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	Abstract:
	This liaison statement invites organizations to provide further input to the development of the Metaverse Standardization Roadmap and, where not yet provided, to nominate representatives to the ITU-T Joint Coordination Activity on Metaverse Standardization (JCA-MV).



The ITU-T Joint Coordination Activity on Metaverse Standardization (JCA-MV) held its second meeting in Geneva, Switzerland, on 13 May 2026.
Participation in the JCA-MV is open to representatives of ITU Membership, including representatives of ITU-T Study Groups and TSAG. Invited experts, including representatives from relevant standards development organizations, academia, fora, and consortia are also welcome to participate. Participation is particularly encouraged from small and medium enterprises (SMEs) and vertical industries involved in metaverse development to ensure broad representation in the standardization process.
JCA-MV is currently developing, maintaining and updating the Metaverse Standardization Roadmap, taking into account ongoing and published deliverables from ITU and other relevant SDOs, fora, and consortia. Following discussions at the second meeting of JCA-MV, your organization is kindly invited to provide further input to the roadmap using the template provided in Annex 1 which to be added to Clause 7 of the roadmap. Organizations are also invited to share suggestions on appropriate structure and content of Clause 8 of the roadmap which is intended to be future-oriented for standardization work on metaverse to highlight standardization pathways.
Organizations or study groups that have not yet nominated a liaison representative to JCA-MV are kindly invited to provide the name and contact information of their representative to the JCA-MV Secretariat (tsbjcamv@itu.int). Organizations and study groups that have already nominated representatives are encouraged to continue their active participation in the work of JCA-MV.
The planned dates for the next meetings of JCA-MV are as follows:
· 5 August 2026, 12:00-15:00 Geneva time, Virtual
· 2 December 2026, 12:00-15:00 Geneva time, Virtual
Further information about the JCA-MV, including its Terms of Reference, is available at: https://www.itu.int/en/ITU-T/jca/mv/Pages/default.aspx.   
We look forward to your active participation and valuable contributions to this work.
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Annex 3: Current draft roadmap document, which reflects the information provided through incoming liaison statements
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Annex 1: Template for Inputs to the Metaverse Standardization Roadmap
The following table provides a reference format, with examples, to share information on metaverse-related standardization activities undertaken by each organization. The information on ongoing and published work among standards development organizations and related entities will be included in the Metaverse Standardization Roadmap. The example below illustrates how the template can be completed.
Table – Example format for sharing information on metaverse-related standardization activities
	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	ITU-T SG21
	H.MV-FRADAI
	Draft Recommendation
	Functional requirements and architecture for digital asset interoperability
	Under development
	Interoperability
	Defines functions and architecture for asset transfer, exchange, and synchronization.

	ISO/IEC JTC 1
	ISO/IEC 18026
	Standard
	Spatial Reference Model
	Published
	Enabling technology
	Provides a geospatial reference framework for 3D/VR integration.

	IEEE
	IEEE P7016
	Draft Standard
	Ethically aligned design for XR/Metaverse
	Under development
	General
	Provides ethical guidance for metaverse-based systems.

	W3C
	WebXR API
	Standard
	WebXR Device API
	Published
	Enabling technology, Interoperability
	API for web-based immersive technologies.

	3GPP SA1
	TR 22.87x
	Technical Report
	6G service requirements for metaverse use cases
	Under development
	Application/Service
	Identifies service-level requirements for immersive metaverse applications.

	ETSI ISG MEC
	MEC Spec.
	Technical Specification
	Multi-access Edge Computing for XR/Metaverse
	Published
	Infrastructure
	Specifies edge computing capabilities to support low-latency immersive services.

	
	
	
	
	
	
	



Note – Categories include: General, Application/Service, Enabling Technology, and Interoperability & Infrastructure. 
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Note – The classification of metaverse standards described in FGMV-51 applies to this template and will be further discussed within the JCA-MV.
Annex 2: Report of the second meeting of the JCA-MV
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[bookmark: _Toc229588677]1        Executive Summary		
The second meeting of the Joint Coordination Activity on Metaverse Standardization (JCA-MV) was held in Geneva, with remote participation, on 13 May, 8:30-10:30 CEST, in conjunction with the meeting of ITU-T Study Group 20 (Geneva, 12–21 May 2026).

The meeting was chaired by the JCA-MV Co-Chairs, Mr Muath AlRumayh (CST, Kingdom of Saudi Arabia) and Mr Shin-Gak Kang (ETRI, Republic of Korea), with the support of Ms Yining Zhao (Project Officer) and Chiara Co (Administrative Assistant). Approximately 75 participants joined the meeting, both on-site and remotely.    
 
Key agreed outcomes and actions included:
· Review of incoming liaison statements and updates from ITU-T Study Groups, Standards Development Organizations (SDOs), and forums related to metaverse standardization activities;
· Review and discussion of the draft Metaverse Standardization Roadmap and the related contributions;
· 
· Invitation to all participants to submit contributions related to SDOs developing standards on metaverse (clause 7 of the roadmap) and suggestions on appropriate structure and content of Gap analysis / Standardization matrix (clause 8 of the roadmap) which should be future-oriented standardization work on metaverse
· Exploration of ways to enhance the roadmap by leveraging similar efforts within ITU Telecommunication Standardization Sector (ITU-T), including the use of electronic tools to facilitate navigation of the roadmap;
· Invitation to all participants to nominate additional volunteers to serve as the editors of the Metaverse Standards Roadmap;
· Encouragement for closer collaboration and liaison activities among ITU-T Study Groups, external SDOs, forums, and industry stakeholders;
· Updates on the 3rd UN Virtual Worlds Day, the 2nd Citiverse Assembly, and the Global Initiative on AI and Virtual Worlds – Discovering the Citiverse;
· Agreement to prepare and circulate an outgoing liaison statement requesting further engagement and input to the Metaverse Standardization Roadmap and nomination of liaison representatives from other ITU Study Groups and relevant SDOs.
[bookmark: _Toc211339049][bookmark: _Toc229588678]2        Opening of the meeting
The meeting was opened by the Co-Chairs, Mr Muath AlRumayh and Mr Shin-Gak Kang, at 8:30 Geneva time. They welcomed all participants attending in person and remotely, and encouraged close collaboration and active engagement through the work of JCA-MV. The Co-Chairs also reviewed  the Terms of Reference of JCA-MV, in particular its objectives and scope of activities. 
[bookmark: _Toc211339050][bookmark: _Toc229588679]3        Approval of the agenda
The draft agenda, as contained in JCA-MV-Doc-021-R2, was presented and approved without modification.
[bookmark: _Toc229588680][bookmark: _Toc211339051]4        Documentation for the meeting 	
The documents for this meeting are available at: https://www.itu.int/ifa/t/sftp/jcamv/2605/, and were noted by the meeting. 
[bookmark: _Toc211339052][bookmark: _Toc229588681]5        Report of the 1st JCA-MV meeting (Geneva, 9 October 2025)
The report of the 1st JCA-MV meeting (Geneva, 9 October 2025), as contained in JCA-MV-O-001, was presented and noted. 
[bookmark: _Toc229588682]6        Review of the results of the TSAG meeting (Geneva, 26-30 January 2026)
The report of the meeting of WP2/TSAG “Work Programme, restructuring and thematic Resolutions” (Geneva, 26-30 January 2026), as contained in JCA-MV-Doc-037, in particular the parts related to JCA activities, was presented and noted. In particular, it was noted that JCA-MV was endorsed to continue until the end of the two years lifetime and no later than the end of 2028. 
[bookmark: _Toc211339054][bookmark: _Toc229588683]7        Incoming liaison statements
7.1        LS/i/r on the draft Recommendation ITU-T Y.MetaExpSys “Requirements of Metaverse Experience System for Tourist Places” (reply to SG20-LS48) [From ITU-T SG21]
LS/i/r on the draft Recommendation ITU-T Y.MetaExpSys “Requirements of Metaverse Experience System for Tourist Places” (reply to SG20-LS48) [from ITU-T SG21], as contained in JCA-MV-Doc-022, was presented and noted. In particular, a joint project was proposed for the development of Recommendation Y.MetaExpSys. The Q2/20 Rapporteur invited SG21 experts to actively participate in the discussions of Q2/20 taking place during the SG20 meeting from 12–21 May 2026. SG20 experts were also invited to actively participate in the upcoming Q3/21 meetings. The JCA-MV Co-Chairs encouraged continued communication between the relevant Rapporteurs and active participation in respective rapporteur group meetings on this matter. 
7.2        LS/i on initiation of new work item ITU-T HSTP.IMV-CS “Case Studies and Best Practices for Industrial Metaverse” [from ITU-T SG21]
LS/i on initiation of new work item ITU-T HSTP.IMV-CS “Case Studies and Best Practices for Industrial Metaverse” [from ITU-T SG21], as contained in JCA-MV-Doc-026, was presented and noted. 
7.3        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide the Metaverse Standardization Activities in SG17 (reply to JCA-MV-LS1) [from ITU-T SG17]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide the Metaverse Standardization Activities in SG17 (reply to JCA-MV-LS1) [from ITU-T SG17], as contained in JCA-MV-Doc-023, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038. 
7.4        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV (reply to JCA-MV-LS1) [from ETSI ISG ARF]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV (reply to JCA-MV-LS1) [from ETSI ISG ARF], as contained in JCA-MV-Doc-024, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.
7.5        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap in Q9/21 aspect (reply to JCA-MV-LS1) [from ITU-T SG21] 
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap in Q9/21 aspect (reply to JCA-MV-LS1) [from ITU-T SG21], as contained in JCA-MV-Doc-027, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.

