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Abstract—Massive Machine-Type Communications are one of
the service types supported in 5G. They are characterized by
massiveness and sporadic traffic, as well as to be energy efficient.
While the scattered nature of the traffic occurrence does not
pose a serious burden on efficient network planning, the require-
ment to serve a massive number of devices and to be energy-
efficient certainly does. Moreover, besides the successful transmis-
sion/reception, these data need to be processed too. With limited
resources on both the Radio Access Network part (responsible for
communication) and edge cloud part (responsible for processing),
as well as with the competition among a large number of users
with this traffic in the cellular network, we need to address the
problem of admission control, so that the network can successfully
serve all the users that were admitted. To that end, in this paper
we model the behavior of the system using a queueing network
and perform the analysis that leads to admission policies for
mMTC traffic with computation requirements. We do this both
for homogeneous and heterogeneous users. Using data from a
5G trace, we validate our analytical results and provide further
insights. Results show that the number of admitted users almost
completely depends on the traffic pattern and that the entity with
the lower capacity determines the number of admitted users.

Index Terms—Admission control, 5G, mMTC, edge clouds.

I. INTRODUCTION

One of the new services that can be supported by
5G networks are massive machine-type communications
(mMTC) [1]. This service requires support for a very high user
density and low-energy consumption. As its name suggests,
mMTC deals with granting access to a huge number of
machine-type devices, including those for monitoring, sensing,
and a myriad of other Internet-of-Things (IoT) services [2].
Besides serving a large number of devices within a small area,
operating on an energy-efficient basis is the other important
aspect of mMTC. The latter requirement is met by the sporadic
transmission of these devices. The latter makes mMTC less
demanding in terms of the network conditions required for an
effective operation as a best-effort service, contrary to the other
two types of services, enhanced mobile broadband (eMBB) [3]
and ultra-reliable low-latency communications (URLLC) [4].
For instance, for a sensor that measures the humidity or
temperature, forwarding that information to an edge cloud
where it would be processed, should not necessarily be done
instantly. A delay in the order of seconds, or even minutes, will
not have serious consequences in most pertaining use cases.
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Although the mMTC traffic is sporadic with few packets
transmitted at once [1], multiplexing the operation of too many
of these devices by a base station (BS) can pose serious
challenges. On top of that, collecting information several
times per day from a region where many devices are placed
makes the problem more complex. Things become even more
complicated when the requirement to compute this data in
a timely fashion is added. This calls for careful resource
planning on two levels: Radio Access Network (RAN), in
charge of communication, and Edge Cloud (EC), responsible
for processing the received data. For example, if data from all
the sensors are transmitted in the first minute of each hour, and
they need to be processed before the end of the current hour,
the number of users that can be served has to be carefully
planned so that these data are received in a timely manner,
taking into account the finite RAN and EC capacities.

Conversely, there is an inter-play involved when allocating
RAN and EC resources, which provides an additional degree
of freedom in assigning them. Namely, the operator can in-
crease the assigned EC resources to a user to expedite the pro-
cessing time at the expense of slower transmission/reception
time, and vice versa, so that the number of planned users to
admit is not affected.

There are some questions that arise related to the previous
observations related to mMTC users:

• What is the amount of resources (RAN and EC) needed
for a user to send its data and that information to be
processed successfully, given user’s traffic intensity and
channel conditions?

• Is it possible to support many mMTC users, knowing that
there are finite amount of resources on both the RAN and
EC side, without forcing the network to operate near its
capacity limits?

To address the previous questions, in this work we propose
an analytical approach that relies on queueing networks and
mimics reliably the constraints inherent to this type of traffic.
As outcomes of our model are admission policies for mMTC
users, given the available RAN and EC resources. This is
done both for users underlying identical channel statistics
(homogeneous users) and heterogeneous users. The outcomes
of this work can help cellular operators to plan the number of
users that can be served, but also with planning the processing
capacity of edge clouds needed to serve a given number of
users with mMTC traffic. The principal message of this work



is that, contrary to a common belief, the channel characteristics
of the users do not affect almost at all the number of admitted
users. The main contributions of this paper are:

• We obtain the maximum number of mMTC users that can
be admitted, under the assumption of identical channel
distributions and traffic patterns across all users (homo-
geneous users), for finite RAN and EC resources.

• We extend the analysis to provide admission policies for
heterogeneous users (with different channel conditions
and traffic intensities), for two different criteria.

• Using simulations run on a 5G dataset, we validate the
analytical results and provide further related insights.

II. PERFORMANCE MODELING AND ANALYSIS

First, we present the system model, including the description
of the RAN and EC parts, and then describe the mMTC traffic
characteristics and requirements.

A. System model

We consider users within the coverage area of a BS in the
sub-6 GHz band. Due to the nature of mMTC traffic, the focus
is on the uplink (see Fig. 1 for a system illustration).

