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FOCUS: 5G / METAVERSE

THE WORLD OF
METAVERSE

DRIVEN BY 5G
Metaverse is a futuristic technology and rapidly

gaining traction. There could be a world of
collaboration between the CATV segment and

Metaverse in the future.

METAVERSE : OPPORTUNITIES
AND CHALLENGES

The metaverse is the key to the next wave of digital
transformation. It creates an immersive space for
interactions that are enabled by a range of technologies—
including, but not
limited to
augmented reality
(AR), virtual
reality (VR),
extended reality
(XR), artificial
intelligence (AI),
internet of things,
and digital twins.
It has the
potential of
creating a
simulated real-life
e n v i r o n m e n t
where people can
talk, work, and
play using
specialized glasses, headsets, controllers, and related
resources. The Metaverse is currently all the rage in the
digital world because of its seemingly endless potential
and objectives. Industry players and investors are
overwhelmingly looking for new use cases and monetisation
opportunities from metaverse. It is an environment where
the physical and digital worlds can coexist and significantly
impact fundamental areas of daily life. It is a universe of
limitless, interconnected virtual communities where people
can socialize, collaborate, and have fun using virtual reality
headsets, augmented reality glasses, smartphone apps, and
other technologies.

The metaverse is a term that refers to a shared virtual

5jaI sao p`oirt hO5jaI sao p`oirt hO5jaI sao p`oirt hO5jaI sao p`oirt hO5jaI sao p`oirt hO
maoTavasa- kI duinayaamaoTavasa- kI duinayaamaoTavasa- kI duinayaamaoTavasa- kI duinayaamaoTavasa- kI duinayaa
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caSmao̧  hoDsaoT¸ inayaM~k AaOr saMbaMiQat saMsaaQanaaoM ka ]pyaaoga krko baat kr
sakto hOM̧  kama kr sakto hOM AaOr Kola sakto hOM.maoTavasa- vat-maana maoM ApnaI
AsaIimat saMBaavanaaAaoM AaOr ]_oSyaaoM ko karNa iDijaTla duinayaa maoM bahut
laaokip̀ya hO.]Vaoga ko iKlaaD,I AaOr inavaoSak baD,o pOmaanao pr maoTavasa- sao nayao
]pyaaoga ko maamalaaoM AaOr maud̀IkrNa ko AvasaraoM kI tlaaSa kr rho hOM.yah ek
eosaa vaatavarNa hO jahaM BaaOitk AaOr iDijaTla duinayaa eksaaqa rh saktI hO
AaOr dOinak jaIvana ko bauinayaadI xao~aoM pr mah%vapUNa- p̀Baava Dala saktI
hO.yah AsaIimat¸ prspr jauD,o hue AaBaasaI samaudayaaoM ka ek bàmhaMD hO jahaM
laaoga AaBaasaI vaastivakta hoDsaoT¸ saMvaiQa-t vaastivakta caSmaa¸ smaaT-faona
eop AaOr Anya tknaIikyaaoM ka ]pyaaoga krko saamaaijakkrNa¸ sahyaaoga AaOr
manaaorMjana kr sakto hOM.
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reality where people can interact with each other and with
digital content across different platforms and devices. The
metaverse has been envisioned as a potential future of the
internet, where immersive and social experiences are
enhanced by technologies such as augmented reality, virtual
reality, blockchain, artificial intelligence, and cloud
computing. However, the metaverse also poses significant
challenges for regulation, as it involves complex and novel
issues such as data privacy, content moderation, intellectual
property rights, digital identity, cybersecurity, taxation,
competition, and governance. These issues require careful
consideration and coordination among various stakeholders,
such as governments, businesses, civil society, and users.

Web3 and Metaverse allow users to own and control
their digital assets. These assets are stored in decentralized
wallets and stay under the total control of the users. Both
Web 3.0 and Metaverse provide immersive experiences to
their users. Web3 and Metaverse are community-driven
systems. Web3 relies on the active participation of
developers, users, and other stakeholders to build and
maintain the decentralized web. Similarly, Metaverse relies
on its community to create virtual experiences and
applications, govern the platform and make decisions about
its future direction. In fact, Web3 is used to access the
Metaverse immersive experiences. This consultation paper
deals with the issues related to Metaverse in detail, because
ultimately this is going to be the user interface in Web3.

Web3 and Metaverse will play an important role in
building the next version of the Internet and leading the
next wave of digital adoption for Indian industries.
According to a recent report released by Arthur D. Little,
Web3 and Metaverse market opportunity in India is expected
to grow at an annual growth rate of nearly 40%, with the
potential to become a US $200 billion industry by 2035.
This report has also projected Metaverse to become a US
$13 trillion opportunity globally by 2030. It is estimated that
about 8% of the $160 trillion global GDP by 2030 will come
from Web3 and Metaverse. India’s e-commerce penetration
and its leadership in digital payments adoption presents an
opportunity for Web3 and Metaverse technologies to
enhance the retail and finance sectors. Investors, corporates,
start-ups, government and regulators need to work together
to help India realize the US $ 200 Bn potential in Web3 and
Metaverse.