7.6        LS/i/r on input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-T SG13]
LS/i/r on input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-T SG13], as contained in JCA-MV-Doc-028, was presented and noted. The information on ITU-T Y.trust-MVInf-fr, “Framework of a trustworthy metaverse infrastructure”, has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. It was agreed to send an outgoing liaison statement to SG13 inviting the nomination of liaison representatives to JCA-MV and requesting any additional input to the draft Metaverse Standardization Roadmap.
7.7        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from Broadband Forum]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from Broadband Forum], as contained in JCA-MV-Doc-029, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.
7.8        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-D SG 1]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-D SG 1], as contained in JCA-MV-Doc-030, was presented and noted. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038. The JCA-MV Co-Chairs also encouraged ITU-D SG1 to provide additional input to JCA-MV on its ongoing work, when available. 
7.9        LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-T Study Group 11]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ITU-T Study Group 11], as contained in JCA-MV-Doc-031, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.
7.10      LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ISO/IEC JTC 1/SC 6]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from ISO/IEC JTC1/SC6], as contained in JCA-MV-Doc-032, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.
7.11      LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from APT ASTAP]
LS/i/r on Invitation to Nominate Representatives to ITU-T JCA-MV and Provide Input to the Metaverse Standardization Roadmap (reply to JCA-MV-LS1) [from APT ASTAP], as contained in JCA-MV-Doc-035, was presented and noted. The input on metaverse standardization activities has been incorporated into the draft Metaverse Standardization Roadmap, as contained in JCA-MV-Doc-036. Information on liaison representatives to JCA-MV has also been included in the List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038.
[bookmark: _Toc211339055][bookmark: _Toc229588684]8        Review of standardization efforts in ITU-T Study Groups, other SDOs and Forums
8.1        ETSI ISG ARF Overview
ETSI ISG ARF Overview, as contained in JCA-MV-Doc-025, was presented remotely by Mr Jérémy Lacoche, ETSI ISG ARF Chair. 

The presentation introduced ETSI ISG ARF’s work on interoperability for augmented reality systems and services through a modular functional reference architecture covering key functions. It highlighted published deliverables on AR standards, industrial use cases, interoperability requirements and open APIs, as well as ongoing work on virtual worlds standards landscape and recommendations. The presentation also noted ARF’s implementation-driven and open-source approach, and its relevance to digital twins, virtual worlds and interoperable spatial computing environments.

The JCA-MV Co-Chairs thanked ETSI ISG ARF for the information provided and encouraged continued collaboration with JCA-MV.
8.2        Information on Virtual Worlds Interoperability and Standards Status and Opportunities (ViWISSO) project
Information on Virtual Worlds Interoperability and Standards Status and Opportunities (ViWISSO) project, as contained in JCA-MV-Doc-034, was presented by Dr Christoph Runde, Managing Director of Virtual Dimension Center (VDC). 

The presentation introduced the ViWISSO project and its assessment of the global virtual worlds standards landscape, highlighting challenges related to fragmentation, coordination and standards adoption across the XR and virtual worlds ecosystem. It also outlined recommendations to strengthen interoperability, standards implementation and stakeholder coordination, and introduced the VDC XR and Metaverse Standards Register which contains a range of standards.

JCA-MV Co-Chairs thanked the Virtual Dimension Center for providing the information. It was agreed to include the information available in the VDC XR and Metaverse Standards Register in the JCA-MV Metaverse Standardization Roadmap, and to include information from the Metaverse Standardization Roadmap in the VDC XR and Metaverse Standards Register, as part of a two-way exchange of information. 
[bookmark: _Toc229588685]9        Update on the 3rd UN Virtual Worlds Day, 2nd Citivese Assembly, and the Global Initiative on AI and Virtual Worlds – Discovering the Citiverse
An update on the 3rd UN Virtual Worlds Day, the 2nd Citiverse Assembly, and the Global Initiative on AI and Virtual Worlds – Discovering the Citiverse was presented by the Secretariat and noted by the meeting. 
· The 3rd UN Virtual Worlds Day, co-organized by ITU together with 20 UN entities, took place on 11-12 May 2026 at ITU Headquarters in Geneva, Switzerland. The event concluded with two major outcomes: the launch of the Executive Briefing on “AI, Spatial Intelligence and the AI-Enabled Citiverse”, developed with the contributions from 20 UN entities; and the endorsement of the Call to Action for Humanity: Shaping the Future of Cities in the Age of AI and Citiverse. More information is available at: https://www.itu.int/un-virtual-worlds-day/2026/. 
· The 2nd Citiverse Assembly, co-organized by the ITU, European Commission, UNICC and OASC, took place on 12 May 2026, following the 3rd UN Virtual Worlds Day. An Outcome Document on Global Standards for the AI-Enabled Citiverse was adopted during the closing ceremony of the 2nd Citiverse Assembly. More information is available at: https://www.itu.int/metaverse/virtual-worlds/2nd-citiverse-assembly/. 
· The Global Initiative on AI and Virtual Worlds – Discovering the Citiverse is a global multistakeholder platform launched by the International Telecommunication Union (ITU), the United Nations International Computing Centre (UNICC), and Digital Dubai, and supported by more than 70 international partners. The Initiative aims to advance the AI-enabled citiverse where AI, spatial intelligence and digital twins converge to deliver real-world impact. More information is available at: https://www.itu.int/metaverse/virtual-worlds/. 
[bookmark: _Toc211339056][bookmark: _Toc229588686]10        Review of input documents for JCA-MV meeting
The following Contribution and input document related to the draft Metaverse Standardization Roadmap were presented and discussed:
· JCA-MV-Doc-033: Proposal to Refine the Metaverse Standardization Roadmap into a Metaverse Standardization Landscape in JCA-MV [from ETRI]
· JCA-MV-Doc-036: Editor’s proposal of a consolidated metaverse standardization roadmap reflecting incoming liaison statements to JCA-MV  

Following the discussions and comments received, it was agreed to retain, at the current stage, the current title and structure of the draft deliverable, “Metaverse Standardization Roadmap”. It was discussed that the "Landscape" section would be further developed by actively referencing JCA-MV's own activities, information on relevant standardization status provided by other organizations, and the content of landscape documents previously developed by FG-MV. It was also agreed that the inclusion of suggestions and directions for future standardization work on metaverse would add value to the roadmap. 
The meeting also discussed ways to enhance the roadmap by leveraging similar efforts within ITU Telecommunication Standardization Sector (ITU-T), including the use of electronic tools to facilitate navigation of the roadmap. The meeting agreed to further explore such tools.
The JCA-MV Co-Chairs encouraged the editors:
· to further improve the structure of Clause 7, “SDOs developing standards on metaverse”, including by considering consistency with the template and reviewing the work of additional SDOs and organizations and further reviewing classifications of standards;
· to leverage the work of FG-MV, by building on related similar works done, in particular deliverables FG-MV 51 and FG-MV 52;
· to include standards referenced in the VDC XR and Metaverse Standards Register in the roadmap; and
· to further enhance Clause 8, “Gap analysis / Standardization matrix”, including the development of suggestions for future standardization work on metaverse.
It was agreed that the Co-chairs and Editors would update the roadmap document, taking into account the aforementioned discussions and comments, and circulate the updated version to JCA-MV mailing list to request additional Contributions to the future JCA-MV meetings.

