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Abstract. Background. Network slicing (NS) enables multiple logical slices over shared infrastructure but faces
challenges in managing heterogeneous traffic (streaming vs. elastic) with conflicting QoS requirements. Purpose.
This paper proposes a radio admission control (RAC) scheme with priority service interruption for a two-slice 5G
network to balance GBR for streaming traffic and efficient non-GBR elastic traffic service. Method. A two-dimen-
sional Markov model is developed. Streaming traffic requires fixed resources; elastic traffic has state-dependent
service rate. A full interruption scenario is implemented where elastic traffic preempts streaming traffic within
the second slice’s guaranteed capacity. Stationary probabilities are obtained numerically. Results. As streaming
traffic arrival rate increases, elastic traffic interruption probability rises sharply then stabilises. Mean numbers of
served requests converge to guaranteed capacities. Elastic traffic blocking remains nearly constant. Conclusions.
The proposed RAC scheme captures the streaming-elastic trade-off in sliced networks. The full interruption mech-
anism prioritises elastic traffic under high load. The model provides quantitative guidelines for tuning guaranteed
capacities in 5G/6G systems.
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1. Introduction

The rapid advancement of fifth-generation (5G) networks has significantly increased the demand
for enhanced Quality of Service (QoS) from service providers. Organizations such as 3GPP and the
GSM Association emphasize that 5G networks must support multiaccess capabilities, maintain low
and predictable latency with minimal packet loss, and ensure high network resilience [1-3]. These
stringent requirements have led to the development of flexible and adaptive network architectures
capable of dynamically addressing these challenges [4-7].

One of the fundamental technologies that allows for this flexibility is Network Slicing (NS) [8-11].
NS allows mobile network operators to create multiple logically isolated and customizable network
slices within a shared physical infrastructure, such as a base station (BS). These slices, referred to
as Network Slice Instances (NSIs), can be dynamically deployed and removed based on real-time
technical requirements, facilitating autonomous resource allocation without direct user involvement.
Furthermore, NS enables service providers to manage QoS efficiently, enhancing fault tolerance and
overall network reliability [12-15].

Each NSI is typically designed to support a specific category of service, such as best effort with
minimum guarantee (BG), guaranteed bit rate (GB), or best effort (BE). BG and BE services generate
elastic traffic with variable service duration, while GB services generate streaming traffic with fixed
duration [16, 17].
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This paper proposes a model for the joint servicing of two types of traffic, streaming and elastic
with minimum guarantee, within a 5G network utilizing the NS framework. In addition, it evaluates
key performance metrics to assess the efficiency of the model.

The remainder of this paper is structured as follows. Section 2 introduces the radio admission control
(RAC) scheme for a 5G network, formulated as a queueing system (QS) managing both streaming and
elastic traffic. The analysis includes transition intensity diagrams, an infinitesimal generator, and
calculations of key performance measures. Finally, Section 3 presents the conclusions.

2. System model

Consider the operation of a base station (BS) cell within a network with a total capacity of C [capacity
units, c.u.]. This capacity is distributed between two NSIs, each with capacities C, and C,, respectively,
where Z:zl Cy = C. The capacity C; allocated to NSI k consists of two parts: a guaranteed capacity
Qy and a shared capacity available to other NSIs, expressed as C; — Qy, for k = 1,2. The guaranteed
capacities satisfy the condition Zi:l Qr < C,where0 < Q, < C, <C,fork=1,2.

We assume that the first NSI is for services generating streaming traffic (first-type requests), while
the second NSI accommodates services generating elastic traffic (second-type requests). The arrival
process for service requests follows a Poisson distribution with an arrival rate 4;, where k = 1,2. The
service time for first-type requests is exponentially distributed with a mean of u7!. In contrast, the
duration of the service for second-type requests depends on the system load and the average file
length ©.

Each first-type request requires b, c.u., constrained by b; < Q,. Similarly, each second-type request
requires a minimum allocation of b c.u., where b" < Q,. For simplicity, we set b; = bii" = 1.

Let iy denote the number of active requests in NSI k (k = 1, 2) when the system is in state n = (114, 1,).
Given the elastic nature of second-type traffic, the number of occupied capacity units is defined as

min(C — byny, Cy)

by(n1,mp) = n2

where b7 < by(ny,ny) < Cp,. The corresponding service time for second-type requests is
determined by

-1 __ m0e

My (Mg, my) = by(1y,11y)

The key parameters are summarized in Table 1.

