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Mobile operators in emerging markets face rising data demand under revenue,
infrastructure, regulatory, and investment constraints. Network function vir-
tualization (NFV) enables evolved packet core (EPC) modernization, but op-
erators must determine which deployment model provides the best strategic
and operational fit. This paper examines EPC virtualization as an operator-
level deployment-selection problem using Palestine as a case study. A context-
specific decision framework integrates operator readiness, stakeholder-derived
key performance indicator (KPI) weights, deployment-model ratings, capital
expenditure (CapEx) / operating expenditure (OpEx) analysis, analytic hierar-
chy process (AHP) consistency checking, and technique for order of preference
by similarity to ideal solution (TOPSIS)-style robustness validation. Five al-
ternatives are compared under the same operator scenario: owned legacy EPC,
owned NFV / virtualized evolved packet core (VEPC), network functions virtual-
ization infrastructure as a service (NFVIaaS), virtual network platform as a ser-
vice (VNPaaS), and virtual network service as a service (VNSaaS). The novelty
lies in linking multi-criteria scoring to local regulatory, infrastructure, security,
supply-chain, and business constraints rather than applying generic weighted
ranking alone. Scenario-based technical validation examines latency / quality of
service (QoS) exposure, scalability, recovery, elasticity, and observability. The
results indicate that fully owned VEPC provides the strongest overall fit when
service control, quality, implementation constraints, and long-term operational
efficiency are jointly considered.
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1. INTRODUCTION

Mobile operators in emerging markets must expand mobile broadband, internet of things (IoT), machine-
to-machine (M2M) , cloud, and low-latency services while facing revenue pressure, spectrum limitations, in-
frastructure restrictions, and limited investment capacity. Legacy enables evolved packet core (EPC) deploy-
ments, which are tightly coupled to proprietary hardware, are therefore increasingly difficult to scale economi-
cally. Network function virtualization (NFV) offers a modernization path by decoupling mobile-core functions
from dedicated appliances and supporting virtualized or cloud-based deployment of EPC functions [1]-[5]. Re-
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cent work confirms the importance of software-defined networking (SDN) / NFV integration, cloud-native core
functions, service-based architectures, and virtualized core investment for 5G evolution [6]-[10].

The central problem for constrained operators is not only whether EPC virtualization is feasible, but
which deployment and service model should be selected under technical, business, regulatory, and operational
constraints. This issue is critical in Palestine, where operators face infrastructure restrictions, supply-chain lim-
itations, regulatory uncertainty, and external competition. Existing studies mostly optimize or validate selected
virtualized/cloud-native architectures through resource allocation, testbeds, observability, slice federation, se-
curity, or orchestration [11]-[18]. Fewer studies provide an operator-level decision framework that compares
alternative EPC deployment models under one emerging-market scenario and translates the ranking into cost,
governance, security, regulatory, and operational-control implications.

Accordingly, the research question is: Which EPC deployment model provides the most suitable bal-
ance of cost, quality, time to market, security, regulatory alignment, value proposition, and operational com-
plexity for a Palestinian mobile operator operating under emerging-market constraints? The novelty is not
a new generic multi-criteria decision analysis (MCDA) algorithm; rather, it is the adaptation of multi-criteria
scoring into a deployment-specific EPC virtualization decision framework that links stakeholder priorities, an-
alytic hierarchy process (AHP)-supported key performance indicator (KPI) weighting, technique for order of
preference by similarity to ideal solution (TOPSIS)-style robustness checking, total cost of ownership (TCO)
estimation, and scenario-based technical validation to local operating constraints.