TRAI has organised various seminars and
workshops on Metaverse to understand the subject and
discuss the regulatory challenges involved in detail. First
such workshop was organised on 12th September 2022, in

maoTavasa- ek Sabd hO jaao ek saaJaa AaBaasaI vaastivakta kao
saMdiBa-t krta hO jahaM laaoga ek dUsaro ko saaqa AaOr ivaiBanna PlaoTfa^maao-M
AaOr ]pkrNaaoM pr iDijaTla saamaga`I ko saaqa baatcaIt kr sakto hOM.maoTavasa-
kI klpnaa [MTrnaoT ko saMBaaivat BaivaYya ko $p maoM kI gayaI hO̧  jahaM
saMvaiQa-t vaastivakta¸ AaBaasaI vaastivakta¸ blaa^kcaona¸ kRi~ma bauiwma<aa
AaOr @laa]D kMPyaUiTMga jaOsaI tknaIikyaaoM Wara gahna AaOr saamaaijak
AnauBavaaoM kao baZ,ayaa jaata hO.halaaMik maoTavasa- ivainayama ko ilae mah%vapUNa-
caunaaOityaaM poSa krta hO̧  @yaaoMik [samaoM DoTa gaaopnaIyata¸ saamaga`I maa^DroSana¸
baaOiwk saMpda AiQakar¸ iDijaTla phcaana¸ saa[bar saurxaa¸ kraQaana¸ p̀itspQaa-
AaOr Saasana jaOsao jaiTla AaOr nayao mau_o Saaimala hOM.[na mau_aoM pr sarkaraoM̧
vyavasaayaaoM̧  naagairk samaaja AaOr ]pyaaogakta-AaoM jaOsao ivaiBanna ihtQaarkaoM ko
baIca saavaQaanaIpUva-k ivacaar AaOr samanvaya kI AavaSyakta hO.

vaoba3 AaOr maoTavasa- ko ]pyaaogakta-AaoM kao ApnaI iDijaTla saMpi<a
ka svaaima%va AaOr inayaM~Na krnao kI Anaumait doto hOM.yao saMpi<ayaaM ivakoMd`It
vaa^laoT maoM saMga`hIt kI jaatI hO AaOr ]pyaaogakta-AaoM ko pUNa- inayaM~Na maoM
rhtI hO.vaoba 3º0 AaOr maoTavasa- daonaaoM Apnao ]pyaaogakta-AaoM kao gahna
AnauBava p`dana krto hOM.vaoba3 AaOr maoTavasa- samaudaya saMcaailat p`NaailayaaM
hOM.vaoba3 ivakoMd`IkRt vaoba ko inamaa-Na AaOr rKrKava ko ilae Dovalapsa-̧
]pyaaogakta-AaoM AaOr Anya ihtQaarkaoM kI saiËya BaagaIdarI pr inaBa-r
krtI hO.[saI trh¸ maoTavasa- AaBaasaI AnauBava AaOr eiPlakoSana banaanao̧
PlaoTfa^ma- kao inayaMi~t krnao AaOr ApnaI BaivaYya kI idSaa ko baaro maoM inaNa-
ya laonao ko ilae Apnao samaudaya pr inaBa-r krta hO.vaastva maoM vaoba3 ka
]pyaaoga maoTavasa- [maisa-va AnauBavaaoM tk phuMcanao ko ilae ikyaa jaata hO.yah
pramaSa- p~ maoTavasa- sao saMbaMiQat mau_aoM pr ivastar sao cacaa- krta hO̧  @yaaoMik
AMtt: yah vaoba3 maoM yaUjasa- [MTrfosa haonao jaa rha hO.

vaoba 3 AaOr maoTavasa- [MTrnaoT ko Agalao saMskrNa ko inamaa-Na AaOr
BaartIya ]Vaoga ko ilae iDijaTla Apnaanao kI AgalaI lahr ka naotR%va
krnao maoM mah%vapUNa- BaUimaka inaBaayaoMgao.Aa^qa-rºDIºilaiTla Wara jaarI ek
hailayaa irpaoT- ko Anausaar Baart maoM vaoba3 AaOr maoTavasa- baajaar ko Avasar
lagaBaga 40‰ kI vaaiYa-k vaRiwdr sao baZ,nao kI ]mmaId hO̧  saaqa hI 2035
tk 200 ibailayana AmaoirkI Da^lar ka ]Vaoga bananao kI saMBaavanaa hO.[sa
irpaoT- maoM yah BaI Anaumaana lagaayaa gayaa hO ik maoTavasa- 2030 tk
vaOiSvakstr pr 13 iT/ilayana AmaoirkI Da^lar ka Avasar bana jaayaogaa.yah
Anaumaana lagaayaa gayaa hO ik 2030 tk 160 iT/ilayana Da^lar kI vaOiSvak
jaIDIpI ka lagaBaga 8‰ vaoba3 AaOr maoTavasa- sao Aayaogaa.Baart kI [-–
ka^masa- pOz AaOr iDijaTla Baugatana Apnaanao maoM [saka naotR%va vaoba3 AaOr
maoTavasa- tknaIikyaaoM ko ilae Kudra AaOr iva<a xao~aoM kao baZ,anao ka Avasar
p`stut kr rha hO.Baart kao vaoba3 AaOr maoTavasa- maoM 200 ibailayana
AmaoirkI Da^lar kI xamata ka ehsaasa kranao maoM madd krnao ko ilae
inavaoSakaoM̧  ka^rpaoroTsa-̧  sTaT-Ap¸ sarkar AaOr inayaamakaoM kao imalakr kama
krnao kI ja$rt hO.
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which various industry experts and legal experts were invited
as speakers to express their opinions and views.
Subsequently, TRAI Centre of Studies and Research
(TCSR) in collaboration with FICCI organized another
Seminar on “Metaverse – understanding & regulatory
framework” on 5th Dec 2022. The industry experts from
various think-tank organizations and subject-matter experts
were invited for discussion & brainstorming on the topic.
Another workshop on “Metaverse Introduction,
Applications, and Upcoming challenges” was organised
on 17th May 2023 in TRAI. With this background, the
Authority has come out with certain policy and regulatory
issues for consultation with the stakeholders to facilitate
an orderly growth of Metaverse.