Now, let us analyze the request admission process in the system. When a new first-type request

arrives, the following conditions apply:

- The request is admitted if the number of ongoing first-type requests is below the maximum
allowable limit, given by N{*** = C,/b;, and there are sufficient available resources, specifically
at least b, capacity units.

- If the number of first-type requests is below the threshold supported by the guaranteed capacity,
ie, NY = Q,/by, but available resources are insufficient (less than b,), the request can still be
accepted by interrupting a second-type request, provided that at least one second-type request
exists within the guaranteed capacity Q,.

- If neither of the above conditions is met, the request is blocked.

The radio admission control mechanism for second-type requests is structured as follows:

- The request is admitted if the number of ongoing second-type requests is below the maximum
permissible limit, given by NI"™ = C,/b", and there are sufficient available resources,
specifically at least b" capacity units.

- If the number of second-type requests is below the threshold supported by the guaranteed
capacity, i.e., N5 = Q,/b", but available resources are insufficient (less than b¥"), the request
can still be accepted by interrupting a first-type request, provided that at least one first-type
request exists within the guaranteed capacity Q,.



336 Computer science DCME&ACS. 2026, 34 (3), 334-344

Table 1
Summary of key parameters

Notation Description

C The BS’s total network capacity (capacity units, c.u.).

Cy The k-th NSI’s overall network capacity, k € {1,2}, C; + C, > C (c.u.).

Qx The k-th NST’s guaranteed network capacity, Q; < Cy, Q; + Q; < C (c.u.).

A The arrival rate of requests in k-th NSI, k € {1, 2} (requests per unit of time).

urt The average service time of one request at the first NSI (t.u.).

€] The average length of the transmitted file (c.u. x t.u.).

b, The number of resource units required to serve each request of the first type
(c.u.).

bipin The minimal number of resource units required to serve each request of the
second type (c.u.).

my The number of requests in k-th NSI, k € {1, 2} (—).

N The maximum number of requests in k-th NSI, N{"™** = C,/b,,
NP = Gy/b™ ().

N¢ The maximum number of requests that can be served using guaranteed
network capacity of k-th NSI (—).

by(ny,n,) The number of resource units available for servicing each request of the

second type in the state (ny,1,), bP® < by(n;,1,) < G, (cou).

- If neither of these conditions is met, the second-type request is blocked.

In cases where resources are insufficient, service interruption for first-type requests can occur
through two mechanisms:

1. If the number of ongoing second-type requests is below the guaranteed threshold, i.e., n, < N3,
a first-type request is interrupted to free up the minimum required resources, b", necessary for
accommodating a second-type request.
2. If the number of ongoing second-type requests remains below the guaranteed threshold, i.e.,
n, < N5, all second-type requests utilizing the guaranteed capacity Q, are interrupted.
This study focuses on the second scenario. The system operation is illustrated schematically in
Figure 1.

3. Mathematical model

The system behavior is described by a two-dimensional Markov process (MP) {(X;(t), X5(t)),t > 0},
where X;(t) represents the number of k type requests in the system at time t, k = 1, 2, over the state
space X:

X ={(n;,n,) : 0<ny S NP A0 L1y, < NP¥An b+
+1,bP < C A npby(ny,1mp) - Ky 2 1) > Qy),

where I is a characteristic function

1, if the condition is satisfied,
I(P) =

0, if the condition is not satisfied.
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Figure 1. System model representation

The state space X includes few subsets: interruption subset V¥, admission subset S, and blocking

subset By, where i,k € {1,2}, i # k. Based on the sets, the transition intensity diagram can be
represented in the following form (Figure 2).

The interruption subset V2, V3 , represents the system states where the service of arriving k-type
request has priority over the service of i-type request (in other words, states where the service of
i-type request can be interrupted to service one arriving k type request):

V% = {(T‘Ll, nz) eX: ny = 0OA nzbz(nl, nz) < Qz},

Vi = {(ny,my) € X 1 ny < N§ Anyby + npbin = C}.