The main contributions are: (i) formulating EPC virtualization as a deployment-selection problem; (ii)
proposing a context-aware decision framework; (iii) comparing owned legacy EPC, owned NFV / virtualized
evolved packet core (VEPC), network functions virtualization infrastructure as a service (NFVIaaS), virtual
network platform as a service (VNPaaS), and virtual network service as a service (VNSaaS) with unified KPIs;
(iv) clarifying how this work differs from NFV studies focused mainly on technical optimization or testbed
validation; and (v) showing why owned VEPC can outperform lower-capital expenditure (CapEx) outsourced
models when quality of service (QoS) governance, operational control, security accountability, and long-term
operating expenditure (OpEx) are jointly considered.

2. COMPREHENSIVE THEORETICAL BASIS AND RELATED WORK
2.1. Legacy EPC and virtualized EPC background

The EPC is the internet protocol (IP)-based mobile-core architecture responsible for mobility man-
agement, session control, policy enforcement, subscriber data handling, and packet-gateway functions. Its
main logical elements include the mobility management entity (MME), serving gateway (SGW), packet data
network gateway (PGW), policy and charging rules function (PCRF), and home subscriber server (HSS) [19].
In conventional operator deployments, these functions are usually implemented through appliance-centric and
vendor-specific platforms. Such platforms are stable and operationally familiar, but they are less adaptable to
fast traffic growth, service diversification, and rapid capacity expansion. Figure 1 illustrates the conventional
EPC logical structure used as the baseline in this study.

MME HSS PCRF

control plae
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Figure 1. Conventional legacy EPC architecture used as the baseline deployment model

NFV changes this model by decoupling network functions from dedicated hardware and enabling EPC
functions to run as VNFs over a shared NFV infrastructure (NFVI), governed by management and orchestration
functions [5], [20]. This separation allows operators to pool compute resources, automate lifecycle operations,
scale VNFs according to traffic demand, and reduce dependence on single-purpose appliances. However, the
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value of NFV depends strongly on the selected deployment model. A model with low initial CapEx may intro-
duce external dependency, weaker observability, stricter service level agreement (SLA) reliance, or regulatory
exposure; conversely, an owned model may require higher initial investment but provide stronger long-term
control.

2.2. Deployment models considered in this study

Five deployment alternatives are evaluated under one fixed operator scenario. The legacy EPC model
represents the baseline appliance-based architecture. Owned NFV/VEPC means that the operator owns and
manages the NFVI, VNFs, and lifecycle-control processes. NFVIaaS shifts the infrastructure layer to an exter-
nal provider while keeping VNF control largely with the operator. VNPaaS provides an integrated virtualized
platform on which network services can be deployed. VNSaaS provides the network software as a service
and therefore shifts the greatest portion of control to the service provider. Table 1 summarizes the decision
relevance of these models.

Table 1. Deployment models and main decision implications

Model Ownership and control Main benefit Main risk

Legacy EPC Operator owns appliance-based  Familiar operation and direct con-  Weak elasticity and high lifecycle
EPC trol cost

Owned Operator owns NFVI, VNFs, and  Strong control, scalability, and ob-  Higher implementation and skill re-

NFV/VEPC orchestration servability quirements

NFVIaaS Provider owns infrastructure; oper- Reduced CapEx and infrastructure ~ Provider dependency and cross-
ator manages VNFs burden domain troubleshooting

VNPaaS Provider offers virtualized platform  Faster service development and Reduced control over platform be-

platform abstraction havior
VNSaaS Provider offers network software as ~ Minimal initial CapEx and rapid Highest external dependency and

a service consumption recurring OpEx

2.3. Positioning against existing work

Recent NFV and fifth generation (5G)-core literature can be grouped into four streams. The first
stream focuses on cloud-native resource allocation and automation for virtualized or microservice-based cores
[11]. The second develops experimental platforms and testbeds for 5G-core deployment, analytics, and observ-
ability [12], [14]. The third addresses slice federation, multi-domain orchestration, and cross-administrative-
domain service continuity [13]. And the fourth studies energy efficiency, user plane function (UPF) placement,
security, and resilience in softwarized cores [15]-[18]. These works improve important mechanisms after a core
architecture has already been selected.