BUILDING BLOCKS OF METAVERSE
The Metaverse stack (See Figure 1) is broadly

consists of 4 layers, each of which along with their
subcategories are critical building blocks. This layered
architecture of the Metaverse give an idea about how the
various technological building blocks will fit together in
the stack, and also about its flow. However, this stack is
just a reference for the time being and is evolving and
dynamic due to various developments taking place rapidly
in the metaverse landscape.

Layer 1 i.e., the infrastructure layer includes the

Figure 1: Metaverse Stack

T/a[- nao ivaYaya kao samaJanao AaOr [samaoM Saaimala inayaamak caunaaOityaaoM pr ivastar sao
cacaa- krnao ko ilae maoTavasa- pr ivaiBanna saoimanaar AaOr kaya-SaalaayaoM Aayaaoijat
kI hOM.[sa trh kI phlaI kaya-Saalaa 12 isatMbar 2022 kao Aayaaoijat kI
gayaI qaI¸ ijasamaoM ivaiBanna ]Vaoga ivaSaoYa&aoM AaOr kanaUnaI ivaSaoYa&aoM kao ApnaI
raya AaOr ivacaar vya@t krnao ko ilae va@ta ko $p maoM AamaMi~t ikyaa gayaa
qaa.[sako baad¸ T/a[- saoMTr Aâf sTDIja eMD irsaca- ³TIsaIesaAar´ nao
if@kI ko sahyaaoga sao 5 idsaMbar 2022 kao ‘maoTavasa-–samaJa AaOr inayaamak
Z,aMcaa’ pr ek AaOr saoimanaar Aayaaoijat ikyaa.[sa ivaYaya pr cacaa- AaOr
ivaiBanna iqaMk TOMk saMgaznaaoM ko ]Vaoga ivaSaoYa&aoM AaOr ivaYayavastu ivaSaoYa&aoM kao
AamaMi~t ikyaa gayaa qaa.17 ma[- 2023 kao T/a[- maoM ‘maoTavasa- pircaya¸
Anaup̀yaaoga AaOr AagaamaI caunaaOityaaoM’ pr ek AaOr kaya-Saalaa Aayaaoijat kI
gayaI.[sa pRYzBaUima ko saaqa p̀aiQakrNa maoTavasa- ko vyavaisqat ivakasa kao
sauivaQaajanak banaanao ko ilae ihtQaarkaoM ko saaqa pramaSa- ko ilae kuC naIit
AaOr inayaamak mau_o laokr Aayaa hO.
ma oTavasa - ko ibailDMga blaa ^@sama oTavasa - ko ibailDMga blaa ^@sama oTavasa - ko ibailDMga blaa ^@sama oTavasa - ko ibailDMga blaa ^@sama oTavasa - ko ibailDMga blaa ^@sa

maoTavasa- sTOk ³ica~ 4º1 maoM doKoḾ  maoM maaoTo taOr pr 4 prto hOM
ijanamaoM sao p`%yaok ApnaI ]pEaoiNayaaoM ko saaqa mah%vapUNa- ibailDMga blaa^k
hOM.maoTavasa- kI yah strIya vaastuklaa [sa baat ka AMdaja dotI hO ik
ivaiBanna tknaIkI ibailDMga blaa^k sTOk maoM ek saaqa kOsao ifT haoMgao̧  AaOr
[sako p`vaah ko baaro maoM BaI.halaaMik¸ yah sTOk iflahala ek saMdBa- maa~
hO AaOr maoTavasa- pirdRSya maoM tojaI sao hao rho ivaiBanna ivakasaaoM ko karNa
ivakisat AaOr gaitSaIla hOM.
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technology that enables our devices, connects them to the
network, and delivers content. It consists of network and
hardware. A major component of this layer is a reliable, high
bandwidth and low latency network connectivity. 5G
networks have the capability to fulfil these requirements of
bandwidth and latency. 6G will improve these capabilities
by yet another order of magnitude. Another major
component of this layer is hardware inside the end user
devices like smartphones to VR/AR devices to haptic
devices and display technologies. These devices will require
increasingly powerful and miniaturized processors, tiny
sensors and long-lasting batteries.

