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EXECUTIVE SUMMARY
The global mobile data traffic has increased considerably
during the last few years. As per an assessment by the
International Telecommunication Union (ITU), the global mobile
data traffic is expected to grow to 607 Exabytes (EBs) per month
by 2025 and 5016 EB by 2030. The amount of data traffic per
subscriber is expected to be around 39 EBs by 2025 and about
257 EBs by 2030 (https://www.itu.int/pub/R-REP-M.2370). The
main drivers of the dramatic growth in data traffic are
connectivity devices such as Customer Premise Equipment
(CPE), AR/VR devices, tablets/ laptops, smartphones, connected
vehicles, surveillance cameras etc. The volume of connected
devices is also expected to see an exponential growth, and
these include machine-to-machine (M2M) devices among
others. The data rates and the service diversity that can be
supported by 5G networks is unlikely to sustain the enormous
data traffic explosion. This has motivated research and
preliminary work on what is termed as the 6G wireless
communications networks.

5G design has been primarily motivated by what is termed as eMBB (enhanced mobile
broadband) and is still
mobile/smart phone-centric with an afterthought to
accommodate IoT devices. In 6G, it is anticipated that Smart phones will only be one of
the device types; CPEs, Cameras, AR/VR devices, IoT devices (Industrial, civic etc.) and
other device categories will be more predominant than smart phones. From a network
perspective, till 5G, the predominant business model has been the B2C model i.e., the
operator will sell SIM cards to end customers directly but in 6G, it is anticipated that B2B
will be the predominant business model.

Considering the new emerging business requirements and data consumption modes
(through a host of device types), 6G will have to address following key requirements that
can address the new business models, one will be through the major changes in the
network architecture to support B2B business models over and above B2C and the
second will be enabling support for heterogeneous device types that come with different
OTT or non-OTT based data consumption models. Issues around Open RAN and
intelligence natively in the network architecture will also have to be addressed by design
instead of as an afterthought. Yet another category of requirements should address
sustainability / energy consumption requirements to cater to the sovereign
commitments towards carbon reduction commitments and reduce the OPEX for the
maintenance of such networks.

ITU-R has initiated work on developing a recommendation on the vision for IMT for 2030
and beyond to address the “Motivation on driving factors for future technology trends
towards 2030 and beyond” and to drive the direction of 6G technologies. TSDSI has
contributed to the ITU-R draft document ITU-R M. [IMT.VISION 2030 and BEYOND]
document.
TSDSI has adopted a two-pronged strategy for its “6G” journey:

Steer research in India
to serve its 6G goals

Continue engagement with global
standard bodies for harmonization
of efforts including ITU WP 5D.

TSDSI began deliberations in this area through an introductory workshop on “Telecom
Technologies for the next Decade” on 29th January 2020. A Technical Report on “6G:
Use cases, Requirements and Enabling Technologies TSDSI TR 6017 V1.0.0
(https://members.tsdsi.in/s/AGsLX77GtkMx9Y4) has been published by the Networks
Study Group of TSDSI.
This document gives a summary of the TSDSI Vision for 6G and study outcomes of the
above mentioned Technical Report.
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TSDSI 6G Vision

TSDSI’s 6G Vision focuses on 4 key technology pillars:
1. Facilitate a Ubiquitous Intelligent Mobile Connected Society:
This should primarily address the “quality of life
concerns”. It is anticipated that there will be a
proliferation of network types such as Public, Private,
Enterprise/ Industrial wireless networks,
application-specific specialized networks (broadcast
networks as an example) and IoT / sensor networks.
These networks could be based on different radio
access technologies. Interoperability of these
technologies will be critical to enable a ubiquitous
intelligent, connected/ compute environment – where
diverse networks, applications, use cases (health care,
education etc.) and organizations are connected. The
networks should cater to very high bandwidth
demanding applications such as holographic
communications, digital twins and for applications
that consume extremely low bandwidths.
2. Bridge the Digital Divide:
Access and Affordability of technologies is a key parameter for bridging the Digital
Divide across regions, gender and communities. “Affordable network deployment
options” are the key enablers that can help bridge the digital divide through:

Composable networks that
can be deployed in parts and
for specific services.
A large variety of device
categories to bring down the
cost of ownership and specific
access types

Reduced cost of spectrum access
through enablers such as Spectrum
Sharing / simultaneous spectrum
use technologies.
Energy efficient to be able to
work in power starved
scenarios/enhance lifespans
of self powered devices.

3. Personalize/localize services:
As home access, network capabilities, and edge device capabilities are enhanced,
there is an opportunity to personalize services like never before. It is important for
personalization of services to be a key focus area. Technologies that can enable
personalized services include the use of EDGE systems, use of distributed
connectivity / compute environments and use of native “Artificial Intelligence”.