The admission subset Sy, k = 1, 2, represents the system states where k-type request will be accepted
for service in the k-th NSI:

S, =Viu{(n,ny) €X: (0< ny < NP*™A(ny + )b+
+mbP K CAny, =0) V(0 <1y < NP¥ A (g 4+ Db+
+ bR < C ANy > 0 A ngby(ny,1m,) > Qo))
S, =ViU{(n;,ny) €X 1 0<ny < NP Amb; + (ny + DY < CL
The blocking subset B, k = 1, 2, represents the system states where arriving k-type requests will be
blocked by the system due to insufficient available resources in the k-th NSI:

Bl={(n1,n2)EX . I‘L1=N{naXV(N§Sn1 <N{nax/\

Ay + )by + mbR > C)V (1, > 0 A nghy(ry + 1, m) < QZ)}.
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Figure 2. Scheme of the transition intensity diagram

B, = {(nl,nz) €X : (n, = NP*¥)v

V(N < 1y < NP5 A by + (1, + D)0 > C)}.

According to the diagram of transition intensities (Figure 3), the considered process is described by
the following system of equilibrium equations:

p(ny,mp) - (Ao - (g, my) € 85/ VE} + 4y - (g, 1) € V33
+ 4y - H{(ny,1mp) € $1/V3} + A, - H(ny,my) € V3}
+ oty - Xy > 0} + nyuy - Kny > 0})
= [/11 ‘p(ny —1,ny) + Ay - p(ny,my — 1) + (g + Dy - p(nny + 1,11)
+ (1, + Dty - p(ng, np + 1)],

where p(n;,n,), n € X — stationary probability distribution of system states.

Due to the implementation of the mechanism for interrupting the service of requests, the process
{1 (1), X,(1)), t > 0}, describing the considered system, is not a reversible Markov process. Therefore,
the system’s stationary probability distribution p = {p(n,,n,), (n,,n,) € X} can be computed using
the numerical solution of the equilibrium equations system p? - A = 07, p” - 1 = 1, where A is the
infinitesimal generator, and the elements a((n, n,), (n1,n5)) of this generator are determined by the
following formulas:
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(n1,m2 + 1)

(nq+1,ny — 1)

A2 - I{(n1,n2) € $o\V;?

nipy - I{ny > 0} (ny + 1)
,M2) (n1+ 1,7m2)
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(n1,m9 — 1)

Figure 3. The diagram of transition intensities for an arbitrary system state (1, n,)

Al’ n’l = nl + 1, n/z = le, (nl, nz) (S Sl/V%,
A,np=n,+1,ny=n,—1,(n;,n,) € Vi,

Ao,y = 1y, 1y = 1y + 1, (0, 1p) € S,/ VA,
¢ Q )

/‘lz,nlz—— "n2=17(n1,n2)EV,

a((n.my). (i) = {7 b B :

M, Ny =n — 1,15 =n,,1n >0,

’ ’
Moo, My = Ny, My =Ny — 1,15 > 0,

! !
Y,y =1y, My = Ty,

0, otherwise,

where

y = —</11'I{(n1, 1) € S HA, H{(ny,1y) € Syt+nuI{(ng,ny) € X : ny > 0Hnuy K{(ng,n,) € X 0 ny > 0}).

4. The main performance measures

The main performance measures of the model are the following:
- The mean number N, of k-type requests served in the k-th NSI

Ny = Z m - p(ny,ny), k=1,2.

(n1,m2)€X
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- The service interruption probability IT¥ of i type requests served in the i-th NSI when new k-type
request arrives at the system

o= 3 pumy), k=12 i#k

k
(n1,n2)€V;

- The accepting probability S, of k-th type request for service at k-th NSI
Sc= 2 plumy), k=12

(n1,m2) €Sk

- The blocking probability B, of k-th type request
By=1-S8 = Z p(ny,ny), k=12

(n1,n2)EBy

5. Results

Let us now proceed to the numerical analysis. As a case study of a system supporting the joint handling
of streaming and elastic traffic, we could consider a 5G network that provides both enhanced Mobile
Broadband (eMBB) and Ultra-Reliable Low-Latency Communication (URLLC) services. In this context,
eMBB corresponds to elastic traffic, while URLLC represents streaming traffic. We examine how
key performance metrics—such as the mean number of active k-type requests, service interruption
probability, accepting probability, and blocking probability—vary with changes in the arrival rate, for
example, first-type requests.
The parameters used in this numerical example are summarized in Table 2.

