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Abstract

The main goal ofNew Radio 5G (NR) mobile technology is to support three generic service categories, each with very specific requirements.
The first category is enhanced Mobile Broadband (eMBB), the second category relates to massive Machine-Type Communications (mMTC),
and the third category relates to ultra-Reliable Low Latency Communications (URLLC). The slicing of the radio part of 5G network access
network has greatly contributed to the emergence of these three categories of service with different qualities of service. This division therefore
enabled the network to reserve the necessary resources for each category of services, orthogonally, and according to the performance required.
In this article, we have dealt with the problem of Call Admission Control (CAC) in 5G networks where we have considered the case of the only
two categories eMBB and uRLLC, which their users are served by a single cell. We calculated the maximum eMBB users admitted into the
system with guaranteed data rate, while allocating power, bandwidth, and beamforming directions to all uRLLC users whose latency
requirements and reliability are always guaranteed. We only considered the downlink communication, and we used the case of the multiple-
input single-output (MISO) system. This CAC problem is formulated as a minimization problem /; which is known as NP-hard problem. We
therefore chose to use Sequential Convex Programming (SCP) to find a suboptimal solution to the problem.
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1. Introduction

The New Radio of the Fifth Generation (5G NR) is the successor radio access technology to the Fourth Generation (LTE-
Advanced) technology introduced by the Third Generation Partnership Project (3GPP). 5G is introduced to allow users to access
increasingly large information and with greater reliability and very low latency and also to share data anytime and anywhere and
with any other users or any connected objects [1, 2]. 5G also allows a very high connection density compared to previous
generations. It thus enables applications that were until then very difficult to provide or even impossible such as the connection
and control of autonomous vehicles, virtual reality and augmented reality, the smart city, factory automation, telemedicine, etc.
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5G technology introduces three main categories of services. The first category is for enhanced mobile broadband (eMBB), the
second category is for ultra-reliable low latency communications (uURLLC), and the third category is for massive machine-type
communications (mMTC) [3].

- eMBB provides very high data throughput, high spectral efficiency and wide coverage;

- uRLLC allows applications which are very demanding in terms of reliability and latency;

- mMTC allows very high traffic density and connectivity of a large number of equipment and devices.

There are several circumstances in which users of eMBB and uRLLC share the same limited resources; for example, autonomous
vehicles (AV) that use applications which require very short latency for high responsiveness, high transmission reliability to avoid
accidents and allow complex maneuvers, high precision and finally high data throughput to process large amounts of data used in
these vehicles.

According to 3GPP, uRLLC's quality of service (QoS) requirements are ultra-high reliability (e.g. 99,999% success probability)
and low transmission latency of 1ms, while eMBB requires high data rates which can reach 1Gbps [3]. The coexistence of eMBB
and uRLLC users in the same resource and in the same cell is a very delicate task. Indeed, simultaneously achieving high rates for
eMBB users and ultra reliability and low latency for uRLLC users becomes a difficult planning task as there the challenge is a
trade-off between latency, reliability and obtaining high throughputs [4].

On the other hand, the principle of admission control in cellular mobile networks [5] can be defined as the search for capacity,
that is to say the maximum volume of traffic or even the maximum number of users that can be admitted simultaneously in the
system, while making efficient use of available resources and also meeting quality of service (QoS) requirements. It is this principle
that we will adopt in this article. Another principle of admission control, also widely used by researchers in this field, is to decide
on the possibility of admission, into the system, of a newly arrived traffic or of a newly arrived user taking into account the
constraints of available system resources and incoming traffic QoS requirements.

We also define effective bandwidth as the maximum achievable amount of bandwidth required to meet QoS requirements [6,7].
The reliability and latency requirements of the uRLLC user are guaranteed when the maximum achievable throughput of the
uRLLC user is greater than or equal to the effective bandwidth [8].