The block resource allocation in a time-slotted system is
used in 5G, with Physical Resource Blocks (PRB) as the unit
of allocation [5], with different widths for different subcarrier
spacing. Within the frame, different PRBs are assigned to
different users. The assignment will vary across frames. The
number of PRBs for the mMTC users in the BS is K.1

In this work, it is assumed that channel conditions vary
across different slots for all users. The metric known as
Channel Quality Indicator (CQI) is used to quantify the
channel quality of a user at a given time. The range of
possible CQI values is 1-15 [6], in increasing order of channel
quality, implying that 15 denotes the best channel conditions.
In general, users have different values of CQI across different
PRBs even within the same slot. Due to the time-varying
nature of the channels, per-PRB CQI (a function of Signal-
to-Interference-Plus-Noise-Ratio (SINR)) varies from one slot
to another, and its value sets the per-PRB rate [6]. For each
user, we assume flat PRBs in a slot, i.e., the per-PRB rate (of
a given PRB) does not change during the slot, but it varies
from one slot to another according to some distribution.

Although, in general, different PRBs “bring” different per-
PRB rates, to enable analytical tractability, we assume that
the channel characteristics of a user remain unchanged across
all K PRBs in a slot (flat fading), or said differently, a user
has identical CQI values across all PRBs. As a result, these
assumptions reduce the RAN resource allocation to the number
of assigned PRBs, instead of which PRBs are allocated to
which user. Further, we assume that the CQI value of a user
in a slot is independent of the CQI values of the other users.

1The maximum number of PRBs for a BS is also a function of the subcarrier
spacing. For example, a subcarrier spacing of 15 kHz results in PRBs with
bandwidth of 180 kHz, and at most 100 dedicated such PRBs to a BS [6]. On
the other hand, the subcarrier spacing of 30 kHz results in PRBs of 360 kHz
bandwidth. The maximum number of PRBs that can be dedicated to a cell in
the latter case is 273 [6].

Fig. 1. Illustration of the system model (UE: User Equipment).

The previous assumptions imply that in every slot user i’s
per-PRB rate can be modeled as a discrete random variable,
Ri, with values from {r1, r2, . . . , r15}, such that r1 < r2 <
. . . < r15, with a probability mass function (PMF) pRi(x).

After packet arrival to the BS, some processing follows,
which is performed on the edge cloud. The latter is usually
collocated with the BS. Hence, there are two types of required
resources to realize the process successfully. Besides PRBs
(needed for sending the information to the BS), there is another
type of resources involved. These are the computing resources
on the EC, e.g., Virtual Machines, to process the data. The
number of computing resource units on the EC is M .

While the gain for a user by being assigned a given PRB
depends on the channel conditions of that user on that PRB,
the situation is simpler with computing resources. The reason
is that any assigned computing unit performs identically across
all users (it is insensitive to channel conditions). A single
computing unit has capacity q, and is expressed in Mbps.
Any other computation unit, such as Mflops per second, can
be translated into Mbps accordingly. Table I summarizes the
notation used in this paper.

B. mMTC traffic

We consider the uplink communication. Data from devices
(e.g., sensors) are sent to the BS within whose service areas
they are located. Then, data at the BS are forwarded to the
EC, which is collocated with the BS, for further processing
(Fig. 1). At the EC, the packets are processed in order of their
arrival. We assume that network slicing applies at EC too, i.e.,
mMTC traffic has dedicated computing resources.

Traffic generation: Data from an mMTC user to the BS are
transmitted in packets. The assumption is that packet sizes, Θ,
are fixed and small [7]. Data are generated with rate λ, referred
to as traffic generation rate. This traffic type is sporadic, i.e.,
it is characterized by small λ. The time interval between two
consecutive transmissions is subject to a generic distribution.

Number of packets: After being generated, the packets are
transmitted in batches. The random variable N denotes the
number of packets generated at a given instant. It is assumed
that N(t) is a stationary stochastic process that is independent
of the user’s channel conditions.

Data rate: We assume that the network resources are shared
equally among the users, resulting in a data rate of KRi

n , where



TABLE I
NOTATION

n Number of users in the cell
Ri(t) Per-PRB rate of user i in slot t
pRi

(x) = pi,x PMF of user’s i per-PRB rate
q Per-unit processing capacity
K Total number of PRBs
M Total number of computing resources
λi Traffic generation rate of user i
Ni Number of packets user i transmits at once
Θ Packet size
C BS forwarding capacity
E EC processing capacity

Ri is the per-PRB rate of user i in a slot, whereas n is the
number of users within the coverage area of the BS.

Types of users: Two scenarios in terms of user types are
considered in this paper. In the first, all users undergo identical
channel statistics and have identical traffic patterns (the same
λ and i.i.d. N ). This corresponds to mMTC users being placed
in the vicinity of each other. These devices are referred to as
homogeneous users. We focus on these in Section III.

In the second scenario, users have different channel condi-
tions (different per-PRB rate distributions) and different traffic
characteristics (different λ and N ). This scenario corresponds
to devices placed at different locations that are relatively far
away. These devices are referred to as heterogeneous users,
with the corresponding analysis presented in Section IV.

III. ADMISSION CONTROL FOR HOMOGENEOUS USERS

In this section, we look at the scenario with all mMTC users
characterized by homogeneous traffic patterns, i.e., the same
λ and identically and independently distributed (i.i.d.) N .

