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Abstract. This research compares the performance of two widely 

used open-source 5G core (5GC) platforms, Free5GC and Open5GS, 

in a resource-constrained private network environment. While 

previous studies have mainly focused on feature comparison or 

large-scale deployments, performance under limited computational 

resources has received less attention, particularly for small-scale 

enterprise use cases. In this work, both platforms are integrated 

with UERANSIM to emulate end-to-end 5G communication and 

evaluated under dynamic user equipment (UE) scaling. Each 5GC 

instance and simulator component is allocated one CPU core and 2 

GB of memory. Performance is assessed using key Quality of 

Service (QoS) metrics, including throughput, latency, packet loss, and 

resource utilization (CPU and memory), under both TCP and UDP 

traffic. The results show that Open5GS consistently provides better 

performance than Free5GC. It achieves up to 10.58 Mbps 

throughput compared to 9.22 Mbps and maintains lower latency 

around 0.72–0.73 ms, while Free5GC reaches up to 1.20 ms as the 

number of UEs increases. In addition, Free5GC reaches high CPU 

utilization earlier under increasing load. These differences are 

mainly related to its microservice-based architecture, which 

introduces additional processing overhead. 
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1. INTRODUCTION 

 

The rapid development of 5G networks has introduced new requirements for high data 

rates, low latency, and flexible network deployment. Unlike previous generations, the 5G 

Core (5GC) adopts a service-based architecture (SBA) [1], enabling scalable and cloud-

native network functions that support diverse applications such as enhanced mobile 

broadband (eMBB), ultra-reliable low-latency communication (URLLC), and massive 

machine-type communication (mMTC) [2], [3], [4].  

 

In addition to commercial deployments, open-source 5GC platforms have gained 

increasing attention in research and private network environments due to their flexibility, 

cost efficiency, and support for rapid prototyping. Among these platforms, Free5GC and 

Open5GS are widely used for implementing and evaluating 5G core functionalities [5], [6]. 

Despite their similar objectives, the two platforms differ significantly in architectural 

design. Free5GC adopts a microservice-based approach, while Open5GS follows a more 

integrated architecture. These differences may have a direct impact on performance, 

scalability, and resource efficiency [7]. 

 

Several previous studies have evaluated open-source 5GC platforms, primarily focusing 

on feature comparison, control-plane performance, or large-scale deployments. However, 

limited attention has been given to evaluating their performance under resource-

constrained environments that reflect small-scale private or enterprise deployments [8]. 

In such conditions, computational limitations can significantly affect system stability, 

packet processing efficiency, and overall Quality of Service (QoS) [9], [10]. 

 

To address this gap, this research presents a structured performance evaluation of 

Free5GC and Open5GS in a controlled, resource-constrained testbed [11]. The evaluation 

is conducted using dynamic user equipment (UE) scaling and focuses on key QoS metrics, 

including throughput, latency, packet loss, and resource utilization. In addition to 

quantitative measurement, this study provides an architecture-aware analysis that links 

performance behaviour to system design characteristics. 
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The main contributions are as follows: 

1) A controlled experimental comparison of Free5GC and Open5GS integrated 

with UERANSIM in a resource-constrained private 5G testbed. 

2) A comprehensive evaluation of QoS performance and system efficiency using 

throughput, latency, packet loss, and CPU and memory utilization under 

dynamic UE scaling. 

3) Practical insights into deployment suitability, highlighting the trade-offs 

between flexibility and efficiency in open-source 5GC implementations. 

 

2. METHODS 

 

This research evaluates the performance of Free5GC and Open5GS in a controlled and 

resource-constrained testbed designed to represent small-scale private 5G network 

deployments. Both platforms are deployed on the same physical host to ensure 

consistent hardware conditions and eliminate variability caused by different system 

environments [12]. The experiments are conducted on a Lenovo X1 Carbon laptop 

equipped with an Intel Core i7 (9th generation) processor and 16 GB of RAM. The system 

runs a virtual machine environment using VMware with Ubuntu 22.04 as the operating 

system. All 5G core components and UERANSIM instances are executed within the virtual 

machine to provide isolation and consistent resource allocation during testing. 

