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1. Introduction 

Cloud gaming is emerging as a disruptive paradigm in digital entertainment, enabling high-performance 

gaming experiences without the need for expensive personal hardware. By leveraging powerful remote 

servers, low-latency networks, and scalable cloud infrastructures, this technology is transforming the way 

users access and consume games, moving beyond traditional PCs and consoles towards a more accessible, 

device-independent future [1].Since the arcade days of the 1970s and the console wars of the 1990s and the 

age of digital distribution, the gaming industry has never stood still [2]. The first consoles, like the Atari 

2600 and Nintendo Entertainment System, made home gaming a massively popular phenomenon and created 
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the foundation of interactive entertainment (RXL Professional Services, 2023) [10]. The 90s have also given 

rise to powerful systems such as the Sony PlayStation that brought with it 3D graphics and more realistic 

storytelling, which raised both the gameplay and the standards of narratives (Vocal Media, 2024) [14]. The 

2000s also brought about the current shift in gaming as online connectivity was introduced to the game by 

the introduction of systems such as Xbox Live and PlayStation Network, which allowed the gaming 

experience to be social and made gaming a social medium (RXL Professional Services, 2023; Easytonet, 

2024) [10] [6]. 

A paradigm shift was witnessed in the 2010s as faster broadband and scalable cloud infrastructure made 

cloud gaming possible [17]. Other platforms like Google Stadia, NVIDIA GeForce Now and Xbox Cloud 

Gaming have taken the streaming of games to a more mainstream audience despite the initial demonstrations 

of the technology during the early days by OnLive and Gaikai (Serious Games Industry, 2024) [11]. Cloud 

gaming also lowers the dependency on costly hardware in comparison to traditional PCs and consoles, which 

means that other devices, including smartphones, tablets, and low-end PCs can be used as a gaming platform 

(Investopedia, 2023) [7]. Nevertheless, issues like network latency, great bandwidth needs, and uneven 

infrastructure around the world continue being the main barriers (Serious Games Industry, 2024) [11]. 

The purpose of this paper is to critically analyze the performance and deployment of cloud gaming to real-

life applications. Comparing the conventional gaming hardware with the cloud-based systems, the research 

recognises the opportunities and limitations, as well as predicts the further development of the path due to 

the emergence of novel technologies like 5G, AI-based optimisation, and edge computing. 

2. Literature Review 

A. History of Cloud Gaming. 

Cloud computing has also transformed the gaming industry greatly where computationally intensive 

processes, including rendering and physics simulation, can be performed in remote servers instead of being 

performed in a user device. It eliminates the reliance on essential local hardware and presents access to high-

end gaming experiences that can be scaled (Chandola et al., 2024) [3]. Early experiences of GPU 

virtualization, including the NVIDIA GRID technology, proved that it was possible to provide real-time 

graphics over cloud infrastructure with lower input-to-dispensation latency and provided a platform to launch 

commercial services (Di Domenico et al., 2021) [5]. 

B. Overview of Platforms 

There are a couple of platforms that are examples of the cloud gaming ecosystem. NVIDIA proposes 

GeForce Now, a service that is powered by GPUs with RTX-class capabilities to deliver scalable 

performance, which may stream at up to 1440p and 120 FPS and adaptive bitrate control (NVIDIA, 2024). 

Xbox Cloud Gaming (previously xCloud) is an ecosystem that is connected to the Game Pass model that 
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allows users to reach a massive catalogue using PC, console, and mobile platforms (Windows Central, 2024) 

[15]. The first streaming service of its type to be launched by a console was PlayStation Now (which was 

recently renamed PlayStation Plus Premium), but its competitiveness was lowered due to drawbacks in 

resolution and latency (Di Domenico et al., 2021) [5]. Google Stadia was a system released in 2019, which 

featured low-latency streaming and extensive integration with YouTube but failed to reach critical adoption, 

which reflects the issues of scalability and support of an ecosystem (Baldovino, 2022) [1]. 