Layer 2 i.e., the virtualization engine layer provides
the computational and programming platform for the
metaverse. The Metaverse will have the greatest ongoing
computational requirements in human history. The ever-
expanding need for computing power and its scarcity will
need to be addressed by a combination of Cloud computing,
Local computing, Edge computing and Blockchain
computing. This layer also consists of virtual platforms on
top of which the content creators and developers will built
the immersive digital contents. Another major component
at this layer would be Avatars. Avatars are the embodiment
of Metaverse users. They are a person’s identity in the
Metaverse, allowing them to go on different adventures in
different experiences.

Layer 3 i.e., Interface and Access layer helps users
in accessing the Metaverse. It ranges from
evolving smartphones to VR/AR headsets to
future technologies like haptic devices and
smart glasses. Smartphones are evolving
towards absorbing more immersive
applications and experiences from metaverse
with further miniaturization, embedded AI
technology and powerful sensors and low
latency access to edge computing systems.
Other Metaverse compatible devices include
AR glasses, VR headsets, haptic gloves, wrist bands, 3D-
printed wearables, hologram displays, etc.

Layer 4 i.e., user experience and use cases layer is
responsible for the creation, sale, trading, storage, payment
and financial management of digital assets like content,
games, shopping malls, movies, etc. This layer contains all
business and services, which is built specifically for the
Metaverse, independent of virtual platforms. Users can buy
and sell goods with the help of non-fungible tokens (NFTs).
It supports digital payment processes and platforms,
including cryptocurrencies like bitcoin and ether and other
blockchain technologies.

prt 1 yaaina bauinayaadI Z,aMcao kI prt maoM vah tknaIk Saaimala hO
jaao hmaaro ]pkrNaaoM kao saxama banaatI hO̧  ]nhoM naoTvak- sao jaaoD,tI hO AaOr
saamaga`I ivatirt krtI hO.[samaoM naoTvak- AaOr haD-vaoyar Saaimala hO.[sa
prt ka ek p`mauK GaTk ek ivaSvasanaIya¸ ]cca baOMDivaD\qa AaOr kma
ivalaMbata naoTvak- knaoi@TivaTI hO.5jaI naoTvak- maoM baOMDivaD\qa AaOr ivalaMbata
kI [na AavaSyaktaAaoM kao pUra krnao kI xamata hO.6jaI [na xamataAaoM maoM
pirmaaNa ko ek AaOr Ëma maoM sauQaar krogaa.[sa prt ka ek Anya p`mauK
GaTk smaaT-faona sao laokr vaIAarÀeAar iDvaa[sa sao laokr hOiT/k iDvaa[sa
AaOr iDsPlao tknaIikyaaM jaOsao AMitma ]pyaaogakta- ]pkrNaaoM ko AMdr ka
haD-vaoyar hO.[na ]pkrNaaoM ko ilae tojaI sao Sai@tSaalaI AaOr CaoTo p̀aosaosar¸
CaoTo saoMsar AaOr laMbao samaya tk calanao vaalaI baOT/I kI AavaSyakta haogaI.

prt 2 yaanaI¸ vacau-Alaa[jaoSana [Mjana prt maoTavasa- ko ilae
kMPyaUToSanala AaOr p`aoga`aimaMga PlaoTfa^ma- p`dana krtI hO.maoTavasa- kI maanava
[ithasa maoM sabasao baD,I cala rhI kMPyaUToSanala AavaSyaktayaoM haoMgaI.kMPyaUiTMga
Sai@t kI lagaatar baZ,tI AavaSyakta AaOr [nakI kmaI kao @laa]D
kMPyaUiTMga¸ sqaanaIya kMPyaUiTMga¸ eja kMPyaUiTMga AaOr blaa^kcaona kMPyaUiTMga ko
saMyaaojana sao saMbaaoiQat krnao kI AavaSyakta haogaI.[sa prt maoM vacau-Ala
PlaoTfa^ma- BaI Saaimala hO ijanako SaIYa- pr saamaga`I inamaa-ta AaOr Dovalapsa-
[maisa-va iDijaTla saamaga`I ka inamaa-Na kroMgao.[sa prt pr ek Anya p`mauK
GaTk Avatar haoMgao.Avatar maoTavasa- ]pyaaogakta-AaoM ka Avatar hO.vao
maoTavasa- maoM ek vyai@t kI phcaana hO jaao ]nhoM Alaga–Alaga AnauBavaaoM maoM
Alaga–Alaga raomaaMca pr jaanao kI Anaumait dota hO.