 

 
Figure 1. Experimental testbed architecture of Free5GC and Open5GS integrated with 

UERANSIM 
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Each 5G core instance, including both control plane and user plane functions, is 

configured with one dedicated CPU core and 2 GB of memory. The UERANSIM 

components, including the simulated UE and gNodeB (gNB), are also assigned the same 

resource limits [13]. This setup is designed to emulate constrained computational 

environments commonly found in small-scale enterprise or laboratory deployments [14], 

[15]. Free5GC and Open5GS are integrated with UERANSIM to enable end-to-end 5G 

communication, including UE registration, session establishment, and user plane data 

transmission [16], [17]. The overall system architecture is illustrated in Figure 1. All 

components are interconnected through a consistent virtual network configuration 

within the virtual machine. To ensure a fair comparison, both platforms are evaluated 

under identical configurations, including network topology, resource allocation, and 

traffic conditions. Background processes are minimized, and each experiment is executed 

under the same initial system conditions. Traffic generation is performed using iperf3 

under both Transmission Control Protocol (TCP) and User Datagram Protocol (UDP) to 

evaluate network performance under reliable and best-effort transmission conditions. 

Continuous traffic is generated between the simulated UE and the core network during 

each test scenario. 

 

2.1 Dynamic UE Scaling Scenario 

To evaluate system scalability, a dynamic UE scaling scenario is implemented by gradually 

increasing the number of UEs connected to the network. The experiments are conducted 

at three UE levels, namely 10, 30, and 60 UEs, representing low, moderate, and relatively 

high load conditions within the constrained testbed environment [18], [19]. Each scenario 

is executed using the same traffic configuration and resource allocation for both 

Free5GC and Open5GS. The scaling process is performed in defined steps, allowing 

observation of performance trends as the number of active UEs increases. All scenarios 

are conducted under identical conditions for both platforms to ensure that performance 

differences are primarily influenced by architectural characteristics rather than external 

factors. 

 

2.2  Performance Metrics 

The performance evaluation focuses on key QoS metrics, including throughput, latency, 

packet loss, and resource utilization (CPU and memory) [20], [21]. Throughput represents 

the effective data transmission rate achieved during each test [22]. Latency reflects the 
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delay in packet delivery between endpoints, while packet loss indicates the reliability of 

data transmission under increasing load conditions [23][24]. CPU and memory utilization 

are analyzed to assess resource efficiency and system scalability in constrained 

environments [25].  Each test is conducted for a duration of 10 minutes to observe system 

behavior under sustained load conditions. To ensure consistency and reliability of the 

results, each scenario is repeated 10 times, and the reported values represent the average 

of these measurements for each performance metric. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Throughput  

The throughput results under dynamic UE scaling reveal a clear performance difference 

between Free5GC and Open5GS for both TCP and UDP traffic, as illustrated in Figure 2. 

 

 
(a) 

 
(b) 

Figure 2. TCP (a) dan UDP (b): Throughput comparison for dynamic UE under low-

resource conditions 

 

Under TCP traffic, both platforms achieve similar throughput at low load (10 UEs), reaching 

approximately 10 Mbps. However, as the number of UEs increases, Free5GC shows a 

gradual decrease in throughput, dropping to 9.22 Mbps at 60 UEs. In contrast, Open5GS 

maintains stable performance and even shows a slight increase, reaching up to 10.58 Mbps 

at 60 UEs. A similar trend is observed under UDP traffic. While both platforms start with 

comparable throughput at 10 UEs, Free5GC experiences a consistent decline as the load 

increases, decreasing to 9.17 Mbps at 60 UEs. Meanwhile, Open5GS maintains higher 

throughput, reaching 10.25 Mbps at 30 UEs and 9.98 Mbps at 60 UEs, indicating more 
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stable packet handling under increasing load conditions. This behavior can be explained 

by the architectural differences between the two platforms. Free5GC adopts a 

microservice-based architecture, which introduces additional overhead due to inter-

process communication between network functions. As the number of UEs increases, this 

overhead leads to higher CPU utilization and reduced packet processing efficiency, 

resulting in throughput degradation. In contrast, Open5GS employs a more integrated 

architecture with lower communication overhead between components. This enables 

more efficient packet processing and better utilization of limited computational 

resources, allowing it to maintain stable throughput even under higher UE load. 