The present study addresses a different decision level. It does not propose a new generic optimiza-
tion algorithm or a single testbed implementation. Instead, it formalizes the earlier operator decision: which
EPC deployment model should be selected before implementation under constrained market conditions. This
requires simultaneous consideration of technical feasibility, TCO, regulatory exposure, security accountabil-
ity, troubleshooting autonomy, service control, and provider dependence. Table 2 positions the study against
representative recent work.

Table 2. Novelty positioning relative to representative recent NFV/5G-core work
Primary output
Allocation policy or resource optimization

Approach
Cloud-native resource
allocation [11]
5G-core testbeds [12]

Difference of this study

This work selects among deployment/service models be-
fore resource-optimization policies are applied

This work provides a decision framework; testbeds are fu-
ture validation instruments for the selected model

This work determines the baseline EPC/VEPC ownership
and service model before slice federation is considered
This work maps energy and performance implications into
operator-level KPIs and TCO interpretation

This work treats observability as a decision criterion af-
fecting model selection and governance

Experimental deployment and measurements

Slice federation [13] Cross-domain slice orchestration

Energy/UPF  studies
[15], [16]
Observability studies
[14]

Placement and energy-performance tradeoff

Monitoring and troubleshooting mechanisms

This positioning clarifies the contribution: the weighted scoring, AHP, and TOPSIS components are
not presented as new algorithms. They are used as formal instruments inside a context-aware EPC deployment-
selection framework. The novelty is therefore methodological and practical: the framework translates the broad
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NFV modernization problem into an auditable operator decision process for a constrained emerging-market
environment.

3. METHOD

This study uses a case-study-based MCDA design. The scenario is fixed for all alternatives in terms
of EPC functional scope, traffic-growth assumptions, regulatory setting, service portfolio, redundancy target,
and market constraints. Empirical input was obtained through structured and semi-structured discussions with
an anonymized panel of seven experts selected for direct involvement in mobile-core planning, EPC operation,
NFV / cloud infrastructure, QoS, security / regulatory compliance, or telecom business strategy are summarized
in Table 3. The process had three stages: confirmation of the five deployment alternatives, review of the KPI
set, and comparative judgments for KPI weighting and model scoring. Aggregated group judgment was used
rather than a single-respondent score.

Table 3. Anonymized expert panel used for KPI elicitation
Background No.  Evaluation role
Mobile-core / EPC engineering EPC functions, migration feasibility, control / user-plane implications
NFV / cloud infrastructure NFVI, orchestration, virtualization readiness, scalability
Network operations / QoS Availability, SLA assurance, troubleshooting, service continuity
Security / regulatory / governance Compliance, security exposure, data control, regulatory constraints
Business strategy / procurement CapEx/OpEXx, vendor dependency, time to market, business value
Total Aggregated expert judgment for weights and scores

N L )

AHP is used to formalize expert judgments and reduce subjectivity. For comparison matrix A = [a,;],
the weight vector is obtained from:

)\max_n _ CI
_ CR = R

Judgments with unacceptable inconsistency should be reviewed before finalizing the weights [21], [22]. The
final KPI weight is calculated as (2).

Aw = ApaxW, CI = (1

n—1

wy, = 0.25by, + 0.15¢; + 0.60dy, )

where by, ti, and dj are normalized AHP-supported contributions from business-strategy, transformation-
trigger, and technical-deployment viewpoints. The coefficients reflect the case-specific importance of technical
feasibility, security, operational control, and service continuity, while still incorporating business and transfor-
mation drivers.

Each model m is rated against KPI & using r,,, ,, € [1,5] and scored as (3).

K
- Zkzl WETm, k 3)

K
2 k1 Wk

A TOPSIS-style robustness check is then applied using a normalized matrix vy, = WgTm k/ Z%zl rfn’ &>

positive/negative ideals A™ and A~, distances D;"

- and D_, and the closeness coefficient:

D,

= = 4
Dy, + Dp, @

m
A higher C,,, means the model is closer to the positive ideal and farther from the negative ideal [23].