Table 2
Main parameters of the numerical example

Notation Value
C 25

C 20

C, 15

Q 13

Q. 10

A 0— 120
Ay 100
M1 1

(©] 1.5

b, = byin 1

Figure 4 presents the dependence of the service interruption probability IT¥ on the arrival rate 1,.
The plot demonstrates that, for the first-type of requests, the interruption probability increases slightly
as 4, grows. On the contrary, for the second-type requests the probability of interruption increases
sharply at first, and then also decreases sharply with an increase in the value of 1, and eventually
approaches a stable value. This behavior occurs due to the fact that the intensity of the second-type
requests is high, and they immediately occupy almost the entire system capacity, and therefore, when
first-type requests arrival at the system, the guaranteed network capacity is released and service is
interrupted. However, since the number of the second-type requests that can be interrupted is limited
by the threshold value of Q;, then there is a decrease in the interruption probability.
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Let’s consider the behavior of the accepting probability S, for each type of requests, depending on
the first-type requests arrival rate, A,. As shown in Figure 5, at the initial moment of time, with a small
Ay, the accepting probability for the first-type requests is maximum and tends to unity, since requests
of each type occupy the capacity of the corresponding NSI and do not affect the QoS for each other. As
the arrival rate of requests increases, the accepting probability for both types of requests decreases
rapidly. However, since the arrival rate of the second-type requests, (1,), remains unchanged, the
decrease in S, is less pronounced in the graph.

A similar trend is observed in Figure 6, which depicts the blocking probabilities. As 4, increases,
the blocking probability B, grows correspondingly, while the blocking probability B, remains nearly
constant due to the fixed arrival rate 1,.

We now turn to the most insightful graph, which illustrates the dependence of the mean number of
serviced requests Ny, for k = 1,2, on the arrival rate 4, of the first-type requests. As shown in Figure 7,
when no first-type requests are present in the system, second-type requests utilize the entire portion
of capacity C, = 15 allocated to them and the number of second-type requests served in the system
tends to the maximum value N;"** = 15. As first-type requests begin to arrive, the number of serviced
second-type requests N, gradually decreases. Under conditions of full system load, the number of
serviced requests for both types converges to their respective guaranteed levels N¥ = 13 and N5 = 10.
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6. Discussion

The obtained results highlight the interaction between streaming and elastic traffic in a sliced 5G
network. The interruption probability of elastic flows increases sharply in the low-to-medium 4,
regime, but then stabilizes as the guaranteed resources Q; and Q, become dominant. This confirms
the importance of guaranteed quotas for maintaining predictable service.

Compared to earlier work on preemption-based prioritization [12], our approach explicitly models
admission control with guaranteed resource allocation. The findings are consistent with survey studies
on slicing performance [4, 5, 7], while extending them by quantifying blocking and interruption trade-
offs.

From a practical perspective, the model illustrates how operators can tune Q, and Q, to balance
eMBB and URLLC requirements. Such tuning directly impacts blocking probabilities and guarantees
acceptable QoS under varying load conditions. This insight is useful for SLA negotiation and capacity
planning.

Naturally, the model has limitations. It assumes Poisson arrivals, exponential service times, and only
two slices. Correlations between traffic types, mobility patterns, or more complex slice hierarchies
are not captured. Moreover, the interruption mechanism is simplified, focusing only on guaranteed
thresholds.

Future extensions could include machine-learning-based controllers for adaptive RAC [18, 19], as
well as integration with edge computing and 6G scenarios [16, 20].

7. Conclusions

This paper introduced a radio admission control model for 5G network slicing with priority
interruption. The model differentiates between streaming and elastic traffic and evaluates key
performance metrics such as blocking, accepting, and interruption probabilities, as well as mean
numbers of active requests.