C. Challenges: Latency, Bandwidth, Device Compatibility 

Although this has improved, latency is still cited as the most adopted technical barrier. High-speed genres 

like a first-person shooter require sub-60 ms round-trip latencies, and such latencies cannot always be 

attained by many networks [8]. The other important variable is bandwidth: Stadia demanded up to 3545 

Mbps, 4K gaming, and PlayStation Now limited streams to lower bitrates in order to be accessible by 

networks with lower speeds (Di Domenico et al., 2021) [5]. The compatibility of the devices is also on the 

rise, although there are mixed experiences: smartphones and low-end laptops can be used with cloud 

services, but the unstable network conditions or inadequately powerful hardware to decode video can 

seriously slow performance (Baldovino, 2022) [1]. Studies of foveated streaming, which is the process of 

delivering high-resolution video only to the focal point of a user, indicate how to cut bandwidth without 

affecting quality (Choy et al., 2018) [4]. 

D. Research Gaps 

There are still a number of important research gaps in spite of the large number of studies conducted on 

platforms such as Stadia, GeForce Now, and PlayStation Now.  Especially in latency-sensitive genres like 

first-person shooters, the majority of studies focus on Quality of Service (QoS) metrics—latency, packet 

loss, and throughput—without sufficiently relating them to Quality of Experience (QoE).  Furthermore, 

current research frequently ignores connectivity issues in emerging economies due to regional restrictions on 

developed markets.  Another restriction is transparency, as there are few independent large-scale validations 

of service providers' claims, and they seldom reveal proprietary protocols.  Proposed solutions such as edge 

computing, predictive input modeling, and AI-driven resource allocation remain largely untested in real-

world deployments.  By contrasting top platforms and tying QoS trade-offs to user experience, this study fills 

in these gaps and predicts the future of cloud gaming. 

3. Research Methodology  

A. Approach 

The research employs a mixed-methodology that is based on qualitative data by utilizing case 

studies as well as quantitative performance indicators. It aims at assessing the practical 

implementation of cloud gaming platforms compared with the traditional PC and console systems. 
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B. Data Collection 

Industry Reports: New GeForce Now RTX 5080 upgrades benchmarks (PC Gamer, 2024; Tom’s 

Guide, 2024) [9] [13] and the most recent updates to the infrastructure of Xbox Cloud Gaming 

(Windows Central, 2024) [5]. 

Case Studies: Packet-trace and QoS/QoE analyses of Stadia, GeForce Now, and PlayStation Now 

(Di Domenico et al., 2021) [5]. 

UPDATE: User Experience Studies: Experimental latency thresholds research and practical reviews 

of the streaming services on handsets (The Verge, 2024) [12]. 

C. Analysis 

The metrics that were used to compare performance are the latency (ms), stability of framerate 

(FPS), and bandwidth consumption (Mbps). A cost-benefit analysis was incorporated by comparing 

the cost of subscribing and hardware requirements with performance results. 

 

Figure 1: Methodology Flow Chart  

4. Results & Analysis 

This section analyses how the major cloud gaming platforms, GeForce Now, Stadia, Xbox Cloud Gaming 

and PlayStation Now perform based on their latency, frames per second (FPS), bandwidth needs, price, and 

general user experience. Findings are drawn in relation to both technical measurements and secondary 

literature. 
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A. Latency and FPS Performance 

The main determinants of viability of cloud gaming are latency and FPS. GeForce Now is able to show high 

performance and regularly has a latency of around 35 ms on average and can support FPS of up to 120 due to 

its RTX remote servers and adaptive streaming technologies. Compared to that, Stadia has an average of 50 

ms latency and 60 FPS, whereas Xbox Cloud Gaming has an average of 60 FPS and 60 ms latency. 

PlayStation Now is trailing with a latency of about 75 ms and 30 FPS showing its underdeveloped 

infrastructure level. 

This tendency is represented in Figure 2 where the latency-FPS trade-off of the four platforms is compared. 

Those findings emphasize the sensitivity of fast-paced game genres like first-person shooters to latency, but 

slower genres (e.g., RPGs) are relatively playable even with increased delays. 

 

Figure 2: Comparative cost vs performance insights between cloud subscriptions and traditional gaming 

hardware 

B. Bandwidth Requirements and User Experience 

The most important factor affecting Quality of Experience (QoE) is bandwidth. It has been demonstrated that 

720p games need 10 Mbps minimum, 1080p games need around 20 Mbps, and games at 4K need more than 

35-45 Mbps to achieve a smooth play experience (Di Domenico et al., 2021). GeForce Now has the most 

scalable offer where it can dynamically change the resolution depending on the user bandwidth. Stadia, 

however, has a high sustained throughput to support the stable 4K playback and thus it performs poorly 

when used on a limited network. 
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It was found that the bandwidth thresholds and user experience are interconnected at various resolutions as 

shown in Figure 2. Only 720p streaming is achievable in the lower bandwidth levels and user satisfaction is 

greatly enhanced as the bandwidth is increased, in the 4K gaming scenario. 