 

3.2 Latency 

The latency results demonstrate a consistent and significant performance difference 

between Free5GC and Open5GS under both TCP and UDP traffic conditions, as shown in 

Figure 3. 

 

 
(a) 

 
(b) 

Figure 3. TCP (a) dan UDP (b): Latency comparison for dynamic UE under low-resource 

conditions 

 

Under TCP traffic, Open5GS consistently achieves lower latency compared to Free5GC 

across all UE levels. At 10 UEs, Free5GC records 0.82 ms, while Open5GS achieves a lower 

latency of 0.77 ms. As the number of UEs increases, Free5GC shows a gradual increase in 

latency, reaching 0.87 ms at 60 UEs. In contrast, Open5GS maintains more stable 

performance, with latency decreasing slightly to 0.72 ms at higher load levels. The 

difference becomes more pronounced under UDP traffic. Free5GC exhibits higher and 



Vol. 8, No. 2, April 2026 

 
 

Naufal Hanan Lutfianto, Budi Prasetya, et al | 2104 

more variable latency, increasing from 1.08 ms at 10 UEs to 1.20 ms at 60 UEs. Meanwhile, 

Open5GS maintains significantly lower latency, with values as low as 0.11 ms at 10 UEs 

and 60 UEs, and 0.73 ms at 30 UEs. This indicates that Open5GS handles best-effort traffic 

more efficiently, even under increasing load conditions. These results can be attributed 

to the architectural differences between the two platforms. Free5GC adopts a 

microservice-based architecture, where communication between distributed network 

functions introduces additional processing delay, especially under higher load conditions. 

This results in increased latency and variability as system resources become constrained. 

In contrast, Open5GS utilizes a more integrated architecture, which reduces inter-process 

communication overhead and enables faster packet processing. This leads to lower and 

more stable latency across different traffic conditions and UE levels. 

 

3.3 Packet Loss 

The packet loss results highlight the reliability performance of Free5GC and Open5GS 

under both TCP and UDP traffic conditions, as shown in Figure 4. 

 

 
(a) 

 
(b) 

Figure 4. TCP (a) dan UDP (b): Packet loss comparison for dynamic UE under low-

resource conditions 

 

Under TCP traffic, both platforms demonstrate near-zero packet loss across all UE levels. 

This is expected, as TCP incorporates retransmission mechanisms that ensure reliable 

data delivery even under increasing network load. A negligible packet loss is observed in 

Free5GC at 30 UEs; however, its impact is minimal and does not significantly affect 

overall performance. In contrast, the UDP results reveal a more distinct difference 



Vol. 8, No. 2, April 2026 

 
 

2105 | Comparative Quality of Services and Resource Utilization Analysis of Free5GC ….. 

between the two platforms. At 10 UEs, Free5GC exhibits a significantly high packet loss 

of approximately 57%, while Open5GS maintains zero packet loss under the same 

condition. This indicates that Free5GC experiences instability under certain initial 

conditions when handling best-effort traffic. As the number of UEs increases, packet loss 

in Free5GC decreases substantially, reaching 0.17% at 30 UEs and 0.28% at 60 UEs. 

Meanwhile, Open5GS shows slightly increasing packet loss, reaching 0.20% at 30 UEs and 

0.30% at 60 UEs. Despite this increase, Open5GS maintains a more consistent and 

predictable behavior across different load levels. The high packet loss observed in 

Free5GC at low load may be attributed to initialization overhead or transient instability 

in the microservice-based architecture, where multiple network functions must 

coordinate during early stages of communication. As the system stabilizes, packet 

handling becomes more efficient, resulting in improved performance at higher UE levels. 

 

3.4 Resource Utilization 

Efficient resource distribution is critical in large-scale 5GC deployments, as it directly 

affects the system’s capacity to manage a growing number of UE connections. This 

section focuses on evaluating memory utilization as a key indicator of resource 

efficiency. 