Let tj denote the time when the j’th batch of data is
generated at an mMTC user and transmitted to the BS. There
are Nj packets in that batch. The assumption is that t0 = 0
and N0 = 0. The time at which all these packets arrive at BS
is denoted by t

′

j , and is

t
′

j = tj +
NjΘ
KR(tj)

n

+ tprop, (1)

where nNjΘ
KR(tj)

represents the transmission time, whereas tprop
is the propagation delay from the user to the BS. Note that as
we assume mMTC traffic to be sporadic with small packets,
it is reasonable to assume that all the packets generated in a
time instant are to be transmitted in the same slot, and hence,
with the same data rate.

The traffic generation rate at a user is

λ =
1

E[tj − tj−1]
, (2)

i.e., the inverse of the average inter-generation times between
two consecutive generation instants. The traffic arrival rate
from the same user arrives at the BS is

λ
′
=

1

E[t′j − t
′
j−1]

. (3)

Substituting (1) for j and j − 1 into (3), we obtain

λ
′
=

1

E
[
∆tj +

nΘ
K

(
Nj

R(tj)
− Nj−1

R(tj−1)

)] , (4)

Fig. 2. The queueing network model.

where ∆tj = tj − tj−1 is the inter-arrival time between the
j − 1’th and j’th data generation at the mMTC user.

Let us now inspect the term E
[

Nj

R(tj)
− Nj−1

R(tj−1)

]
. Since N

is a stationary stochastic process independent of R, and R is
independent from one slot to another, we get

E

[
Nj

R(tj)

]
= E [Nj ]E

[
1

R(tj)

]
=

E [Nj−1]E

[
1

R(tj−1)

]
= E

[
Nj−1

R(tj−1)

]
, (5)

which after being substituted into (4) leads to

λ
′
=

1

E[∆tj ]
= λ, (6)

i.e., the traffic arrival rate at BS is identical to the traffic
generation rate at the mMTC user.

The total traffic arrival rate at the BS from n homogeneous
users is thereby

λt = nλ
′
= nλ. (7)

As the users traffic patterns are i.i.d. (homogeneous users), all
the mMTC users in this case have the same mean generated
number of packets, E[N ]. Hence, the traffic intensity arriving
at the BS from n homogeneous mMTC users is

Λt = nλE[N ]. (8)

As the packet size is Θ, the data arrival rate at the BS is

ΛtΘ = nλE[N ]Θ. (9)

The packets are processed at the BS and forwarded to the
EC next. We assume that the processing capacity of the BS is
constant [8], it is denoted by C, and is expressed in Mbps. The
order of service at the BS is First Come First Served (FCFS).
Given that the arrival process at the BS is a combination of
the arrival processes of many mMTC users, given the previous
assumptions, the operation of the BS can be modeled as a
G/D/1 queue with infinite buffer size.

After “leaving” the BS, a batch of data is forwarded to the
EC. There we also assume a processing rate that is constant
over time [4]. It is denoted by E, and is also expressed in
Mbps. FCFS order of service is assumed in the EC as well.
As the EC is collocated with the BS, the propagation delay
from the BS to EC can be neglected.2 This results in the arrival
process at the EC to be the departure process of the BS. As the
latter is a G/D/1 queue, then also the operation of the EC can
be captured reliably by a G/D/1 queue with infinite buffer.
Therefore, the entire system can be modeled as a queueing
network, and is illustrated in Fig. 2.

2All the packets traverse the same path, experiencing the same negligible
propagation delay, which will not alter the arrival process at the EC.



A. Two approaches for admission control

In this paper, we consider two approaches when designing
admission policies. In the first, the maximum number of
mMTC users, whose traffic requires computation resources,
which can be admitted in the area covered by the BS is con-
strained such that the system is kept stable, with a utilization
ratio not reaching 1, or by confining the utilization ratio below
a certain level. Namely, from queueing theory it is well known
that [9] the queueing delay skyrockets for utilization ratios
higher than 0.95.

In the second approach, we decide on the number of mMTC
users to admit by limiting the value of the average delay of the
batches of data. Given that this type of traffic is not subject
to stringent network requirements, the average delay can be a
good measure for network planning.

1) Utilization-dependent admission policy: Given the
queueing network for our setup (Fig. 2), we can infer that
the utilization ratio is determined by the bottleneck server,
i.e., the slowest among the BS and EC. Given that the rate at
which the data arrives both to the BS and EC is given by (9),
then for the system to be stable, the following must hold3:

nλE[N ]Θ < min(C,E), (10)

which yields

n <
min(C,E)

λE[N ]Θ
. (11)

Inequality (11) implies the following:

Result 1. The maximum number of mMTC homogeneous users
to be admitted with traffic generation rate λ, whose number
of packets created at once underlie the random variable N ,
and with packet size Θ, in a BS with processing capacity C
and a collocated EC with computation capacity of E is4

nmax = ⌊min(C,E)

λE[N ]Θ
− 1⌋. (12)

An interesting observation from Result 1 is that the number
of admitted mMTC users is insensitive to the users’ transmis-
sion rate. This is concordant with the fact that the mMTC
traffic is sporadic and all the packets of a given batch are
transmitted during the same slot.

