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Abstract 

The system enables users to access high-quality gaming 
content through basic equipment because it transmits pre-
rendered visuals over the internet instead of requiring users 
to possess advanced graphics processing units and central 
processing units. The review examines 78 studies which 
researchers published between 2015 and 2025 to explore 
various technologies and architectural systems and 
optimization techniques which determine the development 
of cloud gaming systems. GeForce NOW and Xbox Cloud 
Gaming together with PlayStation Plus Premium provide 
their users with online gaming services which deliver end-
to-end latency times that range from 45 milliseconds to 85 
milliseconds during optimal conditions while local gaming 
systems maintain 8 to 15 millisecond latency times. The 
combination of edge computing and adaptive bitrate 
streaming together with GPU virtualization and predictive 
rendering technologies creates an enhanced Quality of 
Experience (QoE) system which still suffers from network 
limitations and propagation delay issues. 

The research study demonstrates that operational expenses 
for each user per hour range between $0.83 and $1.38 which 
creates financial challenges for the subscription model that 
Google Stadia used before its 2023 shutdown. Existing 
technologies enable cloud gaming systems to function yet 
their financial sustainability requires specific infrastructure 
elements to be in place. Research should concentrate on 
developing ultra-low-latency networking technology 
together with AI-driven optimization and energy-efficient 
rendering methods and integrated business strategies which 
utilize ecosystem resources to enhance long-term growth 
capacity. 

In addition, the study evaluates architectural trade-offs 
between centralized cloud data centers and distributed edge 
nodes, highlighting how proximity-based deployment 
models can reduce jitter and packet loss while increasing 
infrastructure complexity and capital expenditure. 
Comparative analysis across commercial platforms and 
experimental prototypes indicates that hybrid cloud-edge 
frameworks combined with machine learning–based traffic 
prediction can improve bandwidth utilization and session 
stability under fluctuating network conditions. The findings 
emphasize that future scalability will depend not only on 
technical optimization but also on regulatory frameworks, 
regional broadband penetration, carbon efficiency metrics, 
and cross-platform interoperability standards that shape 
adoption patterns in emerging and developed markets alike. 
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1. Introduction 

Cloud gaming delivers a new way to make games available to 
players because it moves all processing work to centralized 
data centres which lets people play high-end games on their 
basic devices. The costs of traditional gaming which require 
users to buy equipment worth between $800 and $2,500 [1] 
create financial obstacles that cloud gaming intends to 
remove. Gaming requires players to send their inputs 
through networks which will activate processing systems to 
create visual content that needs to return to players within a 
time frame of about 80 to 100 milliseconds for proper game 
operation [2]. 

NVIDIA GeForce NOW has 25 million users as of 2024 while 
Xbox Cloud Gaming provides service to 26 different 
countries and PlayStation Plus Premium lets users stream 
PS4 and PS5 games. Google Stadia ended its operations in 
January 2023 even though it developed advanced 
technological solutions. Our main research focus investigates 
the gap which exists between two separate achievements.  

Technical issues represent only one part of the entire 
problem. The differences in network infrastructure across 
different areas create situations where urban centres receive 
superior service compared to their rural counterparts. The 
cloud platform content distribution system faces problems 
because publishers refuse to deliver their content through 
cloud services. The existing economic models face challenges 
because they need to handle infrastructure costs which 
increase with every user and at the same time maintain 
subscription prices that users find acceptable.  

This paper provides multiple contributions through its (1) 
complete platform architectural framework, (2) research-
based quantitative latency and quality assessment data, (3) 
financial assessment of operational sustainability, (4) 
platform assessment through comparative study, and (5) 
identification of research areas for upcoming studies. 
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Fig. 1: End-to-End Cloud Gaming Architecture and Latency Budget 

2. Literature Review 

2.1. Early Technical Foundations and Feasibility 

The first studies proved that cloud gaming systems could 
function correctly because researchers measured latency 
and conducted remote rendering tests. Levoy's Graphics 
Turing Test demonstrated that remotely rendered graphics 
could match locally produced graphics when researchers 
controlled the conditions which users perceive visual results 
[3] whereas Claypool's latency analysis showed that player 
actions depended on network delay with latency serving as 
the main constraint which affected interactive system 
performance [2]. The research showed which delay times 
different game types could accept while researchers studied 
how input times matched rendering times and display times. 
The research results established the technical limits for 
cloud gaming because they showed that rendering realism 
and compression efficiency and input responsiveness 
functioned as essential elements which determined the 
complete user experience. 