In this article, we have considered the case of a downlink of a multi-input single-output (MISO) network. We have assumed
that there is orthogonal spectrum sharing between users of the eMBB and uRLLC service categories to avoid interference and thus
have them cohabit in the same system and share the same limited resources [9]. The maximum data rate that can be achieved by
an eMBB user is modeled using Shannon's formula. Since the packet length of a uRLLC user is very small, to model the data rate
of a uRLLC user, we modified Shannon's formula using an adequate approximation of Shannon's capacity valid for block lengths
that are short [10,11]. We have formulated the problem as a minimization problem 10. This is a non-deterministic polynomial-time
problem considered as NP-hard which requires generally metaheuristic algorithms to resolve it. Therefore, it is necessary to make
an approximation to find an optimal solution. To do this, several approximation methods exist. In this article, we have the choice
for the sequential convex programming (SCP) method for simplifying the resolution of our problem.

The rest of this article is organiezd as follow, section 2 presents the formulation of the problem and the modeling of the system,
it presents the general framework presenting the case where a single multi-antenna cell serves users whose services are different
and heterogeneous belonging to the two categories of services eMBB and uRLLC and each user has only one recceiver antenna,
this section also introduces the admission control optimization problem and section 3 discusses a proposed method for resolvingthis
optimization problem and finally section 4 concludes this article.

2. System modeling and formulation of problem
2.1. General problem framework

We consider the following model in which we consider the downward direction of a single cell of a MISO (Multiple Input and
Single Output) type system for which we assume that the 5G base station (gNB) has N transmission antennas and each user has a
single receiving antenna [12]. We also consider that gNB only transmits data to its users who are attached to it (Fig.1).

We denote by U the set which includes all users of the eMBB and uRLLC services. All users of the eMBB category is noted as

Us and the set of users in the uRLLC category is denoted by Uk, with Card(U,)=K and Card(Uy)=L , where

Carddenoted the cardinality of a set. We also have U =U , WU, and Card(U) = K + L (since each user is served by a single

category of services).
In this paper we assume that the equipment of each of the K + L users is equipped with a single receiving antenna (MISO type
system).
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Fig. 1. Downlink transmission with coexistence of eMBB and uRLLC services

We consider in this article that the spectrum sharing between all eMBB and uRLLC users is orthogonal [13,14]. We denote by
W the width of the total band and we consider that the sum of the bandwidth for eMBB users (denoted Wg) and that for uRLLC
users (denoted Wr) is equal to W:

W =W, +W, M

The separation of the two bands made it possible that interference between eMBB and uRLLC users be avoided.In addition, we
suggest giving a separate portion of bandwidth for each uRLLC user and we are also considering orthogonal frequency division
multiple access (OFDMA) for uRLLC users. This implies that users are assigned orthogonal resources and therefore there is no
interference between uRLLC users [15].

2.2. Formulation of the admission control problem
In the following, we will present the admission control problem. The signal transmitted by the base station (gNB) is given by:

X=>p.du, @

keU
a A
where, X = (XI,XZ,...,XN) and U, = (uk,l s Up gseees uk’N) and”llk”2 =1
dj is the data symbol of the kth user.
Uy is a unit vector and py is the power of the kth user (,/ p, u, is the beamforming signal)

It is assumed that the data flows are independent.
On the other hand, the signal received by the kth eMBB user is given by:

B B B B B B B B B B
v, =d, \p; <h,,u] >+Zdl. NP, <h;u; >+n, 3)
i=1
i’¢k
B N . . .
h . € C" is the channel vector going (out of) the base station to the kth user,
B N, . .
u . € C" is a unit vector (normalized beamformer)

pfis the power for the kth user of eMBB services
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n ,f :CN(0; a,i 3 )is the additive Gaussian white noise (AWGN) at the level of the kth user, with

2 . . . . L
Oyp= N, OWB and N, o is the spectral density of the noise (O p is the standard deviation).CN denoted the complex
Gaussian.
pfuf is the signal beamforming
<a,b>= abis the inner product (scalar) between vectors a and b, ais the Hermetian transpose of a.
o
Since uRLLC users are assigned orthogonal resources, there is no interference between uRLLC users. The signal received from
the jth user uRLLC can therefore be written as:

|2 is the />-norm of vector Uy.