4. Native support for data ownerships and hierarchies:
Personal data protection is becoming important and nations, nation-states,
Government and private enterprises are realizing the importance of data generated in
the said geographic locations, institutes or enterprises. Data Ownership granularity
spans from personal data, enterprise or group data, and organizational data to data
considered as national assets (data that is not allowed to leave the geographic
boundaries). It is important that any future network technology should consider the
intrinsic data hierarchies and security aspects including providing the desired
mechanisms for nation states to enforce specific security measures.
The figure below shows a schematic diagram of moving towards the future 6G networks.
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ITU – IMT for 2030 and
beyond - A Step Towards 6G

https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/Pages/wsp-imt-vision-203
0-and-beyond.aspx
ITU-R Working Party 5D (WP 5D) held a full-day Workshop on “IMT for 2030 and
beyond” on 14 June 2022 in the development of a new Recommendation
addressing IMT for 2030 and beyond. The IMT 2030 Vision and technology trends
documents are in progress. The ITU timelines for IMT 2030 requirements and the
recommendation are provided in the following diagram:
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(https://www.itu.int/dms_ties/itu-r/oth/0a/06/R0A060000C80001PDFE.pdf)
The ITU Phase 1 of the IMT 2030 activity covers the Vision, Technology Trends, Spectrum aspects
and the usage Scenarios; Phase 2 covers the technical performance requirements and
evaluation aspects; and Phase 3 mainly covers the IMT 2030 recommendations. TSDSI
continues to contribute towards the IMT 2030 efforts.
3GPP Release 18 defines the standardization related to 5G Advanced systems. 5G Advanced
is expected to provide the directions for the 6G system. As per Ericsson industry projections
(https://www.ericsson.com/en/reports-and-papers/white-papers/5g-advanced-evolution-to
wards-6g), 6G studies may start from 3GPP Rel 20 followed by 6G standardization in Rel 21.
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6G Use Cases &
Enabling With Technologies

A few important use cases are listed in the table:

Ubiquitous connectivity /
compute Experience

Collaborative network / compute entities
assisted by semantic interoperability interfaces allowing
for integration of smart city platforms, macro networks,
private networks, cyber physical entities, private verticals,
aerial network / compute entities and
possible intermediaries

Enabling Smart Villages / remote
area accessibility including
e-health and education

1. Unique coverage requirements,
use of non-terrestrial systems.
2. Remote medical assistance for humans & farm animals,
Digital replica to enable remote surgery.
3. Dynamic weather monitoring and warning systems

Automated Transportation

1. Enable Guided Automated Road
Transportation mechanisms
2. Improve safety, relieve congestion, and increase
speeds for intercity travel.

Industrial Internet/ Tactile Internet

1. Ultra-low end-to-end communication latencies
2. Hyper reliability

Immersive Interactive Experience

1. VR, AR, and mixed reality (MR) experience aimed at
entertainment, medicine, science, education, and
manufacturing industries

Supply chain and logistics

1. Ultra-low indoor/outdoor positioning latencies for
tracking in real time.

Surveillance for industries and
civic crime control

1. Crowd management
2. AI/ML based crime prevention

Native AI and ML in networks

1. Local AI at device
2. AI in the network, AI for the network, AI in the
cloud aimed at personalization, security and
network self-management use cases

Following is a list of Key technology enablers for 6G:

New Radio Interfaces

Coverage enhancements

1. New waveform for sub-THz communication
(OTFS, OAM)

1. IRS for improved indoor coverage of
mm wave and THz links.

2. Advanced modulation and coding schemes

2. Hybrid network with RRHs and IRS for
better interference control and network
coverage with less Tx power

3. Co-frequency Co-time Full Duplex (CCFD)
and In-Band Full Duplex (IBFD)
4. Visible light communication

Combined communications
and Sensing technologies

Native AI/ML in radio
interface technologies

Sensing capabilities in communication networks
are expected to enable new use cases from
object identification in the path of direct
propagation (spatial monitoring of interest),
rapid beam steering, UAV monitoring etc.

1. Cognitive radio, Protocol design,
Native, AI assisted air interface

Enhance privacy and security
1. Blockchain-based spectrum sharing,
Quantum Communications and Computing

2. N/W arch designed for Layer 1/PHY

Integrated terrestrial and
non-terrestrial communications
1. Enhanced Mobile Broadband (LTE/NR) over NTN

2. Secure AI systems

Energy efficiency and sustainability

1. Zero-energy IoT Technologies, energy harvesting
2. Near zero-powered endpoints
3. Use of Renewable Energy and Green Technologies

Explore new spectrum
management mechanisms
While the millimeter wave bands and Terahertz
bands are expected to provide the necessary
bandwidth to create high-capacity carriers,
mid-bands are expected to be the mainstay for 6G
especially when considering coverage issues.
To facilitate re-use or co-use of spectrum, a
combination of more antenna elements (Super
Massive MIMO) and self-interference handling
capabilities will be critical
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6G – Setting a new direction from
the previous generations