 

3.4.1 Memory 

Resource utilization tests were conducted in a low-resource environment, using both TCP 

and UDP protocols on Free5GC and Open5GS. Memory usage patterns were observed as 

the number of UEs increased, and the results are presented in Figure 5 to 8 for both 

protocols across the two platforms. The findings indicate a linear increase in memory 

consumption for both Free5GC and Open5GS as the number of UEs increases. However, 

Free5GC consistently consumed more RAM than Open5GS under identical conditions. 

 

This behavior can be attributed to Free5GC microservice-based architecture, which 

involves running multiple independent network functions, each requiring its memory 

context and inter-process communication overhead. In contrast, Open5GS exhibits lower 

memory usage, benefiting from its monolithic and tightly integrated architecture, which 

reduces the need for extensive inter-process messaging and context switching. As a 

result, Open5GS achieves more efficient memory handling, particularly in scenarios with 

limited computational resources. Notably, the results also show that memory usage does 
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not reach full saturation, even as the number of UEs increases. This suggests that RAM 

is not the primary bottleneck in these low-resource environments. Instead, performance 

limitations are more closely linked to CPU constraints, which result in processing delays 

and ultimately lead to system instability under high-load conditions. These observations 

emphasize the importance of optimizing both memory and CPU usage in 5GC 

implementations, particularly for scalable deployments where resource efficiency is a key 

operational requirement. 

 

 
Figure 5. TCP: Memory usage comparison for dynamic UE under low-resource of 

Free5GC 

 

 
Figure 6. TCP: Memory usage comparison for dynamic UE under low-resource of 

Free5GC 
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Figure 7. TCP: Memory usage comparison for dynamic UE under low-resource of 

Open5GS 

 

 
Figure 8. TCP: Memory usage comparison for dynamic UE under low-resource of 

Open5GS 

 

3.4.2 CPU 

CPU utilization testing was conducted under resource-constrained conditions using TCP 

and UDP traffic for both Free5GC and Open5GS. Figures 9 and 10 illustrate the CPU usage 

of Open5GS under TCP and UDP workloads, respectively, while Figures 11 and 12 present 

the corresponding results for Free5GC. As the UE load increases, both platforms exhibit 

a progressive rise in CPU utilization, reflecting the growing computational overhead 

required to handle control-plane signaling and user-plane packet processing during 

dynamic UE scaling. At the initial stage, CPU usage remains low, reflecting minimal 
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processing demand. However, as additional UEs are introduced, CPU utilization rises 

sharply, approaching 90% usage on both systems under pressure. Notably, Free5GC 

reaches this high utilization threshold earlier than Open5GS.  

 

 
Figure 9. TCP: CPU usage comparison for dynamic UE under low-resource of Open5GS 

 

 
Figure 10. UDP: CPU usage comparison for dynamic UE under low-resource of Open5GS 

 

 
Figure 11. TCP: CPU usage comparison for dynamic UE under low-resource of Free5GC 
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Figure 12. UDP: CPU usage comparison for dynamic UE under low-resource of Free5GC 

 

This is primarily due to the inherent overhead in its SBA, which relies on microservices 

that communicate through asynchronous messaging. The resulting frequent inter-service 

interactions significantly increase processing demand, accelerating CPU exhaustion. 

 

Conversely, Open5GS exhibits a more gradual increase in CPU usage, benefiting from its 

monolithic architecture. This design minimizes inter-process communication, thereby 

enabling more efficient handling of growing network load. The steadier growth in CPU 

usage reflects better scalability and load management under resource-constrained 

conditions. These findings highlight the trade-offs between flexibility and efficiency in 

architectural design. While Free5GC modular design offers greater flexibility for testing 

and service customization, it incurs higher computational costs. Open5GS, with its simpler 

architecture, demonstrates greater processing efficiency, making it more suitable for 

private 5G networks and environments with limited computing resources. 