 

Figure 3: Bandwidth requirements and user experience correlation in cloud gaming 

 

C. Cost Vs Performance Insights 

The subscription nature of cloud gaming offers a cheap way of getting into gaming than the conventional 

ownership of hardware. As an example, the higher-tier of GeForce Now pricing is approximately 15 per 

month whereas Xbox Cloud Gaming is part of Game Pass Ultimate priced at approximately 17 per month. In 

comparison, the high-end gaming computers involve initial costs of over 1000 dollars and the PlayStation 5 

or Xbox Series X consoles are about 500 dollars, without including the cost of the game. 

The figure is the comparison of these models in terms of cost and relative performance. Although a 

committed PC still is the most performant (around 95/100 score), cloud services can reach around 

80/85 score out of 100 at a fraction of the price, and thus they are appealing to cost-conscious 

gamers. Nevertheless, the long-term adoption should also take into consideration hidden expenses 

like the necessity of fast internet and regular subscription. 
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Figure 4: Cloud gaming user penetration in Europe 

D. Comparative Deployment Insights 

Mixed results are demonstrated in practice. An example is GeForce Now, which operates at almost local 

speed on high-speed fiber networks but cannot perform with mobile networks, despite adaptive streaming. 

The advantages of Xbox Cloud Gaming include the fact that it is integrated with the Azure network of 

Microsoft, which is both global and offers uneven performance across regions. The shutting down of Stadia 

in 2023 shows that even technically advanced services do not succeed without good partnership with 

publishers and being accepted by the market. 

The lowest performance is demonstrated by PlayStation Now, which is less competitive owing to its capped 

resolution and FPS. However, it has the advantage of having a huge back catalogue of PlayStation titles, 

which hints at the fact that content exclusivity is not inferior in drawing users to it compared to raw 

performance. 
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Figure presents a summary of the technical performance indicators of the third-party benchmarking to help 

solidify the strengths and weaknesses of each service. 

 

Figure 5: Next Gen Gaming on any device 

Table 1: Comparative Framework of Cloud Gaming Platforms 

Platform Avg. 

Latenc

y (ms) 

FPS 

Supporte

d 

Bandwidth 

Usage 

Subscriptio

n Model 

Strengths Weaknesse

s 

GeForce Now ~35 ms Up to 120 

FPS 

Adaptive (10–

45 Mbps 

depending on 

resolution) 

Free tier with 

limited 

sessions; 

Priority tier 

$15/month 

High FPS, low 

latency, 

scalable 

performance, 

wide device 

support 

Limited game 

library due to 

publisher 

licensing 

Google Stadia 

(discontinue

d 2023) 

~50 ms Up to 60 

FPS (4K 

available) 

High 

sustained 

throughput 

(20–35+ Mbps 

for stable 4K) 

Stadia Base 

(free, game 

purchases 

required); 

Stadia Pro 

(~$10/month) 

Strong 

technical 

execution, 4K 

support, 

integration 

with YouTube 

Failed 

adoption due 

to weak 

ecosystem 

and lack of 

publisher 

support 

Xbox Cloud 

Gaming 

(Game Pass) 

~60 ms Up to 60 

FPS 

~15–30 Mbps 

recommende

d 

Included with 

Game Pass 

Ultimate 

(~$17/month) 

Huge game 

library via 

Game Pass, 

cross-

platform 

Performance 

varies 

regionally, 

capped at 
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play, strong 

Azure 

infrastructur

e 

1080p/60 FPS 

PlayStation 

Now 

(PlayStation 

Plus 

Premium) 

~75 ms Up to 30 

FPS 

~10–20 Mbps Part of 

PlayStation 

Plus Premium 

(~$18/month) 

Large 

exclusive 

PlayStation 

catalogue, 

legacy game 

support 

Higher 

latency, 

capped FPS 

and 

resolution, 

weaker 

streaming 

quality 

 

The findings show the possibilities of cloud gaming and their constraints. The most remarkable advantage, in 

turn, is accessibility as the user side can utilize games of high-quality regardless of their low-end hardware. 

This makes gaming easier to start and democratized especially in areas where high-performance PCs and 

console pricing is too high. Nevertheless, user experience is severely restricted on unstable and low-

bandwidth internet connections, which prevents widespread usage in low-connectivity locations. 