For any generation of technology, a few use cases always take the lead as anchors
which should be different from the ones being discussed or addressed partially in
earlier generations. We list a few of such use Cases:
A. Holographic Communication & Digital Replica
With advances in high-resolution rendering and wearable/flexible displays, devices will
be able to render media for 3D hologram displays. A Hologram is a next generation
media technology that can present gestures and facial expressions by means of a
holographic display. To provide hologram display as a part of real-time services,
extremely high data rate transmission, hundreds of times greater than the current 5G
system, will be essential. For example, 19.1 Giga pixel requires 1 terabit of data
transmission rate per second (Tbps). A hologram display over a mobile device (one
micrometer pixel size on a 6.7-inch display, i.e., 11.1 Giga pixel) form-factor requires at
least 0.58 Tbps. Moreover, support of a human-sized hologram requires significantly a
large number of pixels (e.g., requiring several Tbps). The peak data rate of 5G is 20 Gbps.
5G cannot possibly support such an extremely large volume of data as required for
hologram media in real- time. New data encoding techniques will of course take a part
of the burden but the magnitude of throughput requirements for 6G should be clear
with such a use case.
With the help of advanced sensors, AI, and communication technologies, it will be
possible to replicate physical entities, including people, devices, objects, systems, and
even places, in a virtual world. This digital replica of a physical entity is called a digital
twin. A digital twin could be a representation of a remotely controlled set of sensors and
actuators. A user’s interaction with a digital twin can result in actions in the physical
world. With the help of AI, digital replication can help in the management of real-world
problem detection and mitigation. Again, for example, to duplicate a 1 m x 1 m area, we
need a Tera-pixel, which requires 0.8 Tbps throughput assuming periodic
synchronization of 100 ms and a compression ratio of 1/300.

Figure: Digital replica: bridge the real and Virtual world
b.Source: TSDSI Technical Report “6G: Use cases,
Requirements and Enabling Technologies” (TSDSI TR 6017 V1.0.0) - Figure 3.5Leveraging

B. Leveraging AI / ML:
A critical enabling technology for achieving new use cases will be by
embedding “intelligence” across the network stack. AI, which includes
reasoning, knowledge representation, learning, perception etc. relies on
quality data. More the data, better it is as data always needs to be analyzed
in a context. 6G architecture should natively support ubiquitous computing
to enable true intelligence. In 6G, computing and intelligence services shall
become an integral component of the network and network automation.
The ability to analyze the data from a small locality or at hyper-local levels
always works better for “intelligence engines” to arrive at inferences
through what is termed as “specialization” which contrasts with
“generalization” which is an extrapolation to a larger context. As an example,
the behavioral patterns of a person can be better inferred by analyzing the
local context. This is critical to achieve AI-enabled networking for 6G and
specifically to cater to use cases of personalization. This intrinsic factor of
AI/ML forces a certain network architecture which is distributed and
hierarchical.

UE

BS

Core
Network

Application
Server

Local AI

Local AI

Local AI

Local AI

Joint AI

Joint AI
End-to-End AI
Comprehensive AI

c. Source: TSDSI Technical Report “6G: Use cases,
Requirements and Enabling Technologies” (TSDSI TR 6017 V1.0.0) - Figure 3.9Distributed

Distributed Open Architecture
(Radio and Core)
From a network perspective till the 5th
Generation wireless cellular networks, the
predominant business model has been the
B2C model i.e., the operator will sell SIM cards
to end customers directly but in 6G, it is
anticipated that B2B will also have to be a
predominant business model. To support B2B
models, the architecture of traditional cellular
networks i.e., radio nodes connected to a core
network without much hierarchies will have
to be questioned.
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Source: TSDSI White Paper on
Feasibility of Open Source for 5G

As discussed under leveraging AI/ML in 6G networks, distributed and hierarchical network
architectures are inevitable, but it needs to be emphasized that such architecture will
have to be supported by native OPEN interfaces. Open interfaces between networks will
have to be natively built and should be one of the key requirements for 6G, not so much
an afterthought as in 5G and with all of the Open RAN initiatives.
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Conclusion

While 5G design is motivated by providing
mobile broadband access, 6G is expected
to focus and provide network access to a
variety of heterogeneous devices with
smart phone being one of the supported
device types. From a network perspective,
B2B business model is expected to
emerge as the primary model unlike 5G
which is still largely based on B2C model
for the operators by providing SIMs to its
customers. Moreover, the network will not
be pure data pipe, rather it will have its
own intelligence and processing power to
process a subset of the data enabled by
native AI/ML support in the networks.

To encourage the changing business models,
alleviate monetization challenges faced by
operators and meet the expectations of new
end user scenarios by 6G, one central theme
that emerges is the emphasis on the network
architecture which should be distributed and
hierarchical with computing as a native part of
the network. This is likely to emerge as the
central theme for 6G while the other
enhancements such as further reduced
latencies,
further
enhancements
in
throughputs etc. are investigated. TSDSI is
carrying out further technical activities in
potential technology areas and spectrum
aspects for 6G.
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