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Abstract—Massive Multiple-input Multiple-output (MIMO) is
a sub-6GHz wireless access technology and is one of the key
enabling technology for current 5G and upcoming 6G networks.
Massive MIMO technology is also considered crucial for realizing
the potential capacity of upcoming 6G and beyond networks.
However, with hundreds of antenna terminals, user scheduling
during downlink communication is one of the major challenges
in massive MIMO system deployment. In this paper, we propose
a novel scheduling algorithm that improves the area throughput
and error performance and ensures fairness among all users.
Our scheduling method uses the average channel rate as the
scheduling criteria, which is obtained from the channel state
information provided by the users during the uplink commu-
nication. The results from the Matlab simulations convey that
the proposed algorithm based on channel rate is fair and better
than the conventional scheduling algorithms as it provides better
sumrate, throughput, and bit error performance.

Index Terms—— Massive MIMO, 5G, 6G, user scheduling,
sumrate, fairness

I. INTRODUCTION

The demand for high data rates has increased over the
past few decades, and mobile data traffic has increased ex-
ponentially. With the inception of novel applications like
the blockchain, cyber-security, Smart Vehicles, the Internet
of Things, augmented reality, virtual reality, and extended
reality, the demand for next-generation wireless systems has
increased. The next-generation wireless systems, 5G, beyond
5G, and 6G networks, should handle this colossal amount of
data and provide the user with a high data rate and better
quality of service. The MIMO technology is the basis of older
generation networks such as 3G, and 4G networks [1]- [3].
This technique provides ways to tackle the effects of fading
and achieves high multiplexing and diversity gains. To handle
more users with better quality of service, a MIMO technique
called massive MIMO plays an essential role. Massive MIMO
uses hundreds of antennas at the base station and serves tens of
users at the same time. Massive MIMO provides high spectral
and energy efficiency with low latency [3]- [10]. A massive
MIMO system is shown in Fig. 1. The uplink pilot signal is
sent by users toward the base station during the uplink. The
beamforming provided by massive MIMO during the downlink
helps to direct the signal toward the users. With more antennas,
these beams become narrower and spatially focused on the
user.

A proper user scheduling method during the downlink is
required to increase the throughput of the massive MIMO sys-
tem when the number of active users is more than the number
of base station antenna terminals. The total area throughput
can be improved by scheduling users with better channel
conditions. However, a proper fairness level should also be
maintained to guarantee that users with bad channel conditions
get scheduled in a timely manner. Significant research has
been going to develop an optimal user scheduling algorithm.
The greedy algorithms are discussed in [11] - [13]. These
greedy algorithms provide better fairness performance, but
optimal throughput is not achieved. The traditional algorithms,
Round Robin (RR) and Proportional Fair (PF) are better in
terms of fairness but do not achieve optimal fairness. [14]-
[15] considered linear methods such as Zero Forcing(ZF) and
Minimum Mean Square Error (MMSE). The authors in [16]-
[18] have investigated user scheduling methods for downlink
MIMO systems. However, 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

The main contributions of this paper :

Fig. 1: Massive MIMO uplink and downlink system.



1) The user scheduling issue during the downlink massive
MIMO system is investigated, and an adaptive user
scheduling scheme based on instantaneous channel rate
is proposed.

2) We assess the sum rate, per-user throughput, and error
performance of the proposed algorithm.

3) we evaluate the fairness index of the proposed algorithm.
We have used Jain’s fairness index to compute the
fairness index.

4) 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.

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.

II. SYSTEM MODEL

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 precoding
improves the system throughput. The signal received by user
i can be represented as:

yi = Hxi + ni (1)
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yi is the signal received by the ith user, and xi is the signal

sent towards the user from the base station i. H ∈ CN×M is the
channel vector between the user terminals and the base station
antenna terminals, where elements of H are independent and
identically distributed. ni is the added white Gaussian noise
at the ith.

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.

yi = HWxi + ni (2)

Where,

W =
[
p1 p2 . . . pj

]
W ∈ C is the precoding matrix, which contains a set of

precoders. pj is the vector used for precoding the jth user. For
our simulations, we have applied two simple linear precoders,
ZF and MMSE [21]:

WZF = HH(HHH)−1 (3)

WMMSE = HH(HHH + σ2I)−1 (4)

We compute the sumrate by considering the uniform power
allocation among each user as [19]:

Sumrate =

N∑
i=1

log2

(
1 +

|bihi|2

1 +
∑N

j=1,j ̸=i |bihj |2

)
(5)

where, bk is the kth row of precoding matrix B and hk is
the kth 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:

Cj = log2

(
1 +

√√√√ N∑
j=1

|hj |2
)

(6)

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.

C̄ =

∑
Cj

N
(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.