2) Average-delay-dependent admission policy: Obtaining
exact closed-form solutions for a queueing network in which
both queues are G/D/1 is not tractable. Therefore, we need
to resort to an approximation. To that end, we start with the
first queue (that of the BS), where we make an assumption
that the traffic from each user arriving to the BS follows a
Poisson process with rate λ. As there are n users, the total
arrival process to the BS is also a Poisson process with rate
nλ. This leads to the original queueing network to reduce to
a series of an M/D/1 and a G/D/1 queue.

3The overall utilization ratio of the queueing network is ρ =
nλE[N ]Θ
min(C,E)

.
4In case we want the number of admitted users to produce a traffic which

does not cause a utilization ratio higher than a given threshold k (e.g., 0.9),
then the inequality (10) should be modified to nλE[N ]Θ < kmin(C,E),
which would accordingly lead to modifying Result 1. Note that 0 < k < 1.

Let us start with the M/D/1 queue. Let T1 denote the time
a batch of data (from any user) spends at the BS. From
the Pollaczek-Khinchine formula [9], we obtain the average
system time in the BS as (note that as the service time is
deterministic, so its coefficient of variation is 0)

E[T1] =
Θ

2C
·
2− nλΘ

C

1− nλΘ
C

. (13)

As far as the behavior of the second queue is concerned,
we need to determine the coefficient of variation of the arrival
process to it. The inter-arrival times at the EC are the inter-
departure times from the BS. For the coefficient of variation
of the latter, we can use the approximate expression [10]:

c2a,EC = c2d,BS = (1− ρ2BS)c
2
a,BS + ρ2BSc

2
s,BS , (14)

where ca,EC is the coefficient of variation of the inter-arrival
times at the EC, cd,BC is the coefficient of variation of
the inter-departure times from the BS, ρBS = nλΘ

C is the
utilization ratio of the BS, ca,BS is the coefficient of variation
of inter-arrival times at the BS, and cs,BS is the coefficient of
variation of service times at the BS.

Let us take a closer look at (14). As we have approximated
the queue at the BS as an M/D/1, the arrival process is Poisson,
implying ca,BS = 1. There is no variance in the service time
in an M/D/1, hence, cs,BS = 0. This reduces (14) to

c2a,EC = 1− n2λ2Θ2

C2
< 1, (15)

resulting in low variance inter-arrival times at the EC.
Having characterized the arrival process at the G/D/1 queue

(EC), for the queueing delay of the latter we are going to
use an approximation for the average queueing delay of a
G/D/1 queue from [11]. Adapting the approximation [11] to
our G/D/1 queue, we obtain:

E[T2] =
Θ

E
+ c2a,ECc

2
s,ECE[TQ,M/M/1] +

c2a,EC(1− c2s,EC)E[TQ,M/D/1] +

c2s,EC(1− c2a,EC)E[TQ,D/M/1], (16)

where E[TQ,M/M/1], E[TQ,M/D/1], and E[TQ,D/M/1] denote
then average queueing delays of “equivalent” M/M/1, M/D/1,
and D/M/1 queues, respectively.

Given the deterministic nature of the service process at the
EC, it follows that cs,EC = 0, reducing (16) to

E[T2] =
Θ

E
+ c2a,ECE[TQ,M/D/1]. (17)

Substituting (15) into (17), and then applying the P-K formula
to the “equivalent” M/D/1 queue of the EC, we obtain

E[T2] =
Θ

E
+

(
1− n2λ2Θ2

C2

)
· Θ

2E
·

nλΘ
E

1− nλΘ
E

, (18)

where the term Θ
2E ·

nλΘ
E

1−nλΘ
E

is simply the queueing delay of
the M/D/1 queue (from the P-K formula).

Adding (13) and (18), we obtain the following:

Lemma 2. The total system time a packet spends in the BS
and EC can be approximated by



E[T ] = E[T1] + E[T2] =
Θ

2C
·
2− nλΘ

C

1− nλΘ
C

+

Θ

E
+

(
1− n2λ2Θ2

C2

)
· Θ

2E
·

nλΘ
E

1− nλΘ
E

. (19)

In this second approach the admission policy is determined
based on the requirement of not exceeding an average value of
the total delay per packet (including its time in the BS and EC).
Let us denote this maximum latency by Tmax. Therefore, using
Lemma 2 we have the following requirement that determines
the maximum number of mMTC users that can be admitted:

E[T ] ≤ Tmax. (20)

Combining (20) with (19), after some calculus, we obtain:

Result 3. The maximum number of mMTC homogeneous
users that can be admitted with traffic generation rate λ,
whose number of packets created at once underlie the random
variable N and are with fixed packet size Θ, in a BS with
processing capacity C and a collocated EC with computation
capacity E such that the average system time per packet does
not exceed Tmax is the largest n for which the following
inequality holds
λ4Θ5n4 − λ3Θ4Cn3 + λ2Θ2C(CΘ+ EΘ− 2CETmax)n

2

−λΘC(ΘE2 + 4CEΘ+ΘC2 − 2CE(C + E)Tmax)n

+2C2E(CΘ+ EΘ− CETmax) ≤ 0. (21)

Obtaining a closed-form solution to this inequality is not
tractable as its left-hand side (LHS) is a fourth-order polyno-
mial in n. Consequently, we need to obtain the solution for
the maximum value of n that satisfies (21) numerically. On a
different note, the larger the value of Tmax is, i.e., the more
relaxed the system is in terms of the mean delay, the higher
the number of admitted mMTC users.