To preserve reproducibility, the scoring matrix was constrained by four controls. First, all models were
evaluated using the same EPC functional scope and the same planning horizon. Second, each KPI was inter-
preted using a predefined direction: higher values indicate stronger suitability, except for cost and complexity
where lower exposure is converted into a higher suitability score. Third, expert disagreement was treated as a
trigger for clarification, not as an automatic average when meanings differed. And fourth, cost, governance,
security, and technical-performance evidence were cross-checked against the literature to avoid relying solely
on expert perception. These controls are summarized in Table 4.
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Table 4. Reproducibility and validity controls in the evaluation framework

Control Purpose

Fixed operator scenario Ensures that differences among alternatives come from the deployment model, not from
changing demand or scope assumptions

Common KPI direction Converts cost, complexity, security, and QoS criteria into comparable suitability scores

Aggregated expert judgment Reduces single-respondent bias and forces clarification when interpretations diverge

AHP consistency check Detects inconsistent pairwise judgments before weights are finalized

TOPSIS robustness check Tests whether the preferred model remains stable under ideal-solution interpretation

TCO and scenario validation Adds financial and technical support beyond subjective scoring

4. RESULTS AND DISCUSSION
4.1. Case-study readiness and KPI priorities

The case-study assessment indicates that Wataniya Mobile has strategic interest in EPC virtualization
because the transformation is linked to service agility, long-term cost control, improved QoS governance,
and preparation for future 4G/5G-oriented core evolution. The operator context also shows that virtualization
cannot be evaluated only as a technology-upgrade project. It must be evaluated as a combined technical,
financial, regulatory, and operational-control decision.

Stakeholder input emphasized that OpEx reduction and QoS/SLA assurance are the strongest decision
drivers. This is consistent with constrained-market economics, where traffic growth increases operating pres-
sure while revenue per unit of traffic may decline. Regulatory-constraint mitigation, operational-complexity
reduction, and security control were also prioritized because outsourced models can shift control points outside
the operator boundary. Table 5 summarizes the condensed KPI hierarchy used in the final evaluation.

Table 5. Condensed KPI priority structure used in the case study

Rank  KPI group Decision meaning in the Palestinian operator context
1 OpEXx reduction Long-term sustainability, lifecycle cost control, and operational automation
2 QoS, availability, and SLA assurance Ability to maintain service quality under growth, failures, and traffic peaks
3 Regulatory-constraint mitigation Fit with local infrastructure limitations, policy uncertainty, and data-control needs
4 Operational-complexity reduction Ease of troubleshooting, lifecycle control, process adaptation, and staff readiness
5 Security-threat minimization Control over sensitive core functions, interfaces, data exposure, and attack surface
6 Time-to-market and value proposition Ability to launch new services and support digital-transformation objectives
7 CapEx and implementation complexity  Initial affordability, procurement feasibility, deployment risk, and migration effort

The priority structure confirms why the preferred model should not be selected using CapEx alone.
The operator needs a model that balances cost, control, QoS, and governance. Therefore, the evaluation gives
strong weight to the technical-deployment viewpoint while retaining business-strategy and transformation-
trigger dimensions through the AHP-supported weighting model.

4.2. KPI, cost, and deployment-model evaluation

The final KPI set covers OpEx, QoS/availability/SLA assurance, regulatory-constraint mitigation, op-
erational complexity, security control, time to market, value proposition, CapEx, management complexity,
implementation complexity, and regulatory compliance. The cost component is modeled as five-year TCO. For
deployment model m,

CapExy, = CHW + 0SW 4 ONFVI 4 ¢MANO 4 QINT 4 oMIG 4 TR | oCONT, (5)
Y
OpEzy = (C3UF + CHIC + CENF + ChAC + CaTAFE + CSEA + CY BT+ CO19) ©
y=1