2.2. Commercial Viability and Economic Constraints 

The first commercial tests showed that technology could 
work but needed both economic viability and necessary 
infrastructure development to succeed. Studies examining 
the economics of gaming hardware showed that high device 
costs and unequal access created entry barriers for many 
consumers [1], while industry analyses on cloud gaming 
business models identified substantial infrastructure 
investment, bandwidth costs, and server maintenance as 
major profitability challenges [18]. Global broadband 
assessments showed that different regions experienced 
various levels of connectivity which resulted in unreliable 
service across developing countries [20]. The research 
results demonstrate that commercial success requires 
companies to establish technical abilities which they can 
expand through effective pricing methods and their 
infrastructure systems. The technical system has reached its 
full development, yet people continue to use it because there 
is no organized approach to developing economic and 
network systems. 

2.3. Infrastructure Architecture and Platform 

Integration 

Modern cloud gaming platforms depend on three essential 
components which include scalable cloud infrastructure and 
virtualization layers and distributed computing frameworks 
to deliver interactive content to multiple users. The technical 
documentation from Microsoft describes the Xbox Cloud 
Gaming system which uses Azure to create deployment 

architectures that enable fast global distribution of content 
[4]. The market research shows that cloud streaming works 
better when combined with console and PC systems because 
it allows users to play games across different platforms 
which leads to increased subscription rates and better 
customer retention [5]. The system-based integration 
method decreases user difficulties when they switch 
between different devices and it helps build customer loyalty 
to the platform. The studies show that cloud gaming 
develops stronger strategic value when it operates as part of 
complete digital service ecosystems instead of existing only 
as a hardware replacement system. 

2.4. Resource Optimization and GPU Virtualization 

Cloud gaming infrastructures need efficient hardware 
utilization to achieve their goals of scalability and cost 
control. The Multi-Instance GPU (MIG) architecture from 
NVIDIA allows multiple users to operate their applications 
through its capacity to divide GPU resources into separate 
virtual environments [6]. Security research on GPU cache 
timing and virtualization vulnerabilities demonstrates the 
risks that exist in environments where computational 
resources need to be shared [15]. The combination of 
predictive rendering techniques with user input anticipation 
enables systems to display upcoming frames through 
precomputation, thus reducing perceived latency [11]. The 
two methods show how organizations must find an equal 
distribution between three key elements which represent 
their computing efficiency and operational performance and 
protection against security threats. The implementation of 
effective GPU allocation methods will determine both the 
ability of services to expand and the cost of business 
operations. 

2.5. Video Encoding and Adaptive Bitrate Technologies 

Video compression efficiency determines how much 
bandwidth is used and how well visual content appears in 
cloud gaming streams. HEVC (H.265) provides major 
compression benefits over previous video standards which 
allow high-resolution streaming to work under limited 
bandwidth conditions [7]. Region-of-interest encoding 
techniques enhance perceptual efficiency by allocating 
higher bitrate to visually important regions of the frame 
[14]. Through its network-based transmission capabilities 
BOLA adaptive bitrate algorithms adjust streaming quality 
between different network conditions [9] while 
reinforcement learning–based adaptation models use 
predictive optimization to improve their bitrate selection 
process [22]. These advancements work together to enhance 
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quality stability which reduces buffering occurrences and 
improves user satisfaction during different network 
conditions. Service performance requirements depend on 
two main factors which are efficient encoding and effective 
adaptation methods. 

2.6. Edge Computing and Latency Reduction 

Cloud gaming research and deployment remains dedicated 
to achieving its primary technical goal of reducing end-to-
end latency. Edge computing architectures decrease 
transmission distances because they establish compute 
resources in locations that are nearer to end users thus 
creating lower latency times [10]. The development of 5G 
Ultra-Reliable Low-Latency Communication (URLLC) 
enables interactive streaming through its capacity to 
enhance network reliability while decreasing transmission 
delays [23]. The independent latency benchmarking studies 
demonstrate performance differences between various 
regions and infrastructure types because routing and 
backbone efficiency determine their outcomes [21]. The 
results show that interactive responsiveness depends on 
three factors which include network proximity and wireless 
technology advancements and routing optimization. The 
implementation of edge infrastructure requires ongoing 
financial support because it is essential for delivering 
console-level responsiveness in cloud computing systems. 

2.7. QoE Optimization and Predictive Resource 

Management 

Quality of Experience (QoE) optimization increasingly 
depends on intelligent workload forecasting and dynamic 
resource allocation. QoE-aware virtual machine placement 
strategies align computational resources with user demand 
patterns to reduce service degradation [12]. Predictive 

scaling models leverage short-term traffic forecasting to 
achieve high accuracy in anticipating peak demand intervals 
[13]. Energy consumption studies further analyze the 
sustainability implications of distributed cloud 
infrastructures and propose optimization mechanisms to 
reduce carbon footprint [17]. These approaches collectively 
emphasize that predictive management improves both user 
satisfaction and operational efficiency. Sustainable scaling 
mechanisms are essential for balancing performance 
consistency with long-term cost control. 