The results demonstrate that the proposed mechanism successfully captures the trade-offs between
heterogeneous traffic classes. The analysis provides operators with quantitative guidelines for
configuring guaranteed capacities and balancing competing QoS requirements. The presented
framework thus offers a foundation for more efficient and fair resource allocation strategies in slice-
aware wireless networks.
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CueHapuil NPMOPUTETHOIO 06CNY)XXMBAHUS 31aCTUYHOIO TpadUuKa B paMKax
KOHLeNnuuu ceTeBou Hape3Ku

A. A. Tazaesal, E. B. Mapkosa®-?

! Poccuiickuil ynusepcumem dpys#c6ul Hapodos, ya. Muxayxo-Makaas, 0. 6, Mockea, 117198, Poccuiickas ®edepayus

2 Uncmumym npobaem undopmamuxu, dedeparvroiil uccredosamensckuil yenmp «Ungopmamuxa u ynpasaenues»
PAH, yn. Bagunosa, 0. 44, xopn. 2, Mocksa, 119333, Poccuiickas ®edepayus

AHHoTauus. IIpednocuiaku. TexHOMOTUS ceTeBOM Hapesku (NS) IT03BOJISIET CO3/jaBaTh JIOTMUECKYE CJIOM B PaMKax
0b111eil ceTeBOM MHMPACTPYKTYPHL, HO CTAJIKUBAETCS C IPOOIeMOi COBMECTHOTO 06CIy)KUBaHUS Pa3HOPOLHOTO
TpaduKa (IOTOKOBOTO U 3JaCTUYHOTO), IPeABABIAIONIETO pasjIndHble TpeboBaHus K QoS. Ifens. PazpaboTaTh
Y [IPOBECTH aHAJIM3 CXeMBI YIIPaBJIeHHUs AOCTYIIOM K PalopecypcaM C IIPHOPUTETHBIM 06CIy)KUBAHIEM B CETH
5G ¢ AByMsI CI0SIMHU, KOTOPas II03BOIUT 0beciednuTs banaHc MeXAy Tpe6oBaHUIME K 00CIYKIBaHHUIO IIOTOKOBO-
ro ¥ 371aCTUYHOro Tpaduka. Memod. VIcrionbp30BaHbl METO/BI TEOPHUU MACCOBOro o6CiyXrBaHus. PazpaboraHa
IByMepHasi MapKOBCKast MOZiesb. II0TOKOBBII TpadUK NpeAbsaBiseT GUKCUIPOBAHHOE TPeOOBaHUe K Pecypcam;
[JIS1 3JIaCTUYHOTO Tpaduka TpeGoBaHMe K pecypcaM 3aBUCHUT OT COCTOSTHUS CUCTeMbI. Pealr30BaH CIlieHapHuil
TIOJTHOTO OCBOGOXK/I€HNS rAPaHTHPOBAHHOM 9JaCTUYHOMY TpadUKy eMKOCTH. PacnpesiesieHIe BepOSTHOCTEMH
COCTOSTHUY CHCTEMBI IIOJIy4eHO YHCIeHHO. Pe3yavmamul. C pOCTOM MHTEHCUBHOCTHU IIOCTYILIEHUsI [IOTOKOBOTO
TpadrKa BepOSTHOCTH IIPepPBIBAHNS Mlepe/laul 3J1aCTUYHOTO TpaduKa CHayala Pe3Ko BO3pacTaeT, 3aTeM CTabu-
nsupyeTcsi. CpefiHee YHCI0 0OCIyKMBaeMBIX 3aIIPOCOB CTPEMUTCS K rapaHTHPOBAHHBIM YKCIaM. BeposTHOCTD
6I0KMPOBKY 3JaCTUYHOTO TpaduKa MOYTH He MeHseTcs. Buigodsl. IIpesioxkeHHas cxeMa JJOCTYIIA K pecypcaMm ce-
TH IPEACTABIIsAET CO60M KOMIIPOMUCC IIPH 0OCIYKUBAaHUN PA3HbIX THIIOB Tpadrka. MOzieIb [T03BOJISET OLYIUTh
KOJIM4eCTBEHHbIe peKOMEeH Al /Il HAaCTPOIMKY rapaHTUPOBAHHBIX eMKOCTeH B cucTeMax 5G/6G.

KnioueBble cnoBa: 5G, Hape3Ka CeTH, MOOMIbHBIE ceTH, QOS, YCIyru ¢ rapaHTUPOBAHHBIM OOCIY)XUBaHHEM,
ycayry 6e3 rapaHTH K 06CIyXKUBaHUIO, IT0Ka3aTea! IIPOU3BOAUTEIbHOCTH, IPHOPUTETHOE OOCIy)KBaHNe,
IIpepBIBaHNe 0OCIyXKUBaHUe, yIIpaBIeHHe JOCTYIIOM K pecypcaM, paclpe/ie/ieHIe PecypcoB
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