R _ JR | R R . R R
y;=d;p; <h;u;>+n; e
hf eC N is the channel vector from the base station (gNB) to the jth user uRLLC.
pfufis the beamforming vector of the jth user uRLLC.

I’lf :CN (O; c 12 R) is the Gaussian additive white noise for the jth user uRLLC, with O ]2 R N, OW}’ rand N o1s the spectral
density of the noise and the bandwidth allocated to the jth user uRLLC.

The SINR received from the kth eMBB user can be written as :

Bl_nB B |
DPr ‘< h, ,u; >‘
SINR; =— - )
B B B
Y pll<hiul S+ N,
i=1
i#k

The SINR received from the jth uRLLC user can be written as:
RlcpR gk 2
pyj<h;,u; >
YA ©)

By using Shannon formula, the maximum achievable throughput for the kth eMBB user can be expressed as:

SINR} =

R} =W,log,(1+ SINR]) %)
Assume that the target rate for an eMBB user is Rf . Hence, the target SINR for the kth eMBB user can be written as:
ﬁ
SINR;, =2"" -1 (k=1,....K) ®)
The target throughput for eMBB users can be achieved if its SINR is greater than or equal to SINR threshold for each user:
SINR; > SINR, (k=1,...,K) ©)

The maximum packet delay threshold, Dmax, is considered to be Ims and the overall reliability requirement, R, is 99,999%.

Overall reliability is the overall probability of a single user’s packet loss which is the combination of the transmission error
probability (P.) and the probability of queuing-delay violation (probability of queuing timeout of kth user) (P,).

The overall reliability, R, can be given by:

R=(1-P)+(1-P) (10)
With, P, is the transmission error probability
and P, is the probability of queuing timeout of kth user.

Additionally, we assume that the downlink and uplink transmissions only require a single frame and that the duration of a frame
is Lon (i.e. Lpn is the backhaul latency).
So, we can get end-to-end queuing delay as follows:

D,=D,, -2L, (11
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As the packet length of anuRLLC user is small, to model the data rate of a uRLLC user, Shannon's formula cannot be applied
without modification, for this we used the approximation of the capacity given by Shannon's formula to take into account the short
block length regime. On the other hand, we note that the characteristics of the communication link between gNB and users are
known by Channel State Information (CSI). If the CSI is known at the level of the transmitter and the receiver, in quasi-static,
without interference, flat fading channel, the maximum throughput that the jth user can reach can be given approximately as [16-
18]:

R

V:
B R . -1 .
R’ =1, W,,|log,(1+SINR;)~ #Q (P) (bit/ frame)
TR (12)
Where 7 P is the duration of data transmission in a frame, Q_I is the inverse of the Gaussian Q-function,
1 X . —4yx?
where Q(x) =—| 1—erf| —= | |and erfis error function defined as erf(x) = |1 —exp| ——
2 2 T
VjRis the channel dispersion of thejth user uRLLC (channel dispersion).
where,
1 .
VRl (j=l..,0) (13)

(1—sINR" )

Note that according to [19], if SINR is greater than 10 dB, V/.R can be approximated by the value 1.

Therefore, the queuing delay requirements (D, and P,) can be met when the achievable throughput is greater than or equal to the
effective bandwidth.
The effective bandwidth for a Poisson process with the packet arrival rate can be given by:

w /J—é/ (14)

e/.. =
Dq In 1+L
AD

q

1
where ¢ =L, In| —
Rq
and p is the number of bits existing in each packet.

The target SINR (required) can be obtained to meet the queuing time requirements by considering Rf =W, e Hence, we
then obtain the threshold of SINR of the jth user uRLLC by:
R .
SINRF, =2" =1 (j=1,..,L) (15)

where the expression of V is as the following:

W, VR
v=—w=L4 ,/ ~— O7'(P)
T W,k T Wik

The latency and reliability requirements of the jth user uRLLC are met if the SINR of the jth user uRLLC
(SINR/I,?) is greater than threshold SINR ( S]NRfT) .