 

3.5 Discussion 

The results show that the performance of open-source 5G core platforms in a 

constrained environment is strongly influenced by their architectural design. Although 

both Free5GC and Open5GS successfully supported end-to-end communication with 

UERANSIM under all evaluated scenarios, their behavior diverged as the number of UEs 

increased. This confirms that, beyond functional compliance, implementation strategy 

plays an important role in determining the operational efficiency of a 5GC deployment, 

particularly in small-scale private or research environments where computational 

resources are limited [5]–[10], [14], [15]. Since both platforms were tested under identical 
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hardware, topology, and traffic conditions, the observed differences can be reasonably 

attributed to internal architectural characteristics rather than to external experimental 

variation [12]–[19]. 

 

A key finding of this study is that Open5GS maintained more stable throughput than 

Free5GC under both TCP and UDP traffic as UE load increased. At lower load levels, the 

two platforms delivered comparable throughput, indicating that both implementations 

are capable of supporting baseline user-plane communication effectively. However, as 

the number of active UEs increased, Free5GC exhibited a consistent throughput decline, 

whereas Open5GS preserved a relatively stable data rate. This behavior is consistent with 

the known architectural distinction between the two platforms: Free5GC adopts a 

microservice-based approach, while Open5GS follows a more integrated design [5]–[7]. In 

a resource-constrained setting, the service decomposition used by Free5GC likely 

introduces additional inter-process communication and scheduling overhead, reducing 

packet-processing efficiency when the system is subjected to higher signaling and traffic 

demand. Open5GS, by relying on tighter functional integration, appears to reduce this 

overhead and therefore achieves better throughput sustainability under load [7], [20]–

[22]. 

 

The latency results reinforce this interpretation. Across all evaluated UE levels, Open5GS 

consistently produced lower latency than Free5GC for both TCP and UDP traffic. This 

difference became especially visible under UDP, where Free5GC showed both higher 

average delay and greater variability. In the context of 5G systems, low and stable latency 

is essential for service quality, especially for use cases associated with real-time 

communication and responsive network behavior [2]–[4]. The higher latency observed in 

Free5GC can be linked to the additional processing path created by distributed service 

interaction within the service-based architecture introduced in 5GC [1]. Under limited CPU 

allocation, the cost of communication among network functions becomes more 

significant, contributing to queueing and processing delay. By contrast, Open5GS appears 

to process signaling and user-plane traffic more directly, resulting in lower end-to-end 

delay. These findings suggest that, in low-resource deployments, architectural integration 

can provide a measurable advantage in maintaining latency performance [7], [20], [23], 

[24]. 
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The packet loss analysis provides further insight into the reliability characteristics of 

both platforms. Under TCP traffic, packet loss remained negligible for both Free5GC and 

Open5GS, which is expected due to TCP retransmission and flow-control mechanisms 

[22]–[24]. Under UDP, however, the behavior was more distinctive. The unusually high 

packet loss observed in Free5GC at 10 UEs suggests that performance instability may 

emerge even before the system reaches high load. Since UDP lacks retransmission, such 

instability becomes immediately visible in the measured loss rate. One possible 

explanation is that the initialization and coordination overhead among Free5GC network 

functions affects packet handling during early-stage traffic establishment. After this 

initial condition, packet loss decreased considerably, indicating that the system became 

more stable once internal states and service interactions were fully established. 

Open5GS, in contrast, showed a more consistent pattern across all load levels, with only 

a slight increase in packet loss as the number of UEs rose. This suggests that Open5GS 

offers more predictable behavior under best-effort traffic, which is desirable in practical 

private-network operation where traffic conditions may vary over time [7]–[10], [23], [24]. 

 

The resource utilization results help explain why these QoS differences emerged. Memory 

consumption increased approximately linearly with the number of UEs on both platforms, 

which is expected because each additional UE introduces more context information, 

session state, and traffic-related processing demand [20], [21], [25]. However, Free5GC 

consistently consumed more memory than Open5GS. This is consistent with the 

characteristics of a microservice-based design, where multiple network functions 

operate as separate processes with their own memory allocation and communication 

buffers [1], [7]. Open5GS, by adopting a more consolidated architecture, reduces 

duplication of runtime context and therefore uses memory more efficiently. At the same 

time, the results indicate that memory usage did not reach saturation during the 

experiments. This suggests that RAM was not the dominant bottleneck in the evaluated 

environment, even though memory efficiency remains relevant for scalability and 

deployment density in constrained systems [14], [15], [25]. 