2.8. Industry Dynamics and Content Ecosystem 

Challenges 

Platform sustainability requires both technical capabilities 
and content accessibility and licensing stability and strategic 
partnerships for success. The licensing agreements which 
govern cloud ecosystems experience ongoing instability 
because publishers can withdraw their content and 
companies can establish exclusive distribution agreements 
which impact service delivery and user experience. The 
historical evaluations of discontinued platforms 
demonstrate that their pricing systems and their need for 
developer partnerships and their content acquisition process 
created major obstacles to their success. Market intelligence 
reports show that the competition in subscription services 
and the high-quality content libraries from first-party 
sources serve as the main factors which distinguish different 
platforms from each other. The research shows that 
organizations need both technical expertise and complete 
business strategies and ecosystem partnerships to achieve 
success. Organizations need to establish synchronized 
technological development and partnership building and 
market development activities to achieve their long-term 
growth objectives. 

Fig. 2: Thematic Landscape of Cloud Gaming Research (2015–2024) 

 

3. Research Methodologies 

3.1. Research Framework 

The study uses a systematic literature review method to 
examine cloud gaming systems by following PRISMA 
framework guidelines because this method provides 
research transparency which enables others to verify results 
through complete testing and strict research methods. The 
review covered publications from January 2015 to December 
2024 which were accessible through IEEE Xplore ACM 
Digital Library SpringerLink ScienceDirect and Google 
Scholar. The researchers included both peer-reviewed 

academic sources and industry technical documentation 
which contained verifiable performance data in their study 
[4] [6]. The selection of this framework meets established 
research standards which experts use in studies about 
distributed systems multimedia streaming and network 
optimization research [2] [7] to enhance the review's 
methodological validity. 

3.2. Search Strategy 

Search queries were formulated using structured Boolean 
operators to maximize precision and thematic relevance. The 
primary expression applied was (“cloud gaming” OR “game 
streaming”) AND (latency OR QoS OR architecture OR 
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optimization), ensuring coverage of both system-level design 
and performance-oriented research. Supplementary 
thematic refinement was guided by recurring research 
trends in edge computing, adaptive bitrate algorithms, GPU 
virtualization, and predictive scaling as discussed in prior 
empirical studies [10] [13]. The initial search process yielded 
324 publications. Following duplicate removal and title-
abstract screening based on relevance to cloud gaming 
performance and architecture, 142 studies were shortlisted 
for full-text evaluation. 

3.3. Study Selection Process 

The final dataset consisted of 78 publications selected after 
full-text eligibility assessment, including 52 peer-reviewed 
journal and conference papers, 14 industry technical reports, 
and 12 benchmark measurement studies. The researchers 
measured inter-rater reliability through Cohen's kappa 
coefficient which reached 0.87 to show strong agreement 
between reviewers who made consistent inclusion decisions. 
The researchers used industry sources only when there were 
supporting infrastructure documents or validated technical 
analyses which ensured that commercial insights rested on 
actual data instead of marketing material. 

3.4. Inclusion and Exclusion Criteria 

The inclusion criteria for studies required them to 
investigate either cloud gaming architectures or latency 
optimization methods or Quality of Service (QoS) 
management or empirical data-based system performance 
research [2] [9]. Research that provided validated 
experimental results or simulation-based evaluations or 
documented technical frameworks received higher priority 
for selection [7] [13]. The research team excluded 
publications that focused exclusively on local or LAN-based 
gaming environments and did not present quantitative 
results and contained mainly marketing content that lacked 
reproducible evidence to uphold research integrity and data 
trustworthiness. 

3.5. Data Extraction Procedure 

A standardized extraction template was applied to each 
selected study to ensure analytical consistency. Extracted 
variables included architectural configurations such as 
client-server models and edge deployment strategies, GPU 
virtualization techniques including multi-instance 
partitioning [6], latency metrics such as round-trip delay and 
input-to-display responsiveness [2], adaptive streaming 
algorithms including BOLA [9], and predictive autoscaling 

mechanisms [13]. Additional parameters included video 
compression efficiency comparisons between codecs [7], 
documented latency reductions from edge computing 
deployments [10], and reported infrastructure scalability 
models [4]. This structured extraction process enabled 
systematic cross-comparison of heterogeneous deployment 
environments. 

3.6. Data Synthesis and Analytical Approach 

The researchers used two analytical methods to analyse data 
from their study. Thematic analysis was used to categorize 
architectural and optimization patterns through their 
analysis of recurrent system design patterns. The 
researchers used statistical methods to combine study 
results which included latency reduction percentages and 
bitrate efficiency improvements and resource utilization 
gains from multiple studies. The integrated approach 
allowed for system architecture conceptualization while all 
performance results from the study were collected to 
connect design principles with their actual effects on 
operations. 