IV. ADMISSION CONTROL FOR HETEROGENEOUS USERS

In this section, we provide the analysis enabling to design an
admission policy for heterogeneous users, taking into account
both the BS and EC finite resources. As now we are dealing
with users with different characteristics, the assumption is
that there are already n − 1 mMTC users receiving service
successfully. The traffic and channel characteristics of these
users are described by Ri, λi, Ni,∀i ∈ {1, . . . , n − 1}, and
they generate fixed-size packets (Θ).

We provide two different schemes for admission policy for
heterogeneous users as well, similarly to the homogeneous-
users case: utilization-dependent and average-delay-dependent
admission policies.

A. Utilization-dependent admission policy

Stating that the n− 1 already-present users receive service
successfully, i.e., there are enough resources to serve them,
implies that the following relation holds (according to (10))

n−1∑
i=1

λiE[Ni]Θ < min(C,E). (22)

It can be observed that the term nλE[N ] ((n − 1)λE[N ])
in homogeneous users case is replaced by

∑n
i=1 λiE[Ni]

(
∑n−1

i=1 λiE[Ni]) for heterogeneous users.
The new mMTC user (user n) with traffic generation rate

λn and number of generated packets (of size Θ) underlying
the random variable Nn is admitted if the traffic it generates
does not violate (22), i.e., if upon its admission the following
relation still holds:

n∑
i=1

λiE[Ni]Θ < min(C,E), (23)

or equivalently,

λnE[Nn]Θ +

n−1∑
i=1

λiE[Ni]Θ < min(C,E), (24)

yielding the following admission policy:

Result 4. Given a set of n − 1 mMTC users (with traffic
generated at rate λi), whose per-PRB rates are Ri(t), and the
corresponding number of generated packets (of size Θ) at once
underlying discrete random variable Ni, ∀ i = 1, . . . , n − 1,
a new user with mMTC traffic that is generated at rate λn,
per-PRB rate Rn(t), and with the number of packets (with
identical size as the other users) generated at once according
to Nn, will be admitted in the system where the forwarding
capacity of BS is C and the computation capacity of EC is E,
if its traffic intensity λnE[Nn] satisfies

λnE[Nn] <
min(C,E)

Θ
−

n−1∑
i=1

λiE[Ni]. (25)

Result 4 implies that the less sparse the traffic from an
mMTC user is, the higher its chances to be served successfully
by the BS and EC. Due to the sporadic nature of the mMTC
traffic, the channel statistics play no role in the decision
whether to admit a new user or not.

B. Average-delay-dependent admission policy

We proceed with the second admission policy for heteroge-
neous users, which depends on the maximum value the average
packet delay should not exceed. This is similar to what we did
when dealing with homogeneous users.

In line with the differences in admission policies for
homogeneous and heterogeneous users when considering a
maximum utilization, we follow a similar approach in this
case as well. Namely, instead of nλ we need to use

∑n
i=1 λi.

Then, applying this change throughout (13)-(20), we obtain
the following admission policy (due to space limitations we
omit showing the procedure):

Result 5. Given a set of n − 1 mMTC users (with traffic
generation rates λi), and the corresponding number of gener-
ated packets (of size Θ) at once underlying discrete random
variables Ni, ∀ i = 1, . . . , n−1, a new user with mMTC traffic
generated at rate λn, and with the number of packets (with
identical size as the other users) generated at once according
to the discrete distribution Nn, will be admitted in the system
where the BS capacity is C and the EC computation capacity
of E, if the following inequality holds



TABLE II
PER-PRB RATES AND THE CORRESPONDING PROBABILITIES FOR EVERY USER TYPE (6 IN TOTAL) FROM THE REPUBLIC OF IRELAND TRACE [13]

R (kbps) 24 36.8 60.9 96.1 141 189 237.1 356 386.1 437.4 531.9 624.8 724.2 820.3 889.2
p1,k 0 0.1 0.72 0.04 0.05 0.09 0 0 0 0 0 0 0 0 0
p2,k 0 0 0.2 0.7 0.1 0 0 0 0 0 0 0 0 0 0
p3,k 0 0 0 0 0.01 0.12 0.51 0.32 0.01 0.01 0.02 0 0 0 0
p4,k 0 0 0 0 0 0.01 0.98 0.01 0 0 0 0 0 0 0
p5,k 0.24 0.04 0.07 0.04 0.04 0.06 0.16 0.15 0.01 0.01 0.06 0.06 0 0.03 0.03
p6,k 0.18 0.11 0.1 0.06 0.05 0.1 0.17 0.11 0.02 0.04 0 0.03 0 0.02 0.01

Θ5

(
n∑

i=1

λi

)4

− CΘ4

(
n∑

i=1

λi

)3

+CΘ2(CΘ+ EΘ− 2CETmax)

(
n∑

i=1

λi

)2

−CΘ(E2Θ+ 4CEΘ+ C2Θ− 2CE(C + E)Tmax)

n∑
i=1

λi

+2C2E(CΘ+ EΘ− CETmax) ≤ 0. (26)

The lower the value of λn is, the higher the chances for user
n to be admitted in the cell. Similarly, higher Tmax (higher
flexibility) implies a higher probability to admit user n.