laoyar 3 yaanaI [MTrfosa AaOr e@saosa laoyar ]pyaaogakta-AaoM kao
maoTavasa- tk phuMcanao maoM madd krtI hO.[samaoM ivakisat hao
rho smaaT-faona sao laokr vaIAarÀeAar hoDsaoT\sa sao laokr
hOiPTk iDvaa[sa AaOr smaaT- glaasa jaOsaI BaivaYya kI tknaIkI
Saaimala hO.smaaT-faona AiQak laGaukrNa¸ embaoDoD eAa[-
tknaIkI AaOr Sai@tSaalaI saoMsar AaOr eja kMPyaUiTMga
isasTma tk kma ivalaMbata phuMca ko saaqa maoTavasa- sao
AiQak gahna Anaup`yaaogaaoM AaOr AnauBavaaoM kao AvaSaaoiYat
krnao kI idSaa maoM ivakisat hao rho hOM.Anya maoTavasa- saMgat
]pkrNaaoM maoM eAar glaasa¸ vaIAar hoDsaoT¸ hOiPTk dstanao̧

klaa[- baOMD¸ 3DI–ip̀MToD ivayarobalsa¸ haolaaogàama iDsPlao Aaid Saaimala hO.
laoyar 4 yaanaI¸ ]pyaaogakta- AnauBava AaOr ]pyaaoga ko maamalao kI

prt saamaga`I¸ gaoma¸ Saa^ipMga maa^la¸ iflmaoM Aaid jaOsaI iDijaTla saMpi<ayaaoM ko
inamaa-Na¸ ibaËI¸ vyaapar¸ BaMDarNa¸ Baugatana AaOr iva<aIya p`baMQana ko ilae
ijammaodar hO.[sa prt maoM saBaI vyavasaaya AaOr saovaayaoM Saaimala hOM̧  jaao vacau-
Ala PlaoTfa^ma- sao svatM~¸ ivaSaoYa$p sao maoTavasa- ko ilae banaayaa gayaa
hO.]pyaaogakta- ApUrNaIya Taokna ³enaefTI´ kI madd sao samaana KrId
AaOr baoca sakto hOM.yah iDijaTla Baugatana p`iËyaaAaoM AaOr PlaoTfa^maao-M ka
samaqa-na krta hO ijasamaoM ibaTka^[na AaOr [-qar jaOsaI iËPTaokroMsaI AaOr Anya
blaa^kcaona tknaIk Saaimala hOM.
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CRITICAL TECHNOLOGICAL COMPONENTS OF
METAVERSE

Based on above discussions, we can say that the
metaverse is technically complex since it is built from many
technological components. The technologies that are
needed for an effective metaverse deployment are discussed
in the following sections.

A. EXTENDED REALITY
Extended reality is an umbrella term for all digital and

physical reality combinations. This includes augmented
reality (AR), virtual reality (VR) and mixed reality (MR).

Augmented Reality (AR) is a form of extended reality
that essentially overlays the metaverse onto the physical
world. AR superimposes virtual content onto the real world
allowing users to interact with virtual content while
continuing to see the “real” environment around them. The
use of AR can allow for additional information such as
directions, video, internet pages and more to be available
to users through the use of an app on their smartphone (or
other AR technologies such as glasses) in the real world.
Augmented Reality can be used in multiple environments.
AR use may help students become more engaged in the
concept/topic at hand. Rather than just looking at the
textbook, or watching a video, students can see the topic
come to life in a 3D model through the use of the digital
device. By offering 3D visual representation and/or
additional information, AR offers educators and students
an opportunity to experience an engaging and hands on
learning experience.

Virtual Reality provides users with the experience of
engaging with the metaverse in an immersive fashion. VR
technology, when paired with a headset, allows users to
enter the virtual world. Fully immersive VR incorporates
multiple senses to immerse users in the experience of a new
reality fully. This includes sight, sound, and possibly even
tactile feedback. Appropriate gear is used to stimulate each
sense. This includes headsets, gloves, and goggles. A
person is still present in the physical world when using VR,
but interacting entirely with digital content. Surgeons have
benefitted from the ability to practice their profession in a
virtual environment. VR can provide visual and spatial
simulation experiences by allowing the student to feel as
though they are physically placed within the environment
they are learning about.

Mixed Reality (MR) is a blend of real world with
virtual reality. In MR, users can interact and manipulate
both physical and virtual objects using next generation
sensing and imaging technologies. The experiences that

ma oTavasa - ko mah%vapUNa - tknaIkI GaTkma oTavasa - ko mah%vapUNa - tknaIkI GaTkma oTavasa - ko mah%vapUNa - tknaIkI GaTkma oTavasa - ko mah%vapUNa - tknaIkI GaTkma oTavasa - ko mah%vapUNa - tknaIkI GaTk
]prao@t cacaa-AaoM ko AaQaar pr hma kh sakto hOM ik maoTavasa-

tknaIkI $p sao jaiTla hO̧  @yaaoMik yah nayaI tknaIkI GaTkaoM sao inaima-t
hO.p̀BaavaI maoTavasa- pirinayaaojana ko ilae AavaSyak tknaIkaoM pr inamnailaiKt
AnauBaagaaoM maoM cacaa- kI gayaI hO.
e ºe ºe ºe ºe º ivastairt vaastivaktaivastairt vaastivaktaivastairt vaastivaktaivastairt vaastivaktaivastairt vaastivakta

ivastairt vaastivakta saBaI iDijaTla AaOr BaaOitk vaastivak saMyaaojanaaoM
ko ilae ek vyaapk Sabd hO.[samaoM saMvaiQa-t vaastivakta ³eAar´¸ AaBaasaI
vaastivakta ³vaIAar´ AaOr imaiEat vaastivakta ³emaAar´ Saaimala hO.