The JCA-MV Co-Chairs also called all participants for: 
· contributions related to SDOs developing standards on metaverse (clause 7 of the roadmap) and suggestions on appropriate structure and content of Gap analysis / Standardization matrix (clause 8 of the roadmap) which should be future-oriented standardization work on metaverse; and
· additional volunteers to serve as the editors of the Metaverse Standards Roadmap.

In addition, the definition of metaverse was discussed. It was noted that two approved definitions of metaverse currently exist. The Co-Chairs indicated that this matter would be further discussed within the ITU Coordination Committee for Terminology (ITU-CCT), and encouraged efforts towards a harmonized and unified normative definition of metaverse.
[bookmark: _Toc229588687]11        Liaison representatives 
The List of Liaison Representatives to JCA-MV, as contained in JCA-MV-Doc-038, was noted. 
[bookmark: _Toc211339057][bookmark: _Toc229588688]12        Outgoing liaison statements
It was agreed to send an outgoing liaison statement requesting further input to the draft Metaverse Standardization Roadmap and inviting the nomination of liaison representatives from organizations that have not yet done so.  

It was further agreed that the draft outgoing liaison statement will be prepared after the meeting and circulated via the JCA-MV mailing list for review and approval. 
[bookmark: _Toc211339058][bookmark: _Toc229588689]13        Future meetings
The planned dates and times for the third and fourth JCA-MV meetings are as follows:
· 5 August 2026, 12:00-15:00 Geneva time, Virtual
· 2 December 2026, 12:00-15:00 Geneva time, Virtual
Further information will be made available on the JCA-MV website once confirmed. 
[bookmark: _Toc211339059][bookmark: _Toc229588690]14        Any other business
None. 
[bookmark: _Toc211339060][bookmark: _Toc229588691]15        Next Steps
The Co-Chairs summarized the next steps related to the Metaverse Standardization Roadmap and the discussion on the definition of metaverse. Further details are reflected in Clause 10 of this report. 
[bookmark: _Toc211339061][bookmark: _Toc229588692]16        Closure of the meeting	
[bookmark: _Toc404851246][bookmark: _Toc404851372][bookmark: _Toc404851433][bookmark: _Toc404851250][bookmark: _Toc404851376][bookmark: _Toc404851437]The meeting closed at 10:30 hours (Geneva time). The JCA-MV Co-Chairs kindly thanked all delegates for their attention and participation in the JCA-MV meeting and expressed appreciation to Ms Yining Zhao (JCA-MV Secretariat) for her support before and during the meeting. 




Annex 3: Current draft roadmap document, which reflects the information provided through incoming liaison statements
Metaverse standardization roadmap

Summary
This document provides the standardization roadmap for metaverse in the telecommunications and information and communication technologies area. This metaverse standardization roadmap has been developed to assist in the development of metaverse related standards in the Telecommunication/ICT fields by providing information about existing and under developing standards in the relevant standards development organizations (SDOs) and entities. 
The metaverse related standards includes citiverse standards.

Keywords
metaverse, citiverse, standardization roadmap
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This document provides the standardization roadmap for metaverse in the field of telecommunications/information and communication technologies (ICTs). It addresses the following subjects:
−	overview of metaverse from the perspective of standards development;
−	metaverse related activities in relevant standards development organizations (SDOs) and entities;
−	existing standards, and standards under study
−	SDOs and entities related to metaverse standardization.
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[FGMV-20]	ITU-T FGMV-20 (2024), Definition of metaverse.
[FGMV-51]	ITU-T FGMV-51 (2024), Standardization roadmap for metaverse.
[FGMV-52] 	ITU-T FGMV-52 (2024), Metaverse standardization landscape for gap analyses.
[bookmark: _Toc122428275][bookmark: _Toc124343229][bookmark: _Toc126820203][bookmark: _Toc229057232]Definitions
[bookmark: _Toc124343230][bookmark: _Toc126820204][bookmark: _Toc229057233]Terms defined elsewhere
This document uses the following terms defined elsewhere:
3.1.1	metaverse [FGMV-20]:  An integrative ecosystem of virtual worlds offering immersive experiences to users, that modify pre-existing and create new value from economic, environmental, social and cultural perspectives. 
NOTE – A metaverse can be virtual, augmented, representative of, or associated with the physical world.

[bookmark: _Toc124343231][bookmark: _Toc126820205][bookmark: _Toc229057234]Terms defined in this Document
None.
[bookmark: _Toc122428276][bookmark: _Toc124343232][bookmark: _Toc126820206][bookmark: _Toc229057235]Abbreviations and acronyms
This Document uses the following abbreviations and acronyms:
AI		Artificial Intelligence
API		Application Programming Interface
ICT		Information and Communication Technology
IEC		International Engineering Consortium
IEEE		Institute of Electrical and Electronics Engineers
ISO		International Organization for Standardization
JTC 1		Joint Technical Committee 1
SC		Subcommittee	
SCV		Standardization Committee for Vocabulary
SDO		Standards Development Organization
SG		Study Group
TC		Technical Committee
URI		Uniform Resource Identifier
W3C		World Wide Web Consortium
WG		Working Group
[bookmark: _Toc122428277][bookmark: _Toc124343233][bookmark: _Toc126820207][bookmark: _Toc229057236]Conventions
None. 
[bookmark: _Toc122428278][bookmark: _Toc124343234][bookmark: _Toc126820208][bookmark: _Toc229057237]Overview of metaverse standards development roadmap
This document provides lists of various metaverse related standardization works among SDOs and related entities, including forum, and classified into key ‘Topics’ for future reference in standard development associated with metaverse. The 'Topics' refer to relevant categories of subjects, as shown in Figure 1 , which is extracted from [FGMV-51], that are actively being standardized in relation to metaverse. The two perspectives of ‘Topics’ are provided that are ‘Types of standards’ and ‘Industrial domain’. A single standard work item can encompass various topics. 
[image: スクリーンショットの画面

AI によって生成されたコンテンツは間違っている可能性があります。]
[bookmark: _Toc229054545]Figure 1　- Metaverse standard categories [FGMV-51]
[bookmark: _Toc126820209][bookmark: _Toc122428279][bookmark: _Toc124343235][bookmark: _Toc229057238]SDOs developing standards on metaverse
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[Editor’s Note: The content of tables in this clause will be developed accordingly in the future JCA-MV meetings according to the template agreed by JCA-MV.]
[bookmark: _Toc229057239]ITU-T Standards
The following tables in 7.1.1 show the work items in ITU-T SGs. They include not only those under study but also those approved or agreed by ITU-T SGs. Orange markers show the work items approved or agreed, which are described briefly in 7.1.2.  

[bookmark: _Toc229057240]Work items in ITU-T SGs
-  General standards
	Study Group
	Q
	Work Item
	Title/Subject
	Timing
	Version
	Status

	SG12
	Q1/12
	GSTR-MVQ
	QoS and QoE standards related to the metaverse
	2026
	New
	Under study

	SG16
	Q26/16
	FSTP-ACC-MV-SUST
	Accessibility in a sustainable metaverse
	2024-04
	New
	Agreed

	SG17
	Q7/17
	X.AA-LLM
	Guidelines for Preventing and Mitigating Adversarial Attacks on LLMs in Metaverse and Digital Twin Environments
	2027-01
	New
	Under study

	SG17
	Q6/17
	X.sg-eimv
	Security guidelines for enabling integration of virtual and physical worlds of the metaverses in smart city
	2027-10
	New
	Under study

	SG17
	Q6/17
	X.stm-dpm
	Security for things across metaverses in aspects of data processing and management
	2027-01
	New
	Under study

	SG17
	Q6/17
	XSTR.cr-mv (ex TR.cr-mv)
	Technical Report: Cyber risks, threats, and harms in the metaverse
	2027-01
	New
	Under study

	SG17
	Q7/17
	XSTR.dpama (ex TR.dpama)
	Technical Report on " A Landscape analysis for data protection of avatars in metaverse applications"
	2025-12
	New
	Under study

	SG17
	Q6/17
	XSTR.trust-metaverse (ex TR.trust-metaverse)
	Technical Report: Technical challenges to achieving trustworthy metaverses
	2025-12
	New
	Under study

	SG20
	Q8/20
	Y.ACC-IoTMV
	Accessibility requirements for metaverse services supporting IoT
	2025-Q4
	New
	Under study

