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NETWORKING CHALLENGES AND PPORTUNITIES FOR MULTI-USER XR AND THE METAVERSE
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mmersive technologies, such as virtual, augmented, and mixed

reality (VR, AR, and MR), which are often referred to as a

universal term - extended reality (XR), have enabled numerous
appealing applications in education, training, entertainment,
healthcare, etc. While recent research on immersive computing
and communication has focused mainly on improving the qual-
ity of experience for single-user scenarios, the emerging appli-
cations enabled by XR, especially the burgeoning Metaverse,
naturally involve multiple geographically distributed users.

Although there is still no commonly agreed definition, a narrow
illustration of the Metaverse is a utopian convergence of various
virtual environments, by connecting them via the Internet to facili-
tate social interaction among users. Thus, social VR platforms, such
as Meta’s Horizon Worlds and Microsoft’s AltspaceVR, have been
deemed as the early prototypes of the Metaverse. Besides social VR,
the industry has been heavily investing in multi-user XR/Metaverse
for creating novel hardware, software, and content. For example,
the Metaverse Standards Forum was formed in 2022 with members
including tech giants such as Google, Meta, Microsoft, and Nvidia.
Other existing standards organizations such as the World Wide Web
Consortium (W3C) and the European Telecommunications Stan-
dards Institute (ETSI) have created working groups for XR.

However, there is still limited research on understanding the
technical challenges and opportunities for boosting the perfor-
mance of multi-user XR and the Metaverse by leveraging recent
advances in deep learning, edge computing, 5G, etc. For exam-
ple, there is no software framework with commonly used building
blocks for designing and implementing multi-user XR systems, and
there is a lack of widely acceptable tools, datasets, and testbeds
for building and evaluating multi-user XR applications.

Moreover, given its interdisciplinary nature, XR has been
extensively investigated in computer graphics, computer vision,
and human-computer interaction communities. Nonetheless,
multi-user XR and the Metaverse put more strain on the under-
lying networks to deliver high-quality immersive content in real
time and guarantee a satisfactory user experience, which is still
underexplored in the networking community.
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This Special Issue (SI) is motivated by the above-mentioned
issues, and its goal is to bring together researchers, engineers,
practitioners, mobile device manufacturers, use case owners,
content creators, and policymakers from academia, industry,
and government to discuss the latest research and identify future
opportunities for multi-user XR and the Metaverse. To inspire
more fundamental research for this promising field, we seek
high-quality original research, novel developments that promote
innovations, or review articles to advance multi-user XR and the
Metaverse. The submission should be comprehensible to all
readers of the magazine regardless of their specialty.

We received 16 high-quality submissions, of which five arti-
cles were eventually accepted after a rigorous review process.
These articles cover several different aspects of multi-user XR
and the Metaverse. In the first article, “Design Frameworks for
Hyper-Connected Social XRI Immersive Metaverse Environ-
ments,” the authors from OCAD University present the concept
and design of a social XR-loT (XRI) framework in the Metaverse,
which enables social interaction between the physical and vir-
tual worlds. They consider the Metaverse as a hyper-connected
meta-environment for multiple users and propose a design archi-
tecture for multi-user social interactions.

The article, “Standardization of Extended Reality (XR) over
5G and 5G-Advanced 3GPP New Radio,” discusses integrating
support for XR into the 3GPP new radio standard. After pre-
senting a classification of XR use cases in three meta-categories,
the authors discuss the 3GPP traffic models and KPIs for the
selected XR services. The article follows with a simulation of XR
services over the latest 3GPP NR standard (release 17), which
finally leads the authors to propose recommendations towards
future 5G standards and beyond.

In the next article, “Towards 6G-based Metaverse: Supporting
Highly-Dynamic Deterministic Multi-User Extended Reality Ser-
vices,” the authors from Oulu University, Futurewei Technolo-
gies, and Sejong University focus on the challenges of satisfying
quality of experience/quality of service (QoE/QoS) of multiple
users simultaneously. They present a comprehensive system
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and component design for immersive and seamless multi-user
XR experiences, integrated with an Al-powered deterministic
multi-user extended reality orchestrator for the deterministic ser-
vice provisioning of multi-user XR applications.

The fourth article, “Look-Ahead Task Offloading for Multi-Us-
er Mobile Augmented Reality in Edge-Cloud Computing,” inves-
tigates the migration overhead and scalability of task offloading
for augmented reality in a multi-user setting of an edge-cloud
collaborative computing system. It first analyzes the task interde-
pendency of multi-user AR services and models it with directed
acyclic graphs. It then presents a task-offloading scheme that
benefits from a modified Monte Carlo tree search for estimating
the long-term effect of immediate action. Finally, it evaluates the
effectiveness of the proposed scheme and compares it with four
benchmarks.

In the last article, “FikoRE: 5G and Beyond RAN Emulator for
Application Level Experimentation and Prototyping,” the authors
from Nokia XR Lab and Universidad Carlos Ill de Madrid present
an open-source real-time emulator for radio access networks,
named FikoRE, with the goal of boosting the development of
novel use cases for XR and the Metaverse. FikoRE allows multi-
disciplinary users to handle actual real-time IP traffic over 1 Gbps
from multiple sources, which is typically needed for evaluating
the performance of multi-user XR applications.

In conclusion, the articles presented in this special issue
demonstrate the networking challenges and opportunities for
multi-user XR and the Metaverse. We extend our gratitude to
the authors for sharing their pioneering research and to the
reviewers for their diligent contributions in delivering punctual
and enriching assessments that have notably elevated the arti-
cles’ quality. Moreover, our appreciation extends to Dr. Chong-
gang Wang, the Editor-in-Chief, and the dedicated IEEE Network
team for affording us this platform and offering invaluable assis-
tance throughout the production of this special issue. Ultimately,
we genuinely trust that readers will derive fascination and utility
from the articles featured in this special issue.
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