saMvaiQa-t vaastivakta ³eAar´ ivastairt vaastivakta ka ek $p
hO jaao Ainavaaya- $p sao BaaOitk duinayaa pr maoTavasa- kao Aaovarlao krta
hO.eAar AaBaasaI saamagàI kao vaastivak duinayaa pr Aaraoipt krta hO
ijasasao ]pyaaogakta- Apnao Aasapasa ko ‘vaastivak’ vaatavarNa kao doKto hue
AaBaasaI saamagàI ko saaqa baatcaIt kr sakto hOM.eAar ka ]pyaaoga vaastivak
duinayaa maoM Apnao smaaT-faona ³yaa caSmao jaOsaI Anya eAar tknaIikyaaoḾ  pr ek
eop ko ]pyaaoga ko maaQyama sao ]pyaaogakta-AaoM kao idSaa inado-Sa¸ vaIiDyaao̧
[MTrnaoTpoja AaOr AiQak jaOsaI Aitir@t jaanakarI ]plabQa kranao kI
Anaumait do sakta hO.saMvaiQa-t vaastivakta ka ]pyaaoga k[- vaatavarNaaoM maoM
ikyaa jaa sakta hO.eAar ko ]pyaoga sao Ca~aoM kao maaOjaUda AvaQaarNaaÀivaYaya
maoM AiQak saMlagna haonao maoM madd imala saktI hO.kovala paz\yapustk kao doKnao
yaa vaIiDyaao doKnao ko bajaaya¸ Ca~ iDijaTla ]pkrNa ko ]pyaaoga ko maaQyama
sao ivaYaya kao 3DI maâDla maoM jaIvaMt haoto hue doK sakto hOM.3DI dRSya
p̀itinaiQa%va AaOrÀyaa Aitir@t jaanakarI kI poSakSa krko̧  eAar iSaxakaoM
AaOr Ca~aoM kao ek AakYa-k AaOr vyavahairk saIKnao ka AnauBava p̀aPt
krnao ka Avasar p̀dana krta hO.

vacau-Ala iryailaTI ]pyaaogakta-AaoM kao maoTavasa- ko saaqa gahna
trIko sao jauD,nao ka AnauBava p`dana krtI hO.vaIAar tknaIk¸ jaba
hoDsaoT ko saaqa jaaoD,I jaatI hO tao ]pyaaogakta-AaoM kao AaBaasaI duinayaa maoM
p`vaoSa krnao kI Anaumait dotI hO.pUrI trh sao [maisa-va vaIAar ]pyaaogakta-
AaoM kao ek nayaI vaastivakta ko AnauBava maoM pUrI trh sao Dubaaonao ko ilae
k[- [Mid`yaaoM kao Saaimala krta hO.[samaoM dRiYT¸ Qvaina AaOr saMBavat: spSa-
p`itiËyaa BaI Saaimala hO.p`%yaok [Mid`ya kao ]<aoijat krnao ko ilae ]pyau@t
igayar ka ]pyaaoga ikyaa jaata hO.[samaoM hoDsaoT¸ dstanao AaOr caSmaoM Saaimala
hOM.vaIAar ka ]pyaaoga krto samaya ek vyai@t ABaI BaI BaaOitk duinayaa maoM
maaOjaUd hO̧  laoikna pUrI trh sao iDijaTla saamaga`I ko saaqa baatcaIt kr rha
hO.saja-naaoM kao AaBaasaI vaatavarNa Apnao poSao ka AByaasa krnao kI xamata
sao laaBa huAa hO.vaIAar Ca~aoM kao yah mahsaUsa kranao kI Anaumait dokr
dRSya AaOr sqaainak isamaulaoSana AnauBava p`dana kr sakta hO̧  jaOsao ik vao
SaarIirk $p sao ]sa vaatavarNa maoM maaOjaUd hOM ijasako baaro maoM vao saIK rho hOM.

imaiEat vaastivakta ³emaAar´ AaBaasaI vaastivakta ko saaqa
vaastivak duinayaa ka imaEaNa hO.emaAar maoM̧  ]pyaaogakta- AgalaI pIZ,I kI
saoMisaMga AaOr [maoijaMga tknaIikyaaoM ka ]pyaaoga krko BaaOitk AaOr AaBaasaI
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can transition between augmented and virtual realities form
mixed reality, where a user can place a digital object, such
as a hologram, in the physical world as if it were physically
present.

Or, the user may be personally and digitally present
in the physical world, in the form of an avatar, to
asynchronously collaborate with others at different points
in time.

B. BLOCKCHAIN
Blockchain is a public digital ledger system that

can be used for executing transactions, smart contracts,
and other agreements. Its power relies upon its
decentralized nature as every transaction is stored on a
distributed database in different locations. It records
transactions chronologically and transparently
protecting privacy and ensuring the fidelity of the data.
It was first introduced in crypto currency market to store
the transactions. These transactions or records being
stored as blocks, are linked together using hashing
mechanisms. It ensures the ledgers ‘immutability’. In the
context of the metaverse, blockchain paves the way for
secure and decentralized transactions between users in
the metaverse. The ability to create and own digital assets
that can be traded and sold in the metaverse is another
benefit of this technology. The metaverse eco-system
relies on blockchain for accounting their content and
transactions to ensure user integrity, privacy, and
reputation.