TCO,, = OapExm + OpE]:m
For service-based alternatives, recurring service cost is represented by (7).
Ot = Fou 4 amDy + B Ry + 1m Ay, (7)

where Fy, is the fixed annual charge, D, is capacity demand, R, is redundancy level, and A, is the SLA
class. Cost assumptions combine operator planning inputs, aggregated commercial estimates, NFV architecture
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assumptions, expert judgment, energy/performance literature, and market benchmarks [15], [24]-[26]. Public
market reports are used as secondary trend checks, not direct price inputs [9], [10]. Table 6 summarizes the
major cost components and sources used to make the calculation reproducible without disclosing confidential
vendor quotations.

Table 6. Cost model assumptions and estimation basis

Cost element Included items Estimation basis

Hardware/NFVI CapEx EPC appliances, commodity servers, storage, Operator planning input, aggregated vendor esti-
switching, virtualization layer mates, NFV architecture assumptions [5], [24]

Software/management and  EPC/vEPC licenses, VNF packages, orchestra-  NFV deployment literature and operator technical

orchestration (MANO) tion, integration middleware assumptions [5], [6]

CapEx

Migration/training Design, testing, migration planning, accep- Expert-panel judgment and transformation assump-
tance, staff training tions [27]

Recurring licenses/support Subscriptions, managed-service fees, hard-  Aggregated commercial estimates and market
ware/software support benchmarks [9], [10]

Energy/facilities/operations ~ Power, cooling, floor space, monitoring, Energy/performance and lifecycle-management lit-
backup, patching, troubleshooting erature [15], [26]

SLA/provider dependency Connectivity, redundancy premiums, cross-  Service-model assumptions and expert judgment
domain support, external escalation [24], [25]

Figure 2 visualizes the cost and final-score results. The visual comparison shows that service-based
options reduce initial CapEx, whereas owned NFV/VEPC provides the strongest final score and the lowest
five-year OpEx as shown in Table 7 and Figures 2(a) and (b), while Table 8 summarizes the comparativeevalu-
ation of each deployment model across the complete decision KPI set. The results in Table 7 show that owned
NFV/VEPC has the highest overall score and the lowest OpEx, although it is not the lowest-CapEx option.
NFVIaaS and VNPaaS are attractive for capital-constrained scenarios, but they introduce stronger provider de-
pendency and cross-domain troubleshooting/SLA exposure. VNSaaS minimizes initial CapEx but accumulates
high recurring OpEx and weakens direct EPC performance governance. Legacy EPC remains familiar and
controlled but lacks elasticity and produces the weakest overall case fit.

W CapEx
50 4 . W OpEx

40

Five-year cost (million USD)

Legacy Owned NFVlaaS VNPaaS VNSaaS
EPC VEPC

()

Average KPI score

Legacy Owned NFVIaaS VNPaaS VNSaaS
EPC

VEPC

(b)
Figure 2. Cost and final KPI-score results for: (a) five-year TCO structure and (b) final KPI score ranking
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Table 7. Five-year CapEx, OpEx, TCO, and final core

Model CapEx (KUSD) OpEx (KUSD) TCO (KUSD) Score
Legacy EPC 30,097 18,118 48,215 2.4
Owned NFV/VEPC 21,016 14,950 35,966 3.7
NFVIaaS 14,353 18,339 32,692 3.4
VNSaaS 0 39,035 39,035 3.1
VNPaaS 1,211 31,703 32,915 3.1

Table 8. Summary comparison of deployment models across decision KPIs

KPI Legacy Owned VEPC  NFVIaaS  VNPaaS VNSaaS
OpEXx reduction L VH M M L
QoS/SLA assurance M VH H M M
Regulatory mitigation L H M M L-M
Operational complexity L H H M M
Security control H H M M L-M
Time to market M VH H M M
Value proposition L H M H H
CapEx reduction L M H VH VH
Management complexity L M M H H
Implementation complexity L M M-H H H
Regulatory compliance M H M M L-M
Overall case fit L VH H M M

VH: very high, H: high, M: medium, and L: low. Ratings denote relative suitability under the same case scenario

4.3. Scenario-based technical validation

Because the ranking includes performance-related claims, the results are complemented by scenario-
based technical validation under normal-load, peak-load, and stress-load conditions as shown in Table 9. End-
to-end delay is decomposed as (8).