V. PERFORMANCE EVALUATION

First, we describe the simulation setup. This is followed by
results on homogeneous and heterogeneous users as functions
of different parameters, and by some further assessments.

A. Simulation setup

As input parameters, we used a 5G dataset, obtained in
a measurement campaign (not by us!) in the Republic of
Ireland [12], with a description provided in [13], and a detailed
statistical analysis in [14]. The parameter of interest from the
trace is CQI, which serves to determine the per-PRB rate of a
user in a slot. We chose six users that were static, to capture
more reliably the behavior of mMTC users. Based on the
frequency of occurrence of a per-PRB rate for every mMTC
user, we got the corresponding per-PRB rate probabilities,
which are shown in Table II.

The slot duration is 1 ms. The subcarrier spacing is 15 KHz,
with 12 subcarriers per PRB, resulting in a PRB width of
180 KHz. The total number of PRBs is K = 100 [6], whereas
the computing capacity, E, is varied in different scenarios. The
simulations are performed using MATLAB R2022b.

B. Validations for Homogeneous Users

We validate the results for the maximum number of mMTC
users that can be admitted according to both approaches:
utilization-dependent admission policy, to which we refer to
as Approach 1 from now on, and average-delay-dependent
admission policy, referred to as Approach 2 in this section.

1) Approach 1: We validate the results related to the max-
imum number of admitted mMTC homogeneous users in the
system (12). We do this for two types of users from Table II,
user types 1 and 2. In terms of the BS and EC capacity,
we consider two combinations. In the first, C = 100 Mbps,
E = 50 Mbps; whereas in the second, C = 100 Mbps, E =
150 Mbps. The data generation rate is fixed to λ = 10 s−1,
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Fig. 3. The maximum number of admitted users with Approach 1 when
λ = 10 s−1 and [20, 50] packets are transmitted at once for user type 1 (two
scenarios).

and the time between two successive generations of data is
exponentially distributed. The number of packets generated
at once is uniform from the range [20, 50]. We assume that
all the mMTC users are 1 km away from the BS, implying
a propagation delay of 3.3 · 10−5 s. The theoretical result is
obtained from (12).

When it comes to the simulation, the results are obtained as
follows. For an mMTC user, the generated data are transmitted
to the BS. Besides the propagation delay, the transmission de-
lay (which takes into account the per-PRB rate at the moment
of data transmission) is added to determine the moment of
arrival at the BS. The data from the BS are forwarded to the
EC following the FCFS order of service. This is done for
every mMTC user. As the EC is collocated with the BS, we
assume that the propagation delay is negligible. To determine
when to stop adding new mMTC users (determining nmax),
we simulate the queueing network BS-EC, with corresponding
service rates equal to C and E. New mMTC users are added
until the utilization ratio of the system remains below k = 0.9
(see Footnote 6).

Fig. 3 depicts the theoretical and simulation results for
Approach 1 with the two combinations of BS and EC ca-
pacities mentioned previously for user type 1. The values of
packet sizes are in the range [1, 5] kbits. As can be observed
from Fig. 3, our theoretical result can accurately predict the
maximum number of admitted users. For smaller packet sizes,
more than 100 of type 1 users can be admitted in both cases
of service capacities. For example, when C = 100 Mbps and
E = 50 Mbps, the number of mMTC admitted users of type 1
can reach up to 127. As the packet size Θ increases, the
number of admitted users decreases, which is to be expected.
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Fig. 4. The maximum number of admitted users with Approach 1 when
λ = 10 s−1 and [20, 50] packets are transmitted at once for user type 2 (two
scenarios).

When C = 100 Mbps and E = 150 Mbps, more users can be
admitted as the utilization ratio is lower for the same number
of users compared to the first case. With lower λ, the number
admitted users increases proportionally.

Next, we look at the results for user type 2 (Table II), whose
channel characteristics are worse than of user type 1. We con-
sider two combinations in terms of C and E: C = 150 Mbps,
E = 100 Mbps and C = 100 Mbps, E = 50 Mbps. Fig. 4
illustrates the results in both these scenarios. Again, for user
type 2 as well, there is a match between the theoretical and
simulation results in all cases. The number of admitted users
when E = 100 Mbps is twice as high as for E = 50 Mbps.
The reason is that the maximum number of admitted users is
proportional to the bottleneck capacity in the network. In both
cases, the EC is the bottleneck - 100 Mbps in the first and
50 Mbps in the second case, implying the 2× factor. Another
observation from Fig. 3 and Fig. 4 is that the same number
of type 1 and type 2 mMTC users can be admitted when
C = 100 Mbps and E = 50 Mbps. This corroborates the
insensitivity of the number of admitted mMTC users on the
actual channel conditions of those users, and its dependency
only on their traffic patterns.

