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Abstract
In this work, we propose a resource scheduling optimization problem to ensure quality-of-service (QoS) in a dynamic
multiplexing scenario of URLLC (Ultra-reliable low latency communication) and eMBB (Enhanced mobile broadband) services.
The services requiring high bandwidth such as augmented reality and video streaming are classiﬁed as eMBB trafﬁc, whereas
services like remote surgery and autonomous driving that demand sub-millisecond latency with minimum error rates are
classiﬁed as URLLC trafﬁc in 5G New Radio (NR). We characterized these services for a dynamic multiplexing scenario,
where we target to ensure the stringent requirements of URLLC trafﬁcs while guaranteeing the data rate of eMBB users.
To that end, we formulate a resource scheduling optimization problem with multiplexed eMBB-URLLC services. Here, we
consider a puncturing technique that allows URLLC trafﬁc to schedule over the ongoing eMBB transmissions. Next, we
investigate the problem of Resource Blocks (RBs) allocation to eMBB users with a 2-Dimensions Hopﬁeld Neural Networks
(2D-HNN) formulation. Simulation results show the efﬁcacy of our proposed method, in terms of fairness and achievable data rate.
Keywords – 5G New Radio (NR), eMBB, URLLC, resource scheduling, Neural Networks.

I. I NTRODUCTION
The upcoming 5G networks expects unprecedented surge
of heterogeneous cellular services. Speciﬁcally, the services
requiring stringent latency requirements, and those demanding
high data rate will dominate the upcoming mobile networks.
However, in the existing network, it is almost impossible to
ensure both of these requirements at the same time [1]. This is
due to the fact that the current network architecture primarily
focuses on maximizing the overall network throughput, using
long packets. In doing so, to ensure ultra-reliability, a way
would be to use short packets [2]; however, it dramatically
reduces the data rate. Thus, the challenge to efﬁciently manage
radio resources for fulﬁlling QoS requirements of the these
diverse upcoming services remains.
In 5G New Radio (NR), new features classifying these
peculiar services are deﬁned based on their requirements [3].
The services are characterized as: (i) enhanced Mobile Broad
Band (eMBB), (ii) massive Machine Type Communications
(mMTC), and (iii) Ultra Reliable Low Latency Communications (URLLC). The services requiring high bandwidth such as
augmented reality and video streaming are classiﬁed as eMBB
trafﬁc. Basically, eMBB is characterize like internet access
service, similar to an extension to Long Term EvolutionAdvanced (LTE-A) [4]. The services characterizing sporadic
nature of trafﬁc, such as with Internet-of-Things (IoT), in
particular, like sensing and monitoring services, is deﬁned as
mMTC. It can be considered as narrow-band internet access
where the nodes are active for a short time interval. Similarly,
services like remote surgery and autonomous driving that
demand sub-millisecond latency with minimum error rates
are classiﬁed as URLLC trafﬁc. For an example, reliability is
deﬁned as (1−10−5 ) success probability while a user transmits