Figure 2 : Reality Spectrum

daaonaaoM vastuAaoM ko saaqa baatcaIt AaOr horfor kr sakto hOM.jaao AnauBava
saMvaiQa-t AaOr AaBaasaI vastivaktaAaoM ko baIca pirvait-t hao sakto hOM̧  vao
imaiEat vaastivakta banaato hOM̧  jahaM ]pyaaogakta- ek iDijaTla vastu̧  jaOsao
haolaaoga`ama kao BaaOitk duinayaa maoM eosao rK sakta hO̧  jaOsao ik vah BaaOitk
$p maoM maaOjaUd hao.yaa ]pyaaogakta- Alaga Alaga samaya pr dUsarao ko saaqa
Atulyakailak $p sao sahyaaoga krnao ko ilae Avatar ko $p maoM BaaOitk
duinayaa maoM vyai@tgat AaOr iDijaTla $p sao maaOjaUd hao sakta hO.
b a I ºb a I ºb a I ºb a I ºb a I º blaa ^kca o n ablaa ^kca o n ablaa ^kca o n ablaa ^kca o n ablaa ^kca o n a

blaa^kcaona ek saava-jainak iDijaTla bahIKata p`NaalaI hO ijasaka
]pyaaoga laona–dona¸ smaaT- AnaubaMQa AaOr Anya samaJaaOtaoM kao inaYpaidt krnao
ko ilae ikyaa jaa sakta hO.[sakI Sai@t [sakI ivakoMd`IkRt p`kRit pr
inaBa-r krtI hO @yaaoMik p`%yaok laonadona ivaiBanna sqaanaaoM maoM ivatirt DoTa baosa
pr saMga`iht haota hO.yah laonadona kao kalaanauËimak AaOr pardSaI- $p sao
irka^D- krta hO̧  gaaopnaIyata kI rxaa krta hO AaOr DoTa kI ivaSvanaIyata
sauinaiScat krta hO.[sa sabasao phlao laonadona kao sTaor krnao ko ilae
iËPTao kroMsaI baajaar maoM poSa ikyaa gayaa qaa.yao laonadona yaa irka^D- blaa^k ko
$p maoM saMga`iht ikyao jaa rho hOiSaMga tM~ ka ]pyaaoga krko eksaaqa jauD,o
hue hOM.yah bahI KataoM kI ‘Apirvat-naIyata’ sauinaiScat krta hO.maoTavasa-
ko saMdBa- maoM̧  blaa^kcaona maoTavasa- maoM ]pyaaogakta-AaoM ko baIca saurixat AaOr
ivakoMd`IkRt laonadona ka maaga- p`Sast krta hO.maoTavasa- maoM vyaapar AaOr
ibaËI kI jaa saknao vaalaI iDijaTla saMpi<a banaanao̧  AaOr svaaima%va rKnao kI
xamata [sa tknaIkI ka ek Anya laaBa hO.maoTavasa- [kao isasTma ]pyaaogakta-
kI AKMDta¸ gaaopnaIyata AaOr p`itYza sauinaiScat krnao ko ilae ]nakI
saamaga`I AaOr laonadona ko laoKaMkna ko ilae blaa^kcaona pr inaBa-r krta hO.
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C. AI AND MACHINE
LEARNING
Machine learning (ML) and

other forms of artificial intelligence are
rapidly gaining ground as critical tools
for the development of intelligent and
adaptive metaverse virtual
environments. They can be utilized to
make intelligent “characters” that
interact with users, delivering a greater
sense of life and personality to virtual
environments.

D. CLOUD / EDGE COMPUTING
Cloud computing is just as vital as AI and ML for

constructing the metaverse. Both the processing power and
data storage for massive metaverses can be available in the
cloud. In addition, consumers can use the metaverse from
any device, because of cloud connectivity.

E. 5G ECOSYSTEM: A NECESSITY FOR
METAVERSE
Metaverse is envisioned as a seamless integration

of the physical and digital worlds, where users can move
between different platforms and devices
without losing their identity or data. To
realize this vision, a high-speed, low-
latency, and reliable network
infrastructure is essential. 5G will be the
first  generation of networks to
successfully support the Metaverse and
make it feasible for digital words to
operate because of its high reliability,
low latency, fast speed, and higher
capacity. 5G is a necessity for the
metaverse because it can provide the
network performance, scalability, and
flexibility that are required for a rich and
realistic virtual world.