L02c = Lproc + Lqucuc + Ltrans + Lctrla (8)

where the terms represent processing, queuing, transport, and control/orchestration delay. Scalability is inter-
preted through an elasticity indicator:

AC,

En = AT, T AO. ©))

where AC), is additional capacity, AT, is time to activate capacity, and AQO,, is additional operational effort
or dependency. Owned VEPC can reduce queuing pressure through local VNF scaling while preserving direct
function-placement, monitoring, and lifecycle control. NFVIaaS also offers elasticity, but provider dependence
may affect transport delay, SLA enforcement, and root-cause visibility.

This validation does not claim live-network measurement; rather, it provides an analytical performance
basis for the case-study ranking. It supports the conclusion that owned vEPC is preferred not only because of
financial scoring but also because it provides the most coherent balance of latency governance, elastic scaling,
recovery control, and observability. A live pilot remains necessary before commercial rollout.

Table 9. Condensed technical validation matrix

Dimension Legacy Owned VEPC NFVIaaS VNPaaS VNSaaS
Latency/QoS Stable but rigid Best local control Good, provider  Platform con-  SLA/service depen-
affected strained dent

Peak-load scaling ~ Hardware-bound High elasticity High but external ~ Medium Medium

Recovery Slow appliance =~ VNF migration/local ~ Provider- Platform- Service-dependent
recovery orchestration dependent dependent

Observability Vendor-specific Full local visibility Interface-limited Abstracted Most abstracted

Utilization Low pooling High pooling/control High pooling Medium-high Provider-managed

4.4. Robustness interpretation and sensitivity analysis
A qualitative sensitivity analysis was added to test whether the conclusion depends excessively on a
single KPI group. Three interpretation scenarios were examined. The first is the base case, where technical
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deployment has the highest influence because the operator must preserve service control and continuity. The
second is a cost-constrained case, where CapEx pressure is stronger and outsourced models are expected to
benefit. The third is a governance-constrained case, where security, regulatory exposure, observability, and
troubleshooting control dominate. Table [10[summarizes the expected ranking stability.

The sensitivity interpretation shows that the owned vEPC recommendation is robust when the deci-
sion emphasizes long-term control, service quality, security, regulatory accountability, and OpEx optimization.
However, the ranking is not universal. If a different operator has very limited capital, strong trust in an NFVI
provider, mature cloud regulation, and less strict control requirements, NFVIaaS or VNPaaS may become more
competitive. This reinforces the main purpose of the proposed framework: it is not a fixed ranking tool, but a
transparent decision process that can be recalibrated for other operators and markets.

Table 10. Sensitivity interpretation of the deployment-model ranking

Scenario Expected strongest model Interpretation

Base-case weighting Owned NFV/VEPC Balanced control, OpEx reduction, QoS governance, and
technical fit keep owned VEPC first

CapEx-emphasis scenario NFVIaaS or VNPaaS Outsourced or platform-based models improve when initial
investment dominates the decision

Governance-emphasis scenario ~ Owned NFV/VEPC Local control, observability, compliance, and security ac-
countability strengthen owned vEPC

Rapid-service scenario VNPaaS or VNSaaS Service-based models improve when fast service consump-
tion is prioritized over deep core control

Stress-load scenario Owned NFV/VEPC or NFVIaaS Elastic scaling is important; owned VEPC retains stronger

visibility and recovery control

4.5. General discussion

The ranking should be interpreted in the economics of constrained mobile markets, where OpEx con-
trol, QoS continuity, local accountability, and regulatory risk are central to architecture choice. The frame-
work’s practical value is that it makes explicit why a low-CapEx outsourced model may be less suitable when
data control, security responsibility, troubleshooting autonomy, supply-chain exposure, and long-term gover-
nance are important. It therefore differs from studies that report resource-allocation, slicing, or testbed perfor-
mance gains after a core architecture has already been selected.