R R .
SINR® > SINR®,  (j=l,..,L) (16)
It is assumed that the power allocated to the users of the two services eMBB and uRLLC is less than or equal to the maximum
transmission power at the level of the base station, Py, that is to say:

K L
[ BB [ B, B RR [ R R

§ <A P W P Wy >+§ <\ pju;,p;u; ><F

= i

This can also be written as:

(17)
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K L
Zplf +pr Sszal (18)
k=1 j=1

In addition, it is assumed that the sum of the bandwidths allocated to all eMBB users and all uRLLC users is less than or equal
to the total system bandwidth (W):

L
Wy+ D W o <W (19)
Jj=1

Most of the scheduling algorithms recommended in the existing literature on the subject, dealing with the coexistence of eMBB
and uRLLC users in the same cell [20-22], and to avoid wasting the limited resources in this cell, suggest reducing the bit rates of
eMBB users as much as possible, and prioritize uRLLC users and meet their reliability and latency requirements; this is justified
by the fact that users of the uRLLC service category must have very strict services in terms of latency and reliability.

Hence, the main aim of this paper is to maximize the number of eMBB users admitted while ensuring that all constraints related

to eMBB and uRLLC users are met. Therefore, we need to maximize the sum of cardinalities of Us.
To formulate this problem as a mathematical optimization problem, we define by &, the positive auxiliary variable and with
the SINR constraints of the kth user eMBB as follows:
SINR; > SINR;, — &, (20)

We can get the equation (9) forg, = 0, that means, when, & P = 0 the constraint for SINR regarding the kth user of eMBB is

satisfied.
Therefore, and in order to maximize the number of eMBB allowed users for the target rates [23], we need to maximize the

number of users who require a strictly positive value of the auxiliary variable &, (i.e. &, # 0).

In other words, we need to increase the number of times when &, = (0. This can be done by minimizing the value of ”8” 0of the

vector € of auxiliary variables.
Hence the problem of optimizing admission control for eMBB in the coexistence of uRLLC and eMBB users can be expressed
as follows:

K
Minimize ||£||0 =Card ({k=1,.,K/g, #0 })= Zz{k/wo 1 (k) (1)
k=1

Subject to : Equations (16), (18), (19) and (20) and considering positive value of ¥, Wj‘ rand &, forallj=1, ..., L and
k=1,...K and €= (&,,...,&; ).

X, denoted the characteristic (or indicator) function of a set A

3. Approximation method for optimization problem

The optimization problem (21) is known as NP-Hard problem. It can be resolved by using some metaheuristic algorithms
[24,25]. However, it can be approximated by using a concave function arc tangent (atan) as a penalty function such as:

K
Lo &y
Minimize Zatan(gkj ,6,20,k=1..,K;0>0 1)
k=1
The equation (16) can be replaced by (16)’ according to equations (6) and (15) as the following:
R|_pR R |
p; ‘<hj,uj >‘

NoWj,R

where V is expressed in equation (15).

>2"—1 j=1..L (16

The equation (20) can be replaced by (20)’ according to equations (5) and (8) as the following:
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Rf

2
<h? u?
pej<hi,ui ~ >2" —g —1 L k=1,.,K 0y

K
B

Zpi

i=1

i#k

We can finally obtain an accurate approximation of the optimization problem (21) by the optimization problem (21)’ as
follows:

B B _|?
<h;,u; >‘ + N W,

K
Minimize Zatan(%‘j ,6,20,k=1..,K;6>0 @1y

k=1
Subject to: (16)°, (20)’ and (19) and also considering constraints such as positive value of W, Wj rand &, for all

j=1,...,Land k=1,....K
To find an optimal solution to the optimization problem (21) ', we have chosen to apply the sequential convex
programming method (SCP) [26].For this purpose, we consider the objective function f of the optimization problem defined by:

K
f(s):Zatan(%‘j ,6,20,k=1.,K;6>0 (22)
pam

where, €= (¢, ,52,...,€K)T
f is a concave function, because it is a sum of concave functions [27].This function can be approximated by Brook
Taylor’s formula [26,27], using the quadratic model, so we have the following second-order model:

f(e)= f(5)+Vf(5k)T(8—5)+%(8—5)Tvzf(5k) (e-%) (23)

where, f and € are an approximation off and & respectively and € =(&,,&,,...,6x )

V and V?are the gradient and the Hessian respectively.