Next, we look at the dependency of the maximum number
of admitted mMTC users on the generation rate λ. We do this
for user type 3 and user type 4. For the former, we consider
the following two cases: C = 80 Mbps, E = 60 Mbps and
C = 60 Mbps, E = 40 Mbps. The packet size is fixed to
Θ = 5 kbits. The simulation is run in the same way as when
obtaining the previous results. Fig. 5 shows the theoretical
results (12) vs. simulation results for user type 3. There is
a good match in this case as well. As expected, fewer users
with more dense traffic can be admitted. For instance, when
λ = 2 s−1, 5× more users can be admitted than when λ =
10 s−1. The reason for this behavior - the number of admitted
users is inversely proportional to the traffic generation rate.
Also, in the first scenario (the combination of C = 80 Mbps,
E = 60 Mbps) more users can be admitted than for the same
generation rate with the second combination (C = 60 Mbps,
E = 40 Mbps), since it has lower resource utilization.
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Fig. 5. The maximum number of admitted users with Approach 1 when
packets are of size 5 kbits and [20, 50] packets are transmitted at once for
user type 3.

2 3 4 5 6 7 8 9 10

Packet generation rate (1/s)

20

40

60

80

100

120

140

160

180

200

220

M
a

x
. 

n
r.

 u
s

e
rs

Th: C=100 Mbps, E=80 Mbps

Sim: C=100 Mbps, E=80 Mbps

Th: C=60 Mbps, E=60 Mbps

Sim: C=60 Mbps, E=60 Mbps

Fig. 6. The maximum number of admitted users with Approach 1 when
packets are of size 5 kbits and [20, 50] packets are transmitted at once for
user types 4.

The results (as a function of λ) for user type 4 are
portrayed in Fig. 6 for two different combinations of C and
E: C = 100 Mbps, E = 80 Mbps and C = 60 Mbps,
E = 60 Mbps. The same conclusions as in previous scenarios
follow. Theoretical predictions match actual results.

2) Approach 2: We proceed with validating the results
for the maximum number of admitted mMTC users using
Approach 2. The corresponding analytical results in this sub-
section are obtained using (21). As for the simulation, packets
are generated similarly to Approach 1, with the difference that
for each number of admitted users the simulation is run for
106 packets and the mean is computed. Then, this mean is
compared to Tmax, and if it is smaller than the latter, the
number of admitted users is further increased until the average
packet delay in the system exceeds Tmax. The last value of n
for which E[T ] ≤ Tmax is the simulated nmax.

Fig. 7 shows the theoretical and simulated values of nmax

(obtained with Approach 2) for user type 5 as a function of
Θ, for λ = 20 s−1 and Tmax = 50 ms. Users transmit a
packet at a time. The values of C and E are identical to those
corresponding to the scenario of Fig. 3. As can be observed
from Fig. 7, there is a match between analytical and simulation
results in both scenarios of the combinations of C and E,
which justifies the use of Approach 2 for the mean delay (19).
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Finally, we look at the impact of Tmax on the maximum
number of admitted users. Users of interest are type 6. The
other parameters are C = 100 Mbps, E = 50 Mbps, Θ =
5 kbits, and λ = 10 s−1. A user transmits 35 packets at once.
Fig. 8 illustrates the results. The values on the x-axis denote
the increase in Tmax. For instance, ‘5-6’ denotes the increase
of Tmax from 5 to 6 ms. The y-axis portrays the average
increase in the number of admitted users per millisecond
increase in Tmax. The value 10 on the y-axis corresponding to
‘5-6’ on the x-axis means that when Tmax increases to 6 ms,
10 more mMTC users can be admitted compared to when
Tmax is 5 ms. On the other hand, when Tmax increases from
10 to 15 (‘10-15’ on the x-axis), on average 0.8 more users
can be admitted for each millisecond increase in Tmax. As can
be observed from Fig. 8, the increase in the admitted number
of users diminishes with relaxing Tmax. The reason for this
behavior lies in the fact that when increasing the number of
user to the point when utilization exceeds 0.95 every newly
admitted users would lead to an explosion of the mean delay.

C. Results for Heterogeneous Users
1) Approach 1: Now, because of the heterogeneity of the

users we follow a slightly different approach. For heteroge-
neous users, in deciding whether or not to admit a new user
or a group of them, after some mMTC users are already being
served (of course assuming that those already-present mMTC
users can successfully transmit their data and they can be
processed), we proceed as follows. In the scenario of interest,
the already-present mMTC users are types 1-5 (Table II), with
these characteristics:

• type-1 users: n1 = 1200, N1 = [5, 65], λ1 = 0.05 s−1;
• type-2 users: n2 = 1500, N2 = [10, 50], λ2 = 0.02 s−1;
• type-3 users: n3 = 2000, N3 = [15, 75], λ3 = 0.05 s−1;
• type-4 users: n4 = 3500, N4 = [10, 70], λ4 = 0.01 s−1;
• type-5 users: n5 = 6000, N5 = [4, 36], λ5 = 0.02 s−1.
All the mMTC users generate batches of data comprising

packets with size Θ = 4 kbits, and the batch sizes follow
uniform distributions with minimum and maximum values
given above for the corresponding user type, Ni. The other
parameters are C = 100 Mbps and E = 50 Mbps.
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Fig. 8. The average increase in the number of admitted users for each
millisecond increase in Tmax, for user type 6. There are 35 packets of size
5 kbits transmitted at once.