	SG21
	Q1/21
	F.ACC-MV-SD
	Requirements of accessible products and services in the metaverse- Part I System design perspective
	2026-01
	New
	Under study

	SG21
	Q1/21
	F.ACC-MV-UP
	Requirements of accessible products and services in the metaverse- Part II User perspective
	2026-01
	Rev.
	Under study

	SG21
	Q9/21
	FSTR.MV-MML
	Maturity levels for metaverse service and application
	12-2026
	New
	Under study




-  Application and service standards
	Study Group
	Q
	Work Item
	Title/Subject
	Timing
	Version
	Status

	SG20
	Q5/20
	Y.CIP
	Requirements of metaverse-based emergency response in chemical industrial parks
	2026-Q4
	New
	Under study

	SG20
	Q1/20
	Y.citiverse-ai-reqts
	Requirements for AI-enabled interoperability in citiverse
	2027-Q4
	New
	Under study

	SG20
	Q1/20
	Y.citiverse-reqts
	Requirements of citiverse platform for smart sustainable cities and communities
	2027-Q4
	New
	Under study

	SG20
	Q3/20
	Y.Fram-ssdp
	Requirements and framework of metaverse simulation service for disaster prevention in electric power facilities
	2026-Q4
	New
	Under study

	SG20
	Q8/20
	Y.Frwk-mwell
	Requirements and capability framework for IoT enabled well-being methods measurement through metaverse
	2026-Q3
	New
	Under study

	SG20
	Q8/20
	Y.IECC
	Framework and requirements of interactive emergency communication within citiverse
	2027-Q4
	New
	Under study

	SG20
	Q2/20
	Y.MetaExpSys
	Requirements of Metaverse Experience System for Tourist Places
	2026-Q4
	New
	Under study

	SG20
	Q2/20
	Y.MetaSklSys
	Requirements of Metaverse-powered skills Training System for renewable energy plant installations and monitoring
	2026-Q4
	New
	Under study

	SG20
	Q2/20
	Y.PM-FUSG
	Technical framework and use cases of the power metaverse for future urban smart grids
	2026-Q4
	New
	Under study

	SG21
	Q1/21
	HSTP-ACC-MV-INTERPR
	Guidelines and requirements on interpreting in the metaverse
	2026-Q3
	New
	Under study

	SG21
	Q5/21
	F.748.31 (ex. DHSMD)
	Technical requirements and evaluation methods of 3D digital human system based on smart mobile devices
	2024-Q4
	New
	Approved

	SG21
	Q5/21
	F.748.63 (ex F.DH-LM)
	Framework and general technical requirements of foundation model enhanced digital human system
	2025-Q4
	New
	Approved

	SG21
	Q5/21
	F.748.64 (ex F.DH-PE)
	Requirements of digital human service platform
	2025-Q4
	New
	Approved

	SG21
	Q5/21
	F.DHPIE
	Metrics and evaluation methods for the presentation and interactive effect of 3D digital human
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	F.LVR-CHS
	Requirements and reference framework for large-scale virtual reality system of cultural heritage sites
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	F.MRN-CHS
	Requirements and framework of mixed reality navigation system for cultural heritage sites
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	F.740.11 (ex F.CAR-reqs)
	Requirements and framework of cloud-based augmented reality systems
	2024-Q4
	New
	Approved

	SG21
	Q8/21
	H.CAR-FA
	Framework and functional requirement for cloud-based augmented reality systems
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.CVR-OP
	Functional requirements and framework for optimized processing services of cloud virtual reality systems
	2026-Q4
	New
	Under study

	SG21
	Q1/21
	J.1292 (ex J.STB-UHDVR)
	Functional requirements for cable set-top box supporting Ultra-High-Definition video and virtual reality services
	2024-Q4
	New
	Approved

	SG21
	Q1/21
	J.STB-UHDMUVR
	Functional requirements for cable Set-top Box supporting Ultra-High-Definition video and Multi-user Virtual Reality Services
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	F.740.9 (ex F.IPTV-VRSReqs)
	Requirements for enabling VR services based on IPTV architecture
	2026-Q4
	New
	Approved

	SG21
	Q4/21
	F.747.16 (ex F.3D-DDSReqs)
	Requirements for 3D machine vision-based surface defect detection service of industrial products
	2024-Q4
	New
	Approved

	SG21
	Q8/21
	H.ILE-3DIT
	Functional requirements and frameworks of 3D model-based immersive telepresence services
	2024-Q4
	New
	Under study

	SG21
	Q8/21
	F.3DCS-reqts
	Requirements and functional architecture for 3D collaborative design services
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.3DRS-PF
	Requirements and functional architecture of real-scene 3D reconstruction system for power facilities
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	FSTR.GM-CAP
	Guiding mechanisms for captioning/subtitling and sign language interpreting in immersive media
	2026-Q3
	New
	Under study

	SG21
	Q8/21
	H.ILE-AMR
	Framework of immersive live experience (ILE) using multiple autonomous multimedia-enhanced mobile robots
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.ILE-ISAC-req
	Requirements and framework of immersive live experience (ILE) services using integrated sensing and communication
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.ILE-PwD-req
	Requirements of Immersive Live Experience (ILE) services for persons with disabilities
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.ILE-QR
	Quality requirements and influencing factors for immersive live experience (ILE)
	2026-Q4
	New
	Under study

	SG21
	Q9/21
	HSTP.IMV-CS
	Case studies and best practices for industrial metaverse
	2026-Q3
	New
	Under study

	SG21
	Q8/21
	F.LVR-CHS
	Requirements and reference framework for large-scale virtual reality system of cultural heritage sites
	2026-Q4
	New
	Under study

	
	
	
	
	
	
	




-  Enabling technology standards
	Study Group
	Q
	Work Item
	Title/Subject
	Timing
	Version
	Status

	SG20
	Q1/20
	Y.4239 (ex. Y.dtmv-ref)
	Reference model for integrating virtual and physical worlds through digital twins in the metaverse
	2025-Q4
	New
	Approved

	SG20
	Q1/20
	Y.4238 (ex. Y.dtmv-reqts)
	Requirements for integrating virtual and physical worlds through digital twins in the metaverse
	2025-Q4
	New
	Approved

	SG20
	Q6/20
	Y.metaID
	Framework and requirements for identity visualization in and across metaverse
	2026-Q4
	New
	Under study

	SG21
	Q4/21
	F.FLDH
	Framework of human-machine interaction for developing intelligent digital humans
	2026-Q4
	New
	Under study

	SG21
	Q4/21
	F.748.54 (ex F.FDHC)
	Framework for digital human customization
	2026-Q2
	New
	Approved

	SG21
	Q9/21
	F.748.58 (ex F.CEMP-DHS)
	Requirements and architectures of multimedia platform for digital human services using edge cloud
	2025-Q3
	New
	Approved

	SG21
	Q3/21
	F.ARMSOR
	Technical requirements of object recognition for digital representation of cultural relics/artworks using augmented reality
	2025
	New
	Under study

	SG21
	Q8/21
	H.ILE-AR
	Requirements and framework of augmented reality for immersive live experience (ILE) services
	2026-Q4
	New
	Under study

	SG21
	Q1/21
	J.STB-UHDVR
	Software Architecture for Cable Set-Top Box Supporting Ultra High-Definition Video and Virtual Reality Services
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.ILE-3DINR
	Framework and requirements of 3D reconstruction systems based on implicit neural representation for immersive live experience (ILE) services
	2026-Q4
	New
	Under study

	
	
	
	
	
	
	




-  Interoperability and ICT related infrastructure standards

	Study Group
	Q
	Work Item
	Title/Subject
	Timing
	Version
	Status

	SG11
	Q8/11
	Q.FITSM
	Framework of interoperable telepresence suits for metaverse
	Q4-2027
	New
	Under study

	SG11
	Q8/11
	Q.SR-TSM
	Signalling requirements for interactions between telepresence suits and avatars in the metaverse
	Q4-2027
	New
	Under study

	SG13
	Q16/13
	Y.trust-MVInf-fr
	Framework of a trustworthy metaverse infrastructure
	2026-Q2
	New
	Under study

	SG20
	Q1/20
	Y.4240 (ex. Y.dtmv-if)
	Interoperability for integrating virtual and physical worlds through digital twins for the metaverse
	2025-Q4
	New
	Approved

	SG20
	Q6/20
	Y.4812 (ex Y.mv-iid)
	Interoperability of IoT devices' identity across metaverse platforms
	2025-01
	New
	Approved