π(j) = argmin|||Aj | (8)

S = S U π(j) (9)

U = U − S (10)

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 ̸= {ϕ} (11)



Fig. 2: System Model with M base station antenna serving N users.

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 I.

Fig.3 shows the error performance of the proposed algo-
rithm with 16 users, 16 base station antenna terminals, 16QAM
modulation, and MMSE precoding. The proposed algorithm
has better BER performance than the traditional algorithm
within the whole range of SNR users for simulation. For
example, at BER 10−2, the proposed algorithm achieved a
6dB gain over the RR algorithm and a 4 dB gain over the PF
algorithm. Fig.4 shows the simulation with similar parameters
but with ZF precoding. We can see that the performance
pattern is similar; however, the overall performance of all
the algorithms has reduced. For example, at BER=10−1, the

Algorithm 1 Proposed Algorithm for Massive MIMO Downlink Scheduling
Initialization:
1. U = {1, 2, 3, 4, ....N}
2. S = {ϕ}
3. j = 0
Channel Rate Calculation:

4. Cj = log2

(
1 +

√∑N
j=1 |hj |2

)
5. C̄ =

∑
Cj

N

Selection Criteria:
6. Aj = |Cj − C̄|

Algorithm iteration:
do
7. π(j) = argmin|||Aj |
8. S = S U π(j)
9. U = U − S
10. i = i+ 1
While U ̸= {ϕ}



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

proposed algorithm leads the RR algorithm by 5 dB and PF
by 3.5 dB. Thus, in terms of BER performance, the proposed
algorithm performs better than traditional algorithms.

We analyzed the sumrate performance of the proposed
algorithm as shown in Fig.5. This simulation was administered
with 16 base station antenna terminals communicating with
16 users using 16QAM modulation and MMSE precoding.
The simulation results show that the proposed algorithm’s
performance is better than the traditional algorithms. For
example, at SNR= 21 dB, a sum rate of 60 bits/s/Hz is attained
by the proposed algorithm, whereas the PF algorithm achieved
a sum rate of 43 bits/s/Hz, and the RR algorithm had the

Fig. 3: BER vs. SNR performance with 16 users, 16 base
station antennas, 16QAM modulation, and MMSE precoding.

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

worst performance among all with a sum rate of 38 bits/s/Hz.
The high sum rate is mainly due to the increased antenna
terminals. However, as the number of active users grows in a
cell, this sum rate will saturate at a point. We then considered
the performance of our proposed algorithm with several mod-
ulation techniques. Again, this simulation was administered
with 16 base station antenna terminals communicating with
16 users using 16QAM modulation and MMSE precoding. As
shown in Fig. 6, QPSK has the best error performance over
the range of SNR, whereas 64 QAM has the best performance.
This is because higher modulation orders can carry more data
per symbol. On the other hand, higher modulation order has
a higher error rate as it is more prone to interference and
noise. Thus, a perfect modulation order is always based on
the application and the user’s requirements.

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. 7, 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.

We use Jain’s fairness index to evaluate the performance of
the proposed algorithm. We measured Jain’s fairness index for
all the algorithms [20].

F(X) =

(∑N
i=1 xi

)2∑N
i=1 x

2
i

(12)



Fig. 5: Sumrate vs. BER performance with 16 users, 16 base
station antennas, 16QAM modulation, and MMSE precoding.

Fig. 6: BER performance of the proposed algorithm with
several modulation schemes with 16 users, 16 base station
antennas, and MMSE precoding

Where F is the fairness index whose values are between
0 and 11, and xj 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

Fig. 7: Average throughput per user with 16 users, 16 base
station antennas, 16QAM modulation, and MMSE precoding.

algorithms.

TABLE II: Fairness Index Comparison

Scheduling Algorithm Fairness Index
Round Robin 0.973

Proportional Fair 0.983
Proposed 0.999

V. CONCLUSION
In this paper, we investigated the user scheduling issue

during the downlink signaling in a massive MIMO system
and proposed an adaptive user scheduling scheme based on
instantaneous channel rate. We evaluated the sum rate, per-
user throughput, and bit error performance of the proposed
algorithm and compared the performance with traditional
scheduling algorithms. The results obtained from the Mat-
lab simulations show that the proposed algorithm performs
better than the traditional user scheduling algorithm in terms
of sumrate and per-user throughput. It also provides better
error performance and establishes fairness among all users.
We also studied the performance of the proposed algorithm
with several modulation techniques and found that 64QAM
provides the best data rate, whereas QPSK provides the best
error rate. Finally, we assessed the fairness index of the
proposed algorithm using Jain’s fairness index. We found
that the proposed algorithm provides a fairness index of 0.99
and ensures fairness among all the users. Thus, the proposed
algorithm is a suitable candidate for downlink user scheduling
in a massive MIMO system with a large number of antennas.
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