TABLE III
HETEROGENEOUS USERS: THE RATIO OF LHS AND RHS OF (25)

Data generation rate (λ) 0.01 0.02 0.03 0.04 0.05
Sc. A 0.25 0.5 0.75 1 1.25
Sc. B 0.225 0.45 0.675 0.9 1.125
Sc. C 0.38 0.76 1.14 1.52 1.9

Due to the traffic sparsity, instead of a single user, we
consider the admission of a group of them belonging to the
same type. To that end, (24) should be modified so that its LHS
comprises the sum of the newly arrived users’ λiE[Ni] (and
not of a single arriving user). In this case, we consider three
scenarios. In Sc. A, 500 type-6 users “arrive” to the system,
with N6 = [30, 90]. A total of n6 = 600 type-6 users with
N6 = [10, 80] require admission in the cell in Sc. B. Finally,
in Sc. C, there are n6 = 700 users with N6 = [50, 80].

We show results for different values of generation rate
λ. The outcomes are depicted in Table III. The results are
obtained by dividing the LHS of (25) by its right-hand side
(RHS). These users (type 6) will be admitted if that value is
lower than 1. Observing Table III, it can be noticed the impact
of the traffic pattern on the decision whether to admit some
users or not. For example, when λ = 0.03 s−1, in Sc. A and
B, type-6 users can be admitted, as opposed to Sc. C in which
there are not enough resources to serve the users. In Sc. C
there are more users sending more packets.

2) Approach 2: In this scenario, the users of interest and
all other parameters are identical as in Approach 1. We check
whether type 6 users can be admitted.

We illustrate results for different Tmax in Table IV. The data
generation rate is λ6 = 10 s−1. Now, users send a packet a
time of size 10 kbits. Type-6 users for a scenario are admitted
only if the respective LHS value of (26) is negative.

What can be observed from Table IV is that starting from
Tmax = 2 ms and down, there are not enough resources to
admit type 6 users in any of the scenarios. Given that there
are fewer type-6 users in Sc. A, they can be admitted for
Tmax = 5 ms, which is not the case in Sc. B and C. The stricter
we are in terms of Tmax, the fewer users can be admitted.



TABLE IV
HETEROGENEOUS USERS: THE LHS OF (26) AFTER DIVISION BY 1038

Tmax 1 ms 2 ms 5 ms 10 ms 50 ms
Sc. A 1.41 1.05 -0.0442 -1.86 -16.4
Sc. B 3.2 2.62 8.8 -2.02 -25.2
Sc. C 6.26 5.41 2.87 -1.37 -35.3

VI. RELATED WORK

Admission policies for eMBB traffic are proposed in [3],
where the channel variability of the users is a major factor in
determining the number of admitted users. Admission policies
for URLLC traffic are presented in [15], where the worst-
channel conditions of the users determine their maximum
number in the cell. Considering the computation requirement
for URLLC on top of the RAN resources has been considered
in [4]. Another work considers the admission control jointly
for URLLC and eMBB users [16].

In [17], the radio resource management techniques are
considered for both mMTC and eMBB users in small cells.
However, there is no admission control analysis for neither
of them. Deciding on how to slice the RAN resources for
machine-type communications and other traffic types is the
focus of [18], but the admission control problem is completely
omitted, and cannot be derived from the analysis provided
there. The use of Non-Orthogonal Multiple Access for mMTC
traffic is considered in [1], with the goal of maximizing
throughput subject to a power constraint. However, there are
no admission policies provided in [1] either. A congestion and
admission control policy for network slices in 5G, without
specifying the service type, is presented in [19].

The resource allocation for machine- and human-type com-
munications is the focus of [20], where a two-phase optimal
resource allocation algorithm is proposed, with the mMTC
traffic receiving resources in the second (lower priority) phase.
But, there are no admission policies for mMTC users.

In [21], the problem of distributed resource assignment
among mMTC users is considered. The authors use a multi-
agent deep reinforcement learning model with the goal of
minimizing the traffic delay. However, the problem of admis-
sion control is not considered, which is what we do in our
paper. Similarly, joint access control and resource allocation
for mMTC traffic was the focus of [22], where the followed
approach is based on tagged preamble. However, the admission
control problem is not considered in that work either.

When it comes to admission control for mMTC traffic, the
corresponding policies have been provided in [23]. However,
the computation part is not considered there, with allocation
performed only over RAN. In the current work, we consider
the admission control taking into account both the communi-
cation and computing component.

VII. CONCLUSION

In this work, we considered the problem of admission
control of mMTC users with computation requirements in
5G. We derived the admission policies for homogeneous
and heterogeneous users, based on the traffic intensity and
channel conditions. For homogeneous users, we derived the

maximum number of mMTC users that can be admitted.
For heterogeneous users, we provided an inequality that the
traffic parameters of the newly arriving users need to fulfill
so that they can be admitted. We ran simulations on a 5G
dataset. Results show that the number of admitted users
almost completely depends on the traffic pattern and that the
entity with the lower capacity (forwarding for the base station
and processing for the edge cloud) determines the maximum
number of admitted users.

As part of our future work, the plan is to consider the
admission control jointly for traffic of different services by
performing the appropriate network slicing.
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