On the other hand, since Vf'(g)” Z(af (e), f ( ) f —— (¢ )J

0 0 8 2 0¢
and i((—:) ~a f( €)= 2 for all k=1,.
0F, +0 g +0°)
In this article, we only consider the first order model, and therefore we have the following approximation, as shown in
figure 2:

f@)=f@+Vf(E) (&-F) (24)

Hence,

+7 where, 7= f(8)— HZ = (25)

T@=0y =" .

02

T@+Vf(E) (6-78)

(&)

7
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Fig 2. First order approximation of concave function f

where, 7= f(&)— 92~2 s

Note that in equation (25), 717is considered as constant and therefore, in order to simplify the objective function, we can

neglect this constant. Indeed, this constant will have no influence and no effect on the result of the optimization. We finally obtain
the following optimization problem:
& O,
Minimize f(s) z I

Subject to: (16)’, (20)” and (19) and also considering positive value of W, W].’R and &, forallj=1,....L andk=1,.. . K

(26)

In equation (20)’ we pose:

DN 3 TR T S A A k=1,.,K @7)
i=1
i#k

Let @, the function defined as:

2
Dy ‘< hk ’uk ‘

o (ug,y,) = k=1,.,K (28)
The approximation of convex function ¢, (1: B ¥, )by Taylor first order is as follows:

B!y = 0,17+ Vo, @7 | @~y - 7)) 09)
where,

Vo, @/.7,)" = 2p c ()" Nk>——\<hfﬁ" o (30)

Vi

Likewise, we define the function 1/, as:
2
R R R
vt ):pj ‘<hj,uj >‘
JNTJTT R
N oWj,R
The first order Taylor approximation of i/, (ui.e W, ) is follows:

&j(ufﬂl/Vj,R) :V/j(ﬁfaWj,R)+Vl//j(ﬁfaw~/j,R)TL/pf (llf _ﬁfst,R _V’Vj,R)J (32)

2,/p1,a R
VD (0 p7,‘< he,u > (33)
NW; & N, 2)?

Finlly, we obtain the approximation of optimization problem as follows:

j=l..L 31)

where,

vl//j(ﬁfal/’f/l]‘,R)T =

Minimize — (34)
Z;g,f +6?
Subject to:
R
2" —g, —1-¢,(ul,7)<0 ;k=1...K (35)
K 2
Ypll<hiug S| +NW, -y, <0; k=1..K (36)

i=1
i#k
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R
201, )0 j=ll whee v | oy )
T Wik FUSN

W, >0; W, 20; ¢, 20(k=1,.,K) (38)
K L
D PP <P, (39)
k=1 j=1

where, € =(&,,...,& ) and the optimization variables are 8k,pf,uk (k=1,...,K)and W,, pf,VVj,R (j=L...,L)

4. Conclusion

In this article, we have considered the case of serving users of two categories of 5G technology services to optimize the
consumption of resources which are very limited. To this end, we have proposed an orthogonal spectrum sharing between the
eMBB and uRLLC users to make them coexist without interference. We were interested in discussing a simplification of the
problem of admission control of eMBB users in 5G networks in which they coexist with uRLLC users, which require very low
latency and very high reliability. This coexistence must be done without reducing the quality of service required by eMBB users.
Our goal in this article is to admit the largest possible number of eMBB users into the cell with a suitable data rate, while also
guaranteeing power, bandwidth and beamforming directions to every single uRLLC user with latency and reliability requirements
which must always be guaranteed.Finally in this article we have considered the case of the system using the MISO network, but
we can generalize it by considering the case of the systems using the MIMO network. In addition we can also consider the case
where the three categories of service coexist in the same cell by also adding the users of category mMTC.
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