The result also shows that cost should not be interpreted only through initial capital expenditure.
VNSaaS and VNPaaS reduce upfront ownership cost, but their recurring service fees, SLA premiums, and
provider-dependent operations increase long-term exposure. NFVIaaS offers a stronger balance for capital-
constrained operators, but it still transfers infrastructure visibility and some recovery responsibilities to the
provider. Owned NFV/VEPC is less attractive when only short-term CapEx is considered, yet it becomes the
strongest option when service control, observability, recovery, security accountability, and OpEx optimization
are included.

For the Palestinian case, regulatory uncertainty and infrastructure restrictions increase the value of
local control. The preferred model should therefore support technical modernization without creating unneces-
sary dependence on external platforms or opaque SLA enforcement. This explains why owned vEPC emerges
as the strongest case fit, while outsourced service models remain useful as partial, transitional, or hybrid options
rather than as full replacements for operator-controlled core governance.

4.6. Practical implications for emerging-market operators

The proposed framework has several practical implications beyond the Wataniya Mobile case. First, it
provides a structured way to separate short-term affordability from long-term suitability. Operators often com-
pare deployment models primarily through procurement cost, but this may conceal recurring service charges,
escalation delay, platform dependency, and loss of observability. The TCO and technical-validation layers help
reveal these hidden dimensions.

Second, the framework highlights that the migration path can be phased. A constrained operator does
not need to move directly from legacy EPC to a full cloud-native core. A practical roadmap may begin with a
limited vEPC proof of concept, continue with partial virtualization of selected EPC functions, and then expand
toward broader NFV/MANO integration after staff skills, operational processes, monitoring tools, and security
controls mature. This phased interpretation reduces implementation risk while preserving the long-term target
architecture.

Virtualized evolved packet core deployment strategies in emerging Palestinian ... (Saed Tarapiah)
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Third, the model can support executive communication. Technical teams usually evaluate scalability,
redundancy, recovery, and observability, while business teams focus on CapEx, OpEx, vendor contracts, and
time to market. Regulatory and security teams focus on data control, compliance, and accountability. By
placing these concerns in one matrix, the framework allows decision makers to see how the selected model
performs across multiple organizational viewpoints rather than treating the choice as a purely technical or
purely financial decision.

Fourth, the framework can be used as a migration-control instrument. The operator can define decision
gates before each implementation phase. At each gate, the team can reassess technical readiness, cost exposure,
vendor dependency, regulatory constraints, security posture, and measurable service quality. This is especially
important in emerging markets because procurement delays, infrastructure restrictions, and cloud-readiness
gaps may change the feasibility of the selected model during implementation. Table |1 1| provides a compact
roadmap that keeps the paper practical while avoiding unsupported claims of a completed pilot deployment.

Table 11. Suggested phased roadmap for applying the selected VEPC model

Phase Main activity Decision gate

Readiness audit Review EPC assets, skill gaps, monitoring  Confirm that virtualization scope and risk boundaries
tools, and regulatory constraints are clear

Proof of concept Deploy limited vEPC functions in a controlled ~ Validate functionality, orchestration behavior, and op-
lab or isolated environment erational visibility

Controlled field trial ~ Test selected functions under limited live- Measure latency, availability, recovery, and trou-
traffic conditions bleshooting performance

Gradual migration Expand virtualization to additional functions  Confirm that SLA, security, and operational processes
or traffic domains remain stable

Optimization Tune scaling policies, resource allocation, cost ~ Recalibrate KPI weights and update the model ranking
controls, and monitoring if conditions change

This roadmap is also useful for preventing overgeneralization. The conclusion that owned vEPC is
preferred in this study should be treated as a case-specific decision result supported by cost modelling, expert
judgment, robustness interpretation, and scenario-based validation. It should not be read as a universal claim
that all emerging-market operators must adopt the same model. The framework remains transferable, but the
weights, cost values, provider assumptions, and regulatory inputs must be recalibrated for each operator shown
in Table 12.