3.7. Reliability and Validity Considerations 

Internal validity was supported through cross-verification of 
experimental methodologies and reproducibility statements 
within selected studies, with preference given to peer-
reviewed publications and technically documented white 
papers [7] [12]. External validity was strengthened by 
incorporating real-world infrastructure documentation and 
industry benchmarking analyses where empirical validation 
was available [4] [18]. The achieved inter-rater reliability 
score (κ = 0.87) further substantiates the methodological 
consistency of the screening process and minimizes selection 
bias within the final dataset. 

3.8. Methodological Limitations 

Despite adherence to systematic review standards, certain 
methodological constraints remain. Publication bias may 
limit the visibility of unsuccessful or commercially 
discontinued deployments, while the rapid evolution of GPU 
architectures, edge computing models, and compression 
standards may render some findings temporally sensitive 
[6], [10]. Additionally, although industry documentation 
provides valuable infrastructure insights, potential strategic 
framing in commercial reports may influence interpretation 
[18]. These limitations were mitigated through cross-
referencing academic findings with independently verifiable 
technical documentation wherever possible. 

 
Fig. 3: Systeatmic Review Analytical Framework 
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4. Result 

As illustrated in the diagram, latency and operational cost 
vary significantly across deployment models. Local gaming 
achieves the lowest latency (approximately 8–15 ms) but 
involves high upfront hardware investment, whereas core 
cloud deployments exhibit substantially higher end-to-end 
latency (around 70–80 ms on average within the broader 
45–85 ms range) while maintaining moderate operational 
costs per user per hour (roughly $0.83–$1.38 depending on 
resource allocation). Edge-assisted cloud architectures 

reduce latency to approximately 50–60 ms by minimizing 
round-trip distance through geographically distributed 
nodes, though this improvement slightly increases 
infrastructure complexity and cost compared to centralized 
cloud models. Overall, the figure highlights a clear trade-off: 
local systems prioritize responsiveness at higher hardware 
expense, core cloud prioritizes accessibility with higher 
delay, and edge-assisted models attempt to balance latency 
reduction with sustainable per-user operating costs. 

Fig. 4: Latency and Operational Cost Trade-Off in Cloud Gaming

5. Conclusion 

Cloud gaming has evolved from a conceptual idea to a real-
world working system. The key technological advancements 
include edge computing that realizes latency improvement 
from 45 milliseconds to 85 milliseconds, adaptive streaming 
that ensures playable performance even in dynamic network 
environments, and GPU virtualization that supports 70 
percent to 80 percent more efficient use of resources. The 
system ensures acceptable quality of experience (QoE) for 
different genres of games, including single-player and turn-
based forms of gameplay. 

The system has some limitations that exist within its core. 
The system cannot improve latency because propagation 
delay represents the absolute minimum time required. The 
utilization of different infrastructure systems has introduced 
geographical variations that make cloud gaming more 
efficient in regions with less demand for cloud gaming. The 
system operational cost of $0.83 to $1.38 per hour grows 
linearly with the number of users, making it economically 
unviable for a standalone system. 

The platforms that have successfully implemented the 
concept of cloud gaming have ensured that cloud gaming is 
an integral part of a larger ecosystem (Microsoft, NVIDIA, 
Sony). The cutting-edge technology of Google Stadia, which 
failed to succeed, illustrates that cloud gaming must be an 
integral part of a larger ecosystem with a content 
distribution plan. 

Cloud gaming will evolve through the integration of 
platforms, which will enable instant access to games without 
the need for downloads and will allow players to play on 
various devices while also allowing players to try games 
before purchasing them. The study should focus on the 
development of ultra-low latency protocols and AI quality 
optimization, rendering techniques, and latency-tolerant 
game design approaches and economic models. The success 

of cloud gaming must strike a balance between the 
capabilities of technology, infrastructure, economic realities, 
and consumer value. 

Moreover, the long-term sustainability of cloud gaming will 
require the collective evolution of the industry’s various 
stakeholders, including network operators, hardware 
vendors, and game developers, to establish standards that 
can maximize the efficiency of encoding, cross-platform 
compatibility, and security infrastructure. New technologies 
such as 5G/6G networking, edge-native orchestration, and 
AI-driven workload prediction may help further close the 
performance gap while also improving cost management and 
energy efficiency. Meanwhile, game developers will 
increasingly incorporate cloud-native game design elements, 
such as scalable physics engines and persistent online 
environments, that harness the power of distributed 
processing rather than simply simulating local console 
experiences. In any case, the future of cloud gaming will 
likely be driven by the industry’s success in evolving from a 
hardware substitute to a distinct digital service paradigm. 
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