	SG20
	Q3/20
	Y.IoT-MV
	Functional architecture of IoT for metaverse
	2025-Q4
	New
	Under study

	SG21
	Q9/21
	H.MV-FRADAI
	Functional requirements and architecture for digital asset interoperability in cross-platform metaverse
	2027
	New
	Under study

	SG21
	Q9/21
	H.MV-FRAVI
	Functional requirements and architecture for avatar interoperability in cross-platform metaverse
	2027
	New
	Under study

	SG21
	Q9/21
	H.MV-HIA
	High-level interoperability architecture for cross-platform metaverse
	2027
	New
	Under study

	SG21
	Q9/21
	H.MV-MAMA
	Multimedia aspect of metaverse architecture
	2026
	New
	Under study

	SG21
	Q9/21
	H.770.1 (ex H.MV-PIOP)
	Service scenarios and high-level requirements for metaverse cross-platform interoperability
	2025
	New
	Approved

	SG21
	Q5/21
	F.748.50 (ex F.DHAI)
	Framework and requirements of digital human access interfaces
	2025-Q1
	New
	Approved

	SG21
	Q1/21
	J.CLE-ARVR
	Terminology, Metrics and Functional requirements for Cognitive Load Estimation for Augmented and Virtual Reality (AR/VR) services
	2027-Q4
	New
	Under study

	SG21
	Q8/21
	F.GI-WD
	Framework and requirements of gesture interaction in virtual reality and augmented reality environment with wearable devices
	2026-Q4
	New
	Under study

	SG21
	Q9/21
	F.LVR-WSR
	Requirements and framework of wireless streaming for large-scale virtual reality
	2027
	New
	Under study

	SG21
	Q8/21
	H.CVR-IF
	Interfaces for interaction in cloud virtual reality systems
	2026-Q4
	New
	Under study

	SG21
	Q8/21
	H.LVR
	Requirements and reference framework for large-scale virtual reality system
	2026-Q4
	New
	Under study

	SG21
	Q1/21
	J.ACDN-MIS
	Accessibility Capability Discovery and Negotiation for Multimedia and Immersive Services
	2027-Q4
	New
	Under study

	SG21
	Q8/21
	H.430.9 (ex H.ILE-FT)
	An architectural framework for first-person transfer immersive live experience
	2026
	New
	Approved
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[bookmark: _Toc229057241]Standards approved or agreed in ITU-T SGs
F.748.50 (ex F.DHAI) Framework and requirements of digital human access interfaces
This Recommendation specifies the framework and technical requirements for the digital human access interfaces in real applications including session connection management, system initialization, digital asset parsing, personalized customization, AI capability invocation, body/facial driven interaction, rendering display and network transmission. This Recommendation can be used to guide relevant parties to implement and deploy digital human access systems in a standardized manner. A well-defined framework allows developers in the application layer to focus on creating user-facing features and use cases, while engineers working on the infrastructure layer can focus on optimize and improve the underlying technologies.

FSTP-ACC-MV-SUST Accessibility in a sustainable metaverse	
<TBD>

F.748.31 (ex. DHSMD): Technical requirements and evaluation methods of 3D digital human system based on smart mobile devices
This Recommendation develops the overall architecture, functional requirements and performance requirements of 3D digital human system based on smart mobile devices. The evaluation methods of some unique requirements for smart mobile devices application are also specified.

F.748.63 (ex F.DH-LM): Framework and general technical requirements of foundation model enhanced digital human system
This Recommendation specifies a framework and general technical requirements for foundation model enhanced digital human systems. It introduces a framework that integrates foundation model capabilities into digital human systems, covering modelling, rendering, driving, and interaction processes. The Recommendation describes typical application scenarios of foundation models across different phases of digital human systems and specifies technical requirements for the modelling, driving, and interaction phases to ensure enhanced intelligence, safety, and reliability.

F.748.64 (ex F.DH-PE): Requirements of digital human service platform
Digital human service platforms can provide services for development, deployment, operation, and maintenance of digital humans. This Recommendation aims to offer an overview and specify general requirements and functional requirements for digital human service platform to support the development and selection of these platforms.

F.740.11 (ex F.CAR-reqs): Requirements and framework of cloud-based augmented reality systems
Based on the cloud computing capabilities and massive data collaborative processing, the cloud-based augmented reality systems can effectively support large-scale physical scene recognition and digital processing, provide more flexible virtual scene integration, and support multi-person interactive scenarios. This Recommendation doesn't change the cloud computing’s functions, presents basic concept of cloud-based augmented reality, specifies requirements and framework of cloud-based augmented reality systems.

J.1292 (ex J.STB-UHDVR) : Functional requirements for cable set-top box supporting Ultra-High-Definition video and virtual reality services
A set-top box (STB) capable of decoding Ultra-High-Definition (UHD) video i.e. 4K, 8K, or higher resolutions and supporting Virtual Reality (VR) is a crucial component in the ever-evolving landscape of home entertainment. With the rapid growth of UHD video content, such a device ensures that users can enjoy the highest quality video, offering stunning resolution and visual clarity. Moreover, as technology advances, UHD content is becoming more prevalent, making a set-top box that supports UHD essential for future-proofing home entertainment systems. In the realm of VR, high-quality visuals are paramount for creating immersive and realistic experiences. A set-top box that can decode UHD video enhances VR content by providing intricate detail and making the virtual world more engaging. Furthermore, it ensures the smooth performance of VR applications and UHD video, delivering lag-free experiences. Whether it is watching UHD movies or engaging in VR gaming, a set-top box equipped for both technologies expands entertainment possibilities and offers a versatile and engaging media experience. This draft new ITU-T Recommendation elaborates the functional requirements for a cable set-top box capable of supporting Ultra-High-Definition video and Virtual Reality services. It introduces the system architecture and specifies the minimum requirements for the STB to decode and output UHD video with resolutions of 4K, 8K, or higher. Additionally, the STB should be compatible with VR services, utilizing either cable or WLAN IEEE 802.11be technology.

F.740.9 (ex F.IPTV-VRSReqs) : Requirements for enabling VR services based on IPTV architecture
This Recommendation specifies the requirements and the IPTV functional architecture for enabling VR services. In this Recommendation, VR services are integrated into the IPTV services using two approaches: the thick client model, which performs all processing on the device, and the thin client model, which leverages cloud-based processing. The related functional components, service procedures, requirements, and interaction models are defined accordingly. With this Recommendation, IPTV service providers can enhance their offerings by supporting immersive VR experiences, including 360° panoramic content and interactive VR applications. These enhancements enable IPTV systems to deliver superior QoE for VR services while maintaining interoperability with existing IPTV Recommendations. Furthermore, new user-centric VR service scenarios, such as single-user and multi-user immersive experiences, can be developed based on the capabilities specified in this Recommendation.

F.747.16 (ex F.3D-DDSReqs) : Requirements for 3D machine vision-based surface defect detection service of industrial products
Three-dimensional (3D) machine vision can obtain the complete geometric information of the real 3D scene, and the images with depth information can be used to achieve high-precision measurement, detection, positioning, reconstruction, and scene understanding. It can process various types of industrial products that cannot be processed by 2D machine vision (e.g. highly reflective surfaces and low-contrast surfaces), such as electronic products and PCB surface detection, free-form surface optical mirror measurement, and measurement and detection of steel product surfaces or curved surfaces, etc. This document provides the requirements for 3D machine vision-based surface defect detection service of industrial products.

F.748.54 (ex F.FDHC): Framework for digital human customization
As services and technology involving digital humans continue to advance, demands of digital human customization arise from use cases of various digital human communication services. To satisfy the demands, the Recommendation specifies a framework for customizing digital humans, by creating and controlling digital humans to fit the needs of service users. Since digital humans share the similar characteristics as real humans, digital human features are described in the basis of human characteristics. Modules in the framework, including extractors and generators, utilize the digital human features as outputs and inputs, respectively.

F.748.58 (ex F.CEMP-DHS) : Requirements and architectures of multimedia platform for digital human services using edge cloud
Media services utilizing digital human technology encompass diverse application scenarios and incorporate various essential technologies, including modelling, animation, and rendering. To address the demands for high fidelity, real-time responsiveness, and concurrent usage in digital human services, a new initiative aims to introduce additional functional capabilities based on multimedia and edge cloud technologies. These enhancements aim to enable a broad range of media services leveraging the existing digital human technology while meeting the aforementioned requirements.


