measuring how equitably resources are
distributed among users or applications. An index value close
to 1 suggests that resources are being allocated fairly to all
users or applications, whereas a value closer to 0 indicates an
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unfair distribution, with some users or applications receiving
more than their fair share of resources.

We measured Jain’s fairness index for all the algorithms
[33].

( Zzlil 1’1) ’
Zij\; a3
Where F is the fairness index whose values are between

0 and 11, and z; is throughput for ith user. As shown

in II, simulation results show that the fairness provided by

the proposed algorithm is similar to that of the traditional
algorithms.

F(X) = (12)

TABLE 11
FAIRNESS INDEX COMPARISON

Scheduling Algorithm | Fairness Index
Round Robin 0.973
Proportional Fair 0.983
Proposed 0.999

V. CONCLUSION

In conclusion, this paper addressed the issue of user
scheduling during downlink signaling in a massive MIMO
system. The proposed algorithm takes into account the instan-
taneous channel rate, which enables it to adaptively schedule
users based on their current channel conditions. This results
in a significant improvement in the sum rate and per-user
throughput, as well as providing better error performance
and fairness among all users. The simulation results also
showed that the performance of the proposed algorithm varied
with different modulation techniques. Specifically, 64QAM
provided the best data rate, while QPSK provided the best error
rate. This indicates that the choice of modulation technique
can significantly affect the performance of the user scheduling
algorithm, and it is essential to choose an appropriate modu-
lation technique that suits the requirements of the system.

Furthermore, the fairness of the proposed algorithm was
assessed using Jain’s fairness index, which is a commonly
used metric for measuring fairness in communication systems.
The fairness index of 0.99 obtained from the proposed algo-
rithm indicates that the algorithm ensures fairness among all
users, which is an essential requirement for any scheduling
algorithm. The proposed adaptive user scheduling algorithm
based on instantaneous channel rate is a suitable candidate for
downlink user scheduling in a massive MIMO system with a
large number of antennas. The algorithm provides improved
performance in terms of sum rate, per-user throughput, error
performance, and fairness, and can be adapted to different
modulation techniques to suit the requirements of the system.
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