 

In contrast, CPU utilization emerged as the primary limiting factor for both platforms. As 

UE count increased, CPU usage rose sharply, but Free5GC reached critical utilization 

levels earlier than Open5GS. This strongly indicates that processing overhead, rather than 

memory exhaustion, was the main source of throughput degradation and latency growth 
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in the testbed. This finding is particularly important because it clarifies the operational 

trade-off between flexibility and efficiency that has been noted in prior comparisons of 

open-source 5GC implementations [5]–[8]. Free5GC, through its service-based and 

modular architecture, offers structural flexibility that is useful for experimentation, 

function isolation, and cloud-native development. However, this flexibility comes at a 

computational cost, especially when the available processing resources are tightly 

bounded. Open5GS, with its more integrated implementation, appears better suited to 

low-resource execution because it minimizes inter-function coordination overhead and 

preserves more CPU capacity for actual control-plane and user-plane processing [7], [14], 

[15], [25]. 

 

From a deployment perspective, these findings have practical implications for private 5G 

networks, small enterprise environments, and laboratory-scale testbeds. In such 

scenarios, infrastructure is often limited, and performance stability may take priority over 

architectural extensibility [8]–[10], [14], [15]. Based on the observed results, Open5GS 

appears to be more appropriate when the objective is to achieve efficient and stable 

operation on modest hardware. Free5GC remains highly relevant, but its strengths may 

be better aligned with use cases that prioritize modularity, service separation, and 

architectural experimentation over computational efficiency. This distinction is important 

because open-source platforms are frequently selected not only for cost reasons, but 

also for their suitability to specific operational and research objectives [5], [6], [8]. 

 

The discussion should also be interpreted in light of the study limitations. The 

experiments were conducted in a single-host virtualized environment using a controlled 

low-resource configuration, which was intentionally designed to emulate constrained 

deployment conditions [12], [14], [15]. While this supports fairness and repeatability, the 

results may differ in larger distributed deployments, multi-host topologies, or cloud-

native orchestration environments where network functions can be allocated additional 

resources or separated across nodes. The present evaluation also focused on aggregate 

QoS and resource metrics, without isolating the contribution of individual network 

functions or measuring signaling-stage delay in detail [20]–[25]. Future work could 

therefore extend the analysis by profiling specific network functions, examining 

container-based deployment scenarios, and evaluating larger UE populations to 

determine whether the observed architectural trends remain consistent at greater scale. 
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Overall, the findings indicate that Open5GS provides better efficiency and more stable 

QoS under resource-constrained UE scaling, while Free5GC offers greater architectural 

modularity at the cost of higher processing overhead [5]–[8]. This outcome is consistent 

with the broader design trade-off implied by the 5GC service-based architecture itself, 

where function separation improves flexibility and cloud-native alignment but may 

reduce efficiency when resources are limited [1], [7]. Therefore, the choice between 

Free5GC and Open5GS should depend on deployment priorities: Open5GS is more suitable 

for constrained operational environments that require stable performance, whereas 

Free5GC is better suited for development and research scenarios that benefit from a 

modular and service-oriented core network structure. 

 

4 CONCLUSION 

 

This research evaluates the performance of two widely used open-source 5GC platforms, 

Free5GC and Open5GS, in a resource-constrained private network environment using 

dynamic UE scaling. The evaluation focuses on key QoS metrics, including throughput, 

latency, packet loss, and resource utilization. The results show that Open5GS provides 

more stable and efficient performance compared to Free5GC under constrained 

conditions. Open5GS maintains higher and more consistent throughput, while Free5GC 

experiences performance degradation as the number of UEs increases. In terms of 

latency, Open5GS achieves lower and more stable delay, particularly under UDP traffic, 

whereas Free5GC shows increased latency under higher load. Both platforms 

demonstrate near-zero packet loss under TCP traffic; however, under UDP conditions, 

Open5GS exhibits more consistent performance, while Free5GC shows higher variability. 

From a resource perspective, Open5GS achieves better efficiency, while Free5GC incurs 

higher overhead due to its microservice-based architecture. 
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