H.430.9 (ex H.ILE-FT) An architectural framework for first-person transfer immersive live experience
There are two distinct approaches to capturing an Immersive Live Experience: first-person and third-person perspectives. First-person immersive experiences place the player or viewer directly into the perspective of the protagonist or main character. They see the world through the characters' eyes, experiencing events as if they were happening to them. Third-person immersive experiences, on the other hand, present the story from an external viewpoint, usually following the protagonist or multiple characters from a distance. The player or viewer observes the events from outside the character's perspective. Current ILE (Immersive Live Experience) in ITU-T H.430 series deals with capturing experiences from third-person point of view, where users feel like a part of the audience viewing a performance. On the other hand, first-person experiences tend to offer a higher level of immersion because the player feels like they are directly involved in the action. The viewpoint aligns more closely with the player's perspective, enhancing the sense of presence and involvement. For example, when sharing experience of a piano performance, current ILE would transmit the experience of the audience. The proposed FT-ILE shares the experience of the piano player; such as by sharing the haptic impressions of the piano player so that users can feel similar sensations according to the feature of individuals' sensitivity and physical capabilities including devices the users have. This first-person to first-person ILE thus uses more individual data and requires a different architectural framework that can measure individuals' bodily characteristics of senders and receivers. In addition, that data must be converted so that the senses are scaled to the receiver's capabilities. This draft of the ITU-T Recommendation identifies taxonomy, requirements, functional components, and the architectural framework for First-person Transfer Immersive Live Experience (FT-ILE).

H.770.1 (ex H.MV-PIOP) Service scenarios and high-level requirements for metaverse cross-platform interoperability
This Recommendation specifies service scenarios and high-level requirements for metaverse cross-platform interoperability. With the increasing number of metaverse platforms being developed, there is a need to create open and seamless interoperable environments between metaverse platforms that fosters innovation and collaboration. This Recommendation aims to identify the various intended service scenarios and high-level requirements of four types of metaverse cross-platform interoperability: avatar interoperability, asset interoperability, content interoperability, identity interoperability.

Y.4812 (ex Y.mv-iid) Interoperability of IoT devices' identity across metaverse platforms
<TBD>

Y.4239 (ex. Y.dtmv-ref) Reference model for integrating virtual and physical worlds through digital twins in the metaverse
<TBD>

Y.4238 (ex. Y.dtmv-reqts)	Requirements for integrating virtual and physical worlds through digital twins in the metaverse
<TBD>

Y.4240 (ex. Y.dtmv-if) Interoperability for integrating virtual and physical worlds through digital twins for the metaverse
<TBD>
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[bookmark: _Toc229057242]ISO/ IEC JTC 1 /SC 6

	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	ISO/ IEC
JTC 1 /SC 6
	ISO/IEC
AWI 1191
3-1
	Draft IS
	Telecommunications and information exchange between systems — Wearable Suit Area Network (WSAN) — Part 1: Physical and MAC layer protocols
	Under development
	Enabling
Technology
	This standard specifies the physical layer and medium access control (MAC) layer protocols for a Wearable Suit Area Network (WSAN). It defines the communication interface, medium access control, and transmission procedures required to support reliable data and power transfer over conductive fabric between wearable nodes.

	ISO/ IEC
JTC 1 /SC 6
	ISO/IEC
AWI 1191
3-2
	Draft IS
	Telecommunications and information exchange between systems — Wearable Suit Area Network (WSAN) — Part 2: Application layer protocol
	Under 
development
	Enabling
Technology
	This standard specifies the physical layer, medium access control layer, and application layer protocols for a Wearable Suit Area Network (WSAN). It supports data and power transfer among multiple nodes through conductive fabric, and defines communication procedures, control commands, and scheduling mechanisms for efficient and reliable wearable suit networking.



[bookmark: _Toc229057243]ETSI ISG ARF
ETSI ISG ARF develops interoperability specifications and reference architectures for augmented reality systems and spatial computing environments. Its activities include world representation, scene management, AR interoperability, and virtual world standardization landscape analysis. ETSI ARF also defines the concept of “World Graph” to support relocalization and spatial anchoring of digital content in physical environments.


	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	ETSI ARF
	ETSI GS ARF 003 V2.1.1
	Group Specifications
	Augmented Reality Framework (ARF); AR framework architecture

	Published
	Interoperability
	Specifies a functional reference architecture for AR components, systems and services.

	ETSI ARF
	ETSI GS ARF 004-02
V1.1.1
	Group Specifications
	Augmented Reality Framework (ARF) Interoperability Requirements for AR components, systems and services Part 2: World Storage and AR Authoring functions
	Published
	Interoperability
	Introduces the concept of World Graph: a hierarchy of Trackables and World Anchors representing the real world knowledge in the World
Representation sub-function

	ETSI ARF
	ETSI GS ARF 004-04
V1.1.1
	Group Specifications
	Augmented Reality Framework (ARF); Interoperability Requirements for AR components, systems and services; Part 4: World Analysis, World Storage and Scene Management functions
	Published
	Interoperability
	Defines how the World Graph is used to retrieve Relocalization Information and determine the pose of AR devices and AR assets

	ETSI ARF
	ETSI GS ARF 004-06
V1.1.1
	Group Specifications
	Augmented Reality Framework (ARF); Interoperability Requirements for AR components, systems and services; Part 6: 3D Objects of World for AR Authoring and Scene Management functions
	Published
	Interoperability
	Extends the concept of World Graph to include in the hierarchy Objects of World representing the shape and appearance of the real world

	ETSI ARF
	ETSI GR ARF 007 V1.1.1
	Group Report
	Augmented Reality Framework (ARF); Standards landscape for ETSI AR Functional Reference Model

	Published
	General
	Identifies existing and emerging standards and technologies relevant to the ten functional blocks
and nineteen reference points specified in ETSI ARF architecture

	ETSI ARF
	ETSI GR ARF 010 V2.1.1
	Group Report
	Augmented Reality Framework (ARF); Virtual World Standards Landscape Report
	Published
	General
	Presents details about
interoperability standards, working groups and standards development organizations focusing on technology in eight Virtual Worlds related
domains


	ETSI ARF
	ETSI GR ARF 012 V2.1.1
	Group Report
	Augmented Reality Framework (ARF); Executive Summary of the Virtual World Standards Landscape Report and the Virtual World Standards Recommendations Report
	Published
	General
	Summarizes the current state of Virtual Worlds standardization, highlighting extensive but underutilized standards, coordination challenges, and recommendations to foster a more inclusive and scalable European Virtual Worlds ecosystem.




[bookmark: _Toc229057244]Broadband Forum (BBF)

	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	Broadband Forum (BBF)
	WT-534
	Draft Working Text
	Edge Computing Services, Use Cases, and Requirements
	Under development
	Application / Service
	Defines service requirements and architectural capabilities for edge computing, enabling low-latency and high-performance environments suitable for immersive metaverse applications.

	Broadband Forum (BBF)
	WT-524
	Draft Working Text
	Service and QoE Definitions
	Under development
	Application / Service
	Provides definitions and metrics for service quality and user experience (QoE), which are critical for immersive and real-time metaverse services.

	Broadband Forum (BBF)
	TR-069a6
	Technical Report
	CPE WAN Management Protocol
	Published
	Interoperability & Infrastructure
	Specifies mechanisms for remote management and auto-configuration of customer premises equipment (CPE), supporting scalable deployment and operation of metaverse-related services.

	Broadband Forum (BBF)
	TR-369
	Technical Report
	User Services Platform (USP)
	Published
	Interoperability & Infrastructure
	Defines a service management and communication framework for connected devices and services, supporting interoperability across broadband, IoT, and virtual service environments relevant to metaverse ecosystems.

	Broadband Forum (BBF)
	TR-181i2
	Technical Report
	Device Data Model for CWMP Endpoints and USP Agents
	Published
	Enabling Technology
	Provides standardized data models for device configuration and management, enabling consistent representation and control of devices supporting metaverse services.

	Broadband Forum (BBF)
	TR-398
	Technical Report
	Wi-Fi Residential & SOHO Performance Testing
	Published
	Enabling Technology
	Defines performance testing methodologies for Wi-Fi networks, contributing to reliable connectivity required for immersive metaverse experiences.

	Broadband Forum (BBF)
	TR-499
	Technical Report
	Broadband Service Metrics
	Published
	Application / Service
	Specifies metrics for monitoring and assuring broadband service performance, supporting service quality requirements for metaverse applications.