5G can enable immersive and interactive experiences
in the metaverse, such as high-definition video streaming,
cloud gaming, augmented reality, and virtual reality. 5G can
also support massive connectivity of devices and sensors,
enabling the creation of smart environments and digital twins
that mirror the physical world. 5G can also enhance the
experience of users in the metaverse, by providing a
dedicated end-to-end network resource using network
slicing. 5G can unlock the full potential of the metaverse
and enable new possibilities for innovation, collaboration,
and entertainment. 

s a Iºs a Iºs a Iºs a Iºs a Iº eAa[- AaOr maSaIna laina - MgaeAa[- AaOr maSaIna laina - MgaeAa[- AaOr maSaIna laina - MgaeAa[- AaOr maSaIna laina - MgaeAa[- AaOr maSaIna laina - Mga
maSaIna laina-Mga ³emaela´ AaOr kRi~ma bauiwma<aa ko
Anya $p tojaI sao bauiwmaana AaOr AnaukUilat maoTavasa-
AaBaasaI vaatavarNa ko ivakasa ko ilae mah%vapUNa-
]pkrNa ko $p maoM laaokip`yata haisala kr rho
hOM.[naka ]pyaaoga bauiwmaana ‘pa~’ banaanao ko ilae
ikyaa jaa sakta hO̧  jaao ]pyaaogakta-AaoM ko saaqa
batcaIt krto hOM̧  AaBaasaI vatavarNa maoM jaIvana
AaOr vyai@t%va kI baohtr samaJa p`dana krto hOM.
D I ºD I ºD I ºD I ºD I º @laa]DÀeja kMPya U iT Mga@laa]DÀeja kMPya U iT Mga@laa]DÀeja kMPya U iT Mga@laa]DÀeja kMPya U iT Mga@laa]DÀeja kMPya U iT Mga

maoTavasa- ko inamaa-Na ko ilae @laa]D kMPyaUiTMga eAa[- AaOr emaela
ijatnaI hI mah%vapUNa- hO.baD,o pOmaanao pr maoTavasa- ko ilae p`saMskrNa Sai@t
AaOr DoTa BaMDarNa daonaaoM @laa]D maoM ]plabQa hao sakto hOM.[sako Alaavaa¸
@laa]D knaoi@TivaTI ko karNa ]pBaao@ta iksaI BaI iDvaa[sa sao maoTavasa-
ka ]pyaaoga kr sakto hOM.
[ -º[ -º[ -º[ -º[ -º 5jaI [kaoisasTma: ma oTavasa - ko ilae ek AavaSyakta5jaI [kaoisasTma: ma oTavasa - ko ilae ek AavaSyakta5jaI [kaoisasTma: ma oTavasa - ko ilae ek AavaSyakta5jaI [kaoisasTma: ma oTavasa - ko ilae ek AavaSyakta5jaI [kaoisasTma: ma oTavasa - ko ilae ek AavaSyakta

maoTvasa- kI klpnaa BaaOitk AaOr iDijaTla duinayaa kI ek sahja
ekIkrNa ko $p maoM kI gayaI hO̧  jahaM ]pyaaogakta- ApnaI phcaana yaa
DoTa Kaoyao ibanaa ivaiBanna PlaoTfa^maao-M AaOr ]pkrNaaoM ko baIca GaUma sakto

hOM.[sa dRiYTkaoNa kao saakar krnao ko ilae ek
]cca gait¸ kma ivalaMbata AaOr ivaSvanaIya naoTvak-
bauinayaadI Z,aMcaa AavaSyak hO.5jaI naoTvak- kI
phlaI pIZ,I haogaI jaao saflatapUva-k maoTavasa- ka
samaqa-na krogaI AaOr ApnaI ]cca ivaSvanaIyata¸ kma
ivalaMbata¸ toja gait AaOr ]cca xamata ko karNa
iDijaTla Sabdao M kao saMcaailat krnaa saMBava
banaayaogaI.5jaI maoTavasa- ko ilae ek AavaSyakta
hO̧  @yaaoMik yah naoTvak- p`dSa-na¸ skolaoibailaTI AaOr
lacaIlaapna p`dana kr sakta hO jaao ek samaRw
AaOr yaqaaqa-vaadI AaBaasaI duinayaa ko ilae AavaSyak
hO.

5jaI maoTavasa- maoM ha[-–DoifinaSana vaIiDyaao sT/IimaMga¸ @laa]D gaoimaMga¸ saMvaiQa-t
vaastivakta AaOr AaBaasaI vaastivakta jaOsa [maisa-va AaOr [MTrOi@Tva
AnauBavaaoM kao saxama kr sakta hO.5jaI ]pkrNaaoM AaOr saoMsaraoM kI baD,o
pOmaanao knaoi@TivaTI ka BaI samaqa-na kr sakta hO ijasasao BaaOitk duinayaa
kao p`itibaMibat krnao vaalao smaaT- vaatavarNa AaOr iDijaTla jauD,vaaM ko inamaa-
Na kao saxama ikyaa jaa sako.5jaI naoTvak- laa[saoMisaMga ka ]pyaaoga krko
ek samaip-t eMD TU eMD naoTvak- saMsaaQana p̀dana krko̧  maoTavasa- maoM ]pyaaogakta-
AaoM ko AnauBava kao BaI baZ,a sakta hO.5jaI maoTavasa- kI pUrI xamata kao
Analaa^k kr sakta hO AaOr navaacaar¸ sahyaaoga AaOr manaaorMjana ko ilae
nayaI saMBaavanaaAaoM kao saxama kr sakta hO. 