To developers, cloud gaming has the advantage of delivering easy distribution and anti-piracy solutions 

because titles are centrally hosted, and not physically or digitally delivered to local machines. New 

monetisation approaches, including subscription plans (e.g, Xbox Game Pass), also become viable in this 

model (which helps to improve revenue stability) . However, developers also have to deal with the limitation 

of licensing, i.e. limited library of GeForce Now, which makes it more difficult to partner with publishers . 

Recurring subscription and infrastructure monetisation is beneficial to service providers. But they are also 

experiencing the twofold problem: they must scale low-latency infrastructure and be differentiated in a 

saturated market as was the case with the commercial failure of Google Stadia.  

In the future, new technologies, like 5G, 6G, can help reduce the bottlenecks associated with latency and 

bandwidth by moving the edge servers nearer to end-users, which will shorten round-trip time .Similarly, 

edge computing and AI-based optimisations are able to dynamically allocate resources, make predictions of 

player actions and vary the quality of encoding to enhance Quality of Experience. All these innovations 

together indicate that cloud gaming could become a smooth substitute of the conventional hardware, as long 

as the problem of infrastructure constraints is taken care of. 
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5. Conclusion & Future Work 

The paper potential revolution of cloud gaming through comparing core platforms, performance indicators, 

and evaluations of the trade-offs in cost-benefit. It has been found that cloud gaming offers unparalleled 

accessibility and cost-saving, but still has to deal with the issues of latency, bandwidth, and integration in the 

ecosystem. The examples of GeForce Now and Xbox Cloud Gaming represent the potential strategic long-

run solutions, whereas the collapse of Stadia proves that technical execution is not a sufficient condition 

without the content and user transition. 

Dependence on publicly reported performance data and secondary reports limits the study since it provides 

very little technical information about their infrastructures. In addition, the connectivity between different 

regions is different and limits the generalisability of results. 

The next generation of research needs to be on AR/VR integration, in which cloud rendering would allow 

immersive experiences on lightweight headsets. Equally, ownership models built on blockchain would 

enable solutions to the problem of digital rights management in cloud ecosystems, and metaverse integration 

would make cloud gaming a key element of the next generation of digital interaction. Finally, cloud gaming 

will succeed by balancing the development of the ecosystem with the technical feasibility, and not only will 

it be playable but sustainable in the long term to all stakeholders. 

Manuscript The prospective transformation of cloud gaming was examined through the comparison of the 

main platforms and the main metrics and the evaluation of the cost-benefit trade-offs. It was established that 

cloud gaming grants unparalleled accessibility and cost savings, but still has to deal with the latency, 

bandwidth capping, and the system integration problems. Examples that include GeForce Now and Xbox 

Cloud Gaming are advanced as potentially successful long-term strategic options, and the failure of Stadia 

proves that the technical implementation does not suffice without any attractive content and preferred 

transitions to users (Di Domenico et al., 2021; Windows Central, 2024). The use and dependence on publicly 

reported performance data and secondary reporting restrict the study which did not leave much in terms of 

technical detail over the underlying infrastructures. In addition, inter-regional difference in terms of 

connectivity also restricts the externalizability of the results. 

Key Findings: 

 GeForceuints GeForce Now is the lowest-latency and highest frame-rate video-delivery service; 

however, its game library is less extensive, which limits wider use.   

 Xbox Cloud Gaming is built on the existence of Microsoft Azure infrastructure and the Game Pass 

system; however, the application suffers from latitudinal performance and a low upper streaming 

quality.   
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 Google Stadia had solid elements in terms of its technologies, including consistent support at 4K; it did 

not succeed because of poor publisher relations and market unacceptability.   

 PlayStation Now performs even more poorly, having greater latency and a latent intoxicated FPS; 

however, it has a substantial roster of exclusive properties which gives it an exclusive competitive 

repository. 

Future Work 

The next generation of research needs to be on AR/VR integration, in which cloud rendering would allow 

immersive experiences on lightweight headsets. Equally, ownership models built on blockchain would 

enable solutions to the problem of digital rights management in cloud ecosystems, and metaverse integration 

would make cloud gaming a key element of the next generation of digital interaction. Finally, cloud gaming 

will succeed by balancing the development of the ecosystem with the technical feasibility, and not only will 

it be playable but sustainable in the long term to all stakeholders. 
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