	Broadband Forum (BBF)
	TR-124i9
	Technical Report
	Functional Requirements for Broadband Residential Gateway Devices
	Published
	Enabling Technology
	Defines functional requirements for residential gateway devices, supporting delivery of multimedia and interactive services relevant to metaverse environments.

	Broadband Forum (BBF)
	TR-178i2
	Technical Report
	Multi-service Broadband Network Architecture and Nodal Requirements
	Published
	Interoperability & Infrastructure
	Defines architecture and node requirements for multi-service broadband networks, enabling scalable infrastructure to support metaverse service delivery.



APT/ASTAP

	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	APT ASTAP
	ASTAP EG MA
	APT/ASTAP Report
	Metaverse Use Cases in Asia-Pacific Region
	Under study
	Application / Service
	Studies metaverse use cases and service scenarios in the Asia-Pacific region.

	APT ASTAP
	ASTAP EG IOT&SSC
	APT/ASTAP Report
	Concept, Use Cases and Guideline of Citiverse for APT Member Countries
	Under study
	Application / Service
	Studies citiverse concepts and guidelines for smart sustainable cities in APT member countries.




[bookmark: _Toc229057245]IOWN Global Forum
[Editor’s Note: The liaison statement from the IOWN Global Forum was received shortly after the 2nd JCA-MV meeting and therefore was not discussed in the second JCA meeting. However, considering its relevance from a coordination point of view, the information has been included in this roadmap document.]

The Data Space for Digital Twin (DSDT) task force (formerly the Digital Twin Framework task force until 2023) is responsible for specifying use cases leveraging the IOWN GF architecture and defining the DSDT reference architecture. This architecture encompasses functional blocks to enable the implementation of digital twin applications and facilitate the exploitation of the IOWN technical infrastructure.
Additionally, the Forum is focused on delivering deep implementation analysis and evaluation for relevant use cases leveraging IOWN architecture. This is done through developing documents with Reference Implementation Model (RIM) for such relevant use cases, i.e., analyzing specific requirements and measuring based through appropriate benchmarking models the relevant metrics. Some of these use cases are metaverse-related use cases and therefore potentially relevant for the JCA-MV activities.

	SDO / Org.
	Reference
	Type
	Title
	Status
	Category*
	Summary

	IOWN GF
	IOWN-DTF-Meraverse
	Reference document
	Metaverse Use Case
	Published
	Application / Service
	Focuses on Metaverse use-cases which enable communication, interaction, and immersive experiences to take place in the virtual space.

	IOWN GF
	IOWN-DTF-DTAnalysis
	Reference document
	Digital Twin Framework Analysis Report
	Published
	Enabling technology
	The purpose of the Digital Twin Framework Analysis Report is to provide an analysis for understanding the use cases of digital twins defined by the IOWN Global Forum.

	IOWN GF
	IOWN-DSDT-FAv1
	Reference document
	Data Space for Digital Twin Functional Architecture v1.0
	Published
	Infrastructure
	Defines the functional architecture of the Data Space for Digital Twin applications (DSDT) layer at the top of the IOWN technical infrastructure. DSDT encompasses functional blocks that enable the implementation of the digital twin applications allowing and easing the exploitation of the IOWN technical infrastructure.

	IOWN GF
	IOWN-Robot-RIM
	RIM**
	RIM** for the Remote Controlled
Robotic Inspection Use Case
	Published
	Infrastructure
	This document specifies the RIM for the Remote Controlled Robot Inspection Use Case, developing for it a Benchmark Model to evaluate the use case based on chosen relevant metrics.

	IOWN GF
	IOWN-AreaMgmt-RIM
	RIM**
	RIM** for the Area Management
Security Use Case
	Published
	Infrastructure
	This document specifies the RIM for the Area Management Security Use Case, developing for it a Benchmark Model to evaluate the use case based on chosen relevant metrics.

	IOWN GF
	IOWN-Robot-PoC
	PoC Reference
	PoC Reference: Industry Management Remote Controlled Robotic Inspection Use Case
	Published
	Infrastructure
	This document provides guidelines for conducting PoCs to evaluate the RIM of the Remote Controlled Robot Inspection use case, to validate how IOWN technologies enable low-latency and high-reliable remote inspection of the use case.

	IOWN GF
	IOWN-AreaMgmt-PoC
	PoC Reference
	PoC Reference: RIM** for the
Area Management Security Use Case
	Published
	Infrastructure
	This document provides guidelines for conducting PoCs for Area Management Security Use case to evaluate the corresponding RIM, using the defined Benchmark Model to validate the IOWN technologies as enablers of low-cost and low-power consumption of use case.


*Note – Categories include: General, Application/Service, Enabling Technology, and Interoperability & Infrastructure.
**Note – RIM: Reference Implementation Model




[bookmark: _Toc229057246]Gap analysis / Standardization matrix
[Editor’s Note: 
· This clause was added by the JCA-MV with reference to similar standardized roadmap development cases and the FGMV-51 deliverable.
· The content and title of this clause should be future oriented to highlight standardization pathways while considering the ongoing work being carried out by various standards development organizations (SDOs) and forums contained in clause 7 
· All participants are invited share suggestions on appropriate structure and content of this clause

[bookmark: _Toc229055560][bookmark: _Toc229057247]Annex A: List of contact persons
This Annex provides the list of contact persons from each SDO/organization. 
	SDO / Org.
	Name
	Role in SDO
	e-mail

	ITU-T SG11
	Changkyu Lee
	Rapporteur Q8/11
	changkyu.lee@etri.re.kr

	ITU-T SG13
	
	WP4/13
	

	ITU-T SG17
	Junhyung Park
	editor for X.stm-dpm
	junhyung.park@sch.ac.kr

	ITU-T SG21
	Wook HYUN

Noah LUO
	Associative Rapporteur 9/21
Chair of SG21
	whyun@etri.re.kr

noahluozz@gmail.com

	ITU-D SG1
	Arseny Plossky
	Rapporteur for Question 4/1
	aplossky@gmail.com

	ISO/IEC JTC 1/SC 6
	Wook HYUN
	AG 6 Convenor
	whyun@etri.re.kr

	APT/ASTAP
	Hideki Yamamoto
	Chair of EG MA
	yamamoto436@oki.com

	ETSI ISG ARF
	Jérémy Lacoche
	chair of ISG ARF
	jeremy.lacoche@orange.com

	The Broadband Forum (BBF)
	Manuel Paul

Tony Zeng
	Director of Service Requirement Work Area
Service Requirements Work Area (WA) Director
	manuel.paul@telekom.de

tony.zengyan@huawei.com

	IOWN GF
	Hideo Imanaka
	Co-editor of Metaverse Use Case document
	h.imanaka@nict.go.jp

	
	
	
	







[bookmark: _Toc229057248]Appendix I: SDOs related to metaverse
[Editor’s Note: this appendix is extracted from FGMV-51 with some modifications.]
The appendix outlines various working groups in standardization bodies such as ITU, ISO/IEC, and others in research related to the metaverse. It particularly emphasizes the ITU's potential future advancements in metaverse standards through its study groups and also elaborates detailed introduction of other SDOs in their current standardization efforts.
[bookmark: _Toc229057249]I.1 ITU-T:
ITU-T SCV (Standardization Committee for Vocabulary)
ITU-T SCV is tasked with developing and maintaining standardized terminology and vocabulary related to the metaverse. This includes defining and clarifying key terms, concepts and definitions used across various ITU-T study groups and related standards efforts to ensure consistency and interoperability in the development and implementation of metaverse technologies. ITU-T SCV collaborates with other relevant standardization bodies to align vocabulary and terminology efforts globally.
ITU-T SG3 (Economic and Policy Issues)
ITU-T SG3 examines the economic and policy implications, including regulatory frameworks, taxation, and economic models, which are connected with virtual economies within metaverse platforms.
ITU-T SG5 (Environment and Climate Change)
ITU-T SG5 could address the energy efficiency and environmental impact of metaverse technologies, 
developing standards for sustainable infrastructure and green practices to minimize the carbon footprint of virtual worlds and digital interactions.
ITUT SG11 (Protocols, Testing & Combating Counterfeiting)
ITU-T SG11 could standardize protocols and testing methods for the metaverse, also combating counterfeiting within virtual environments. This includes initiating work on classical protocols and interfaces for metaverse-related technologies.
ITU-T SG12 (Quality of Service and Experience)
ITU-T SG12 could works on standards ensuring optimal performance, quality of service (QoS), and quality of experience (QoE), which could applied in metaverse applications and services, focusing on metrics, monitoring techniques and optimization strategies tailored to virtual environments.
ITU-T SG13 (Future Networks)
The ITU Study Group 13 “Future Networks”could works on general functional requirements for metaverse networks. This includes the study of a functional framework, the description of a generic functional architecture, and a specific focus on key management functions.
ITU-T SG15 (Optical Transport Networks and Access Network Infrastructures)
ITU-T SG15 explores the integration of virtual reality (VR) and augmented reality (AR) technologies into optical transport networks and access network infrastructures to support the requirements of the metaverse.
ITU-T SG17 (Security)
ITU-T SG17 focuses on cybersecurity standards specifically tailored for the metaverse environment, addressing authentication, encryption, and threat detection mechanisms to ensure the security of virtual interactions and digital assets within metaverse platforms. Key areas include certification for market uptake, integration of metaverse networks with other networks, specifying metaverse-specific components, and embedding and use of applications.
ITU-T SG20 (Internet of Things, Digital Twins and Smart Sustainable Cities and Communities)
ITU-T SG20 could works on standards for integrating IoT devices and smart city infrastructure with the metaverse, enabling seamless interaction between virtual environments and the physical world, enhancing the overall functionality and intelligence of connected communities within the metaverse context.
ITU-T SG21 (Multimedia and Content delivery)
ITU-T SG21 could investigate standards for multimedia coding, systems and applications that enable immersive experiences within the metaverse, including virtual worlds, social interaction platforms and immersive storytelling, and also explores the integration of virtual reality (VR) and augmented reality (AR) technologies into integrated broadband and cable networks to support the requirements of the metaverse.