Table 12. Practical use of the framework by operator stakeholders

Stakeholder group How the framework supports the decision

Network engineering Compares scalability, latency exposure, redundancy, and function-placement control

Operations and QoS teams Evaluates observability, troubleshooting visibility, SLA assurance, and recovery behavior

Security and regulatory teams  Examines data control, provider dependency, compliance exposure, and accountability boundaries

Finance and procurement Compares CapEx, recurring OpEx, TCO, SLA premiums, and long-term vendor dependency

Executive management Links the technical architecture decision to strategic control, investment risk, and service differenti-
ation

4.7. Limitations

The study remains a case-study-based decision analysis and should not be interpreted as a univer-
sal ranking of EPC deployment models. The results depend on the Palestinian operator context, the selected
KPI set, the expert-panel judgments, and the five-year TCO assumptions. In markets with mature cloud reg-
ulation, stronger national NFVI providers, lower connectivity risk, or different traffic profiles, NFVIaaS or
platform-based models may receive stronger rankings. In addition, the technical validation is scenario-based
and analytical; it supports the interpretation of the ranking but does not replace live measurements. These
limitations are addressed by the future pilot-validation path proposed below.

4.8. Future work

Future work should validate the ranking through staged pilot deployments, beginning with a limited
vEPC proof of concept and controlled field trials. Measured indicators should include latency, jitter, packet
loss, throughput, availability, VNF instantiation time, scaling time, recovery time, troubleshooting duration,
resource utilization, and energy consumption [12], [14], [15]. The measured values can then be compared with
the predicted KPI scores to recalibrate the weighting and scoring matrix.
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A second extension is to model edge-enabled EPC and 5G-core placement. Future versions should
evaluate the placement of control-plane and user-plane functions across central cloud, regional cloud, and edge
sites. This would allow the framework to account for local breakout, transport cost, edge-site availability,
orchestration overhead, energy footprint, and UPF/vUPF placement decisions [16], [28].

A third extension is multi-operator slicing and infrastructure sharing. In emerging markets, shared
NFVI, neutral-host deployments, and cross-operator slice federation may become attractive because of spec-
trum scarcity, capital limitations, and infrastructure restrictions. Extending the framework in this direction
requires additional KPIs for slice isolation, inter-operator governance, data ownership, cross-domain SLA as-
surance, regulatory compliance, and revenue-sharing mechanisms [13], [17], [18].

5. CONCLUSION

This paper presented a compact, context-aware decision framework for selecting EPC virtualization
strategies in an emerging Palestinian mobile-network scenario. The framework combines expert-based KPI
elicitation, AHP-supported weighting, weighted scoring, TOPSIS-style robustness checking, five-year TCO
estimation, and scenario-based technical validation. The analysis indicates that owned NFV/VEPC provides
the strongest overall fit for Wataniya Mobile when OpEx reduction, QoS/SLA assurance, operational control,
security governance, regulatory exposure, implementation constraints, and long-term service flexibility are
considered together. NFVIaaS and VNPaaS remain useful alternatives for operators prioritizing lower initial
CapEx, but their provider-dependency and governance limitations reduce their overall suitability in this case.
The proposed framework can support similar deployment-selection decisions in other constrained emerging
markets, provided that KPI weights and cost assumptions are recalibrated to the local regulatory, traffic, cloud-
readiness, and business environment.
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