a Protocol Data Unit (PDU) of 32 bytes within 1ms [5]. This is
deﬁned as QoS requirements of URLLC by the current 3GPP
standards.
In this work, we employ puncturing techniques, which is
one of the approach to deal with the stringent requirements
(i.e., in terms of latency and reliability) for spectrum management in 5G NR to satisfy URLLC [6]. This method is
concurrent to the standards set by 3GPP report, where URLLC
trafﬁc needs to be immediately transmitted for meeting their
QoS requirements [7]. We consider the coexistence of eMBBURLLC trafﬁc, where under the puncturing mechanism, the
5G NodeB (gNB) will drop ongoing eMBB transmissions
to satisfy QoS requirements of URLLC trafﬁc in the upcoming time slot. The dropped eMBB users because of
puncturing will be rescheduled [8], [9], [10]. To that end,
we formulated a resource scheduling optimization problem
with multiplexed eMBB-URLLC services. We adopted our
proposed 2-Dimensional Hopﬁeld Neural Network (2D-HNN)
solution [11] to solve the formulated problem. In doing so,
we use Cumulative Distribution Function (CDF) of the random
URLLC trafﬁc to relax the chance constraint to a deterministic
linear constraint in the optimization problem.
II. P ROBLEM F ORMULATION
We sequentially tackle the problem of resource scheduling
and allocation in this section. In doing so, we ﬁrst deﬁne the
RB allocation formulation to derive an eMBB scheduler. Next,
we consider the multiplexing scenario, where we consider
the QoS constraint and latency requirements of both eMBBURLLC services. Here, a neural network based eMBB users
scheduling strategy is adopted, following our earlier work
[11]. Furthermore, also relax the chance constraint to derive
solutions for the scheduling problem.
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We consider K ∈ K eMBB users available within a timeslot T and a set of URLLC nodes U ⊆ K requesting services
in frequency-time slot. B is the effective bandwidth in each
slot, which is further divided into mini slots (tm ) such that
resource fη (tm ) = B/η, for η > 0. Furthermore, fη (tm ) is
quantize into N levels. Then, xk(tm ),N ∈ {0, 1} denotes the
RB association variable such that fη (tm ) = xN
k (tm ) · N , for
each associated user k.
A. Resource Blocks Allocation to eMBB Trafﬁcs
The instantaneous rate for an eMBB user k at time slot T
is given as
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where fη (tm )xN
k (tm )xk(tm ),N is the total spectrum allocated,
ρk is the transmission power, |Gk |2 is the channel gain
between user k and the base station, and No is the noise power.
Then, following (1), the rate of all eMBB users in time slot
T is
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such that k∈K fη (tm )xk (tm )xk(tm ),N ≤ B.
In this regards, we can deﬁne the average data rate for user
k up to time t as
R̃ke (t) = ζ R̃ke (t − 1) + (1 − ζ)Rke (t)

(3)

where ζ ∈ [0, 1]. Therefore, the optimization problem for
eMBB scheduler can be formulated as

Rke (T )
Max
k∈K
x
[R̃e (T )]α
 k
(4)
s.t
C1 :
xk(tm ),N ≤ 1, ∀k ∈ K
N ∈N

C2 : xk(tm ),N ∈ {0, 1}, ∀k ∈ K, N ∈ N .

Fig. 1. CDF of the total data rate at α = 1.

Let the arriving URLLC trafﬁc load during time t is characterized by the random variable X(t). Then, the corresponding
outage probability of URLLC trafﬁc is deﬁned as
P (O) = P (RTu < X(t))

(6)

RTu

is the instantaneous rate of URLLC trafﬁc i.e.,
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where

Therefore, the proposed scheduler aims at maximizing the total
data rate of eMBB users while satisfying the latency stringent
constraint of URLLC trafﬁc as follows:
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where the constraint (4)C1 ensures that each RB is allocated
to only one user at a time. The solution of (4) is the allocation
matrix x with each element deﬁned as

1, if N ∈ Nk ;
xk(tm ),N =
(5)
0, Otherwise,
where Nk is the set of all RBs allocated to the eMBB user k.
For shorthand representation, we will use xk,N for xk(tm ),N
hereafter.
B. Resource Scheduling Mechanism for eMBB-URLLC Trafﬁcs
In a scenario of dynamic multiplexing between eMBBURLLC trafﬁcs, we assume that the impact of eMBB trafﬁc
to punctured resources by URLLC trafﬁc is proportional [12].
Consider ηuk is the level of punctured RBs within a time slot
T of eMBB user k i.e., the impact on the data rate of eMBB
users.

where (8)C1 characterizes the maximum outage probability of
the URLLC trafﬁc, namely the reliability level with the probability value . Constraint (8)C2 ensures that the proportion
of resources to the URLLC load is no more than the allocated
resources for eMBB users. In order to obtain a close form
solution for the optimization problem, we ﬁrst need to relax
the chance constraint (8)C1 . Then, we solve the problem by
using 2-Dimensions Hopeﬁeld Neural Networks (2D-HNN).
III. S IMULATION R ESULTS
We evaluate the performance of our proposed solution
approach in terms of achieved data rate and fairness. For this,
we consider 10 eMBB users with different channel states. In
each time slot, we consider that 100 RBs are available, and
each RB is 180 kHz. Note that 5G NR permits a large number
conﬁguration varying from 15kHz to 480kHz. We will present
them accordingly in this section.
In Fig. 1, for the different values of reliability metrics  at
α = 1, we evaluate the CDF of the total data rate of all eMBB
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arrival URLLC trafﬁc. Using the comparison results, we have
demonstrated the efﬁcacy of our proposed mechanism, where
we have highlighted the impact of QoS constraints upon
overall sum-rate of the network.
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