[bookmark: _Toc229057250]I.2 ISO/IEC JTC1
ISO/IEC JTC 1/SC 7 (Software and Systems Engineering)
SC 7 is responsible for standardizing processes, supporting tools, and documentation systems that assist in the engineering of software products and systems. This includes methodologies, tools and technologies designed to manage the lifecycle of software.
ISO/IEC JTC 1/SC 24 (Computer Graphics, Image Processing, and Environmental Data Representation):
This subcommittee focuses on standardization in the fields of computer graphics, image processing, and environmental data representation, facilitating interoperability and advancements in these technologies.
ISO/IEC JTC 1/SC 27 (Information Security, Cybersecurity and Privacy Protection):
SC 27 is dedicated to standardizing methods for enhancing IT security and privacy, covering everything from cryptography to security management and personal identity verification. 
ISO/IEC JTC 1/SC 31 (Automatic Identification and Data Capture Techniques) 
SC 31 develops and facilitates standards related to the design and implementation of auto identification and data capture technologies like bar codes, RFID, card technologies, biometrics, and item numbering.
ISO/IEC JTC 1/SC 35 (User Interfaces)
SC 35 is tasked with standardization in the field of user interfaces, encompassing user interface design for software, hardware, and services to enhance accessibility, usability and performance of systems.
ISO/IEC JTC 1/SC 38 (Cloud Computing and Distributed Platforms)
SC 38 provides standardization in the areas of cloud computing and distributed computing platforms. It focuses on frameworks, models, and technologies that facilitate services and applications based on cloud resources.
ISO/IEC JTC 1/SC 41 (Internet of Things and Digital Twin)
SC 41 is dedicated to the standardization of Internet of Things (IoT) and Digital Twin technologies. It works on developing foundational standards that ensure interoperability, security, and effective deployment of IoT and digital twin ecosystems.
ISO/IEC JTC 1/SC 42 (Artificial Intelligence)
SC 42 leads the ISO/IEC efforts on standardization in the field of artificial intelligence. It works on standards for AI concepts, frameworks, systems, and assurance to facilitate reliable, secure and trustworthy AI technologies.

[bookmark: _Toc229057251]I.3 W3C
W3C Immersive Web Working Group:
This group aims to bring high-performance virtual and augmented reality to the open web. Its work includes the development of APIs to integrate VR and AR into web applications.
W3C WAI (Web Accessibility Initiative):
WAI develops strategies, guidelines, and resources to help make the web accessible to people with disabilities. This includes developing standards for web content, user agents, and authoring tools.

[bookmark: _Toc229057252]I.4 IEEE
IEEE Virtual Reality and Augmented Reality Working Group:
This group works on the development of standards and best practices for virtual and augmented reality technologies, focusing on enhancing user experience through interoperability and innovation.



[bookmark: _Toc229057253]Appendix II: List of relevant groups and entities for potential liaison activities

[Editor’s Note: this appendix is extracted from JCA-MV-Doc-020 with some modifications.]
List of relevant groups and entities for potential liaison activities:
· ITU-T SCV, SG2, SG3, SG5, SG11, SG12, SG13, SG15, SG17, SG20, SG21
· ITU-D SG1, SG2
· ITU-R SG5, SG6
· ITU IRG AVA
· ITU-T JCA-AHF
· IEC TC57
· IEC TC 65
· IEC TC 79
· IEC TC 85
· IEC TC 100
· IEC TC 110
· ISO TC 68
· ISO TC 69
· ISO TC 133
· ISO TC 184
· ISO TC 307
· IEC/ISO JSEG 15
· ISO/IEC JTC 1
· ISO/IEC JTC 1/AG 2
· ISO/IEC JTC 1/AG 23
· ISO/IEC JTC 1/SC 6
· ISO/IEC JTC 1/SC 17
· ISO/IEC JTC 1/SC 24
· ISO/IEC JTC 1/SC 27
· ISO/IEC JTC 1/SC 29
· ISO/IEC JTC 1/SC 31
· ISO/IEC JTC 1/SC 35
· ISO/IEC JTC 1/SC 36
· ISO/IEC JTC 1/SC 38
· ISO/IEC JTC 1/SC 41
· ISO/IEC JTC 1/SC 42
· ISO/IEC JTC 1/SC 43
· IEEE SA
· W3C
· IETF
· ETSI ISG-ARF
· ETSI TC Cyber
· 3GPP TSG SA
· 3GPP TSG SA WG1
· 3GPP TSG SA WG 4
· GI-AI4H
· ASTAP
· IPv6 Forum
· Broadband Forum
· TMForum
· INATBA
· World Metaverse Council
· Metaverse Standards Forum
· Open Metaverse Foundation
· Digital Twin Consortium
· VRM consortium
· IOWN Global Forum
· Khronos Group
· Global Initiative on Virtual Worlds and AI – Discovering the Citiverse
· …




[bookmark: _Toc229057254]Appendix III: Initial template for collecting metaverse-related standardization work

[Editor’s Note: For collecting the metaverse-related standardization work from relevant SDOs and entities, an initial template has been suggested by the editors of roadmap document and co-chair, Shin-Gak KANG.]

The following table provides a reference format, with examples, to share information on metaverse-related standardization activities undertaken by each organization. The information on ongoing and published work among standards development organizations and related entities will be included in the Metaverse Standardization Roadmap. The example below illustrates how the template can be completed.
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Table – Example format for sharing information on metaverse-related standardization activities
	SDO / Org.
	Reference
	Type
	Title
	Status
	Category
	Summary

	ITU-T SG21
	H.MV-FRADAI
	Draft Recommendation
	Functional requirements and architecture for digital asset interoperability
	Under development
	Interoperability
	Defines functions and architecture for asset transfer, exchange, and synchronization.

	ISO/IEC JTC 1
	ISO/IEC 18026
	Standard
	Spatial Reference Model
	Published
	Enabling technology
	Provides a geospatial reference framework for 3D/VR integration.

	IEEE
	IEEE P7016
	Draft Standard
	Ethically aligned design for XR/Metaverse
	Under development
	General
	Provides ethical guidance for metaverse-based systems.

	W3C
	WebXR API
	Standard
	WebXR Device API
	Published
	Enabling technology, Interoperability
	API for web-based immersive technologies.

	3GPP SA1
	TR 22.87x
	Technical Report
	6G service requirements for metaverse use cases
	Under development
	Application/Service
	Identifies service-level requirements for immersive metaverse applications.

	ETSI ISG MEC
	MEC Spec.
	Technical Specification
	Multi-access Edge Computing for XR/Metaverse
	Published
	Infrastructure
	Specifies edge computing capabilities to support low-latency immersive services.



Note – Categories include: General, Application / Service, Enabling Technology, and Interoperability & Infrastructure. 
Note – The classification of metaverse standards described in FGMV-51 applies to this template and will be further discussed within the JCA-MV.

______________________
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