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Three Decades of Disruption: How Mobile Networks Redefined Everything
From 2G's voice calls to 5G’s hyper-connectivity, mobile networks have reshaped
global communication in just three decades. Each generation pushed the boundaries
of innovation, transformed billions of lives, and profoundly reshaped industries and
economies. Every new "G" delivered faster speeds, broader coverage, and lower
costs—while fundamentally altering how people and industries communicate and

operate.
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What began as simple cellular voice with 2G rapidly evolved through 3G’s mobile
internet era and 4G's broadband revolution, leading to 5G's vision of a connected,
intelligent future. Looking ahead, 6G is expected to deliver unprecedented terabit
speeds and seamless global coverage, redefining connectivity on a scale never seen
before.

While 2G and 3G laid the foundation for mobile communication, 4G and 5G enabled
data-driven and real-time applications, 6G promises transformative use cases like
holographic communication, ubiquitous Al integration, immersive digital-physical
convergence and truly global coverage. Yet this progress comes with challenges. The
increasing complexity and cost of infrastructure, particularly for 5G and 6G,
underscore the urgent need for innovative solutions that ensure equitable global
access and sustainable growth.

Mobile Networks' Paradox: Exponential Efficiency Gain Vs. Soaring Investment
Costs

Each generation from 2G to 5G has built upon the last, addressing previous
limitations and unlocking new possibilities. The Each generation has not only
improved speed, latency, and capacity but has also redefined how we communicate
and consume digital services. They have not only improved speed, latency, and
capacity, but have also redefined how we communicate and consume digital services
(see table below).

The data tells a compelling story:

Adoption acceleration: 2G required ~12 years to reach 1 billion subscribers; 4G
achieved this in 6 years, and 5G in just 4.

Cost per bit collapse: The price per gigabyte has plummeted from ~$10 (2G) to a
projected $0.001 (6G)—a 10,000-fold reduction.

Deployment TCO hike : Despite achieving an extraordinary 10,000-fold reduction in
cost per bit, the sheer volume of data and rapid subscriber growth and infrastructure
complexity have driven up deployment costs by a factor of at least 3 to 5 — or even
more.

This evolution has spurred unprecedented economic growth, fostered new industries,
and fundamentally reshaped social interactions but these advances have come with
their own set of challenges. The soaring cost of deploying new generation put
intense pressure on telecom operators and policymakers to ensure sustainability and
profitability. Telecom stakeholders need to adapt strategies, optimize investments,
and unlock the full potential of future networks.



6G and Beyond: Redefining Reality, Connectivity, and Control

As we move towards 6G, with Al-driven networks, ultra-low latency, and terahertz
speeds pushing the boundaries of what's possible, one thing is clear: the next leap
isn't just about more speed or coverage. It's about reimagining what's possible when
the lines between our physical and digital worlds, human and machine, reality and
simulation, blur. Networks will become intelligent, global platforms and business
and operational models will be profoundly transformed.

6G promises to be more than just a faster, lower-latency network. It's an opportunity
to reimagine connectivity as a foundational platform for the future economy, society,
and human experience. 6G will continue to redefine what mobile communication can
achieve and set the stage for an era of pervasive intelligence and seamless human-
machine interaction.

The journey of mobile technology has been a testament to relentless innovation,
transforming mobile phones from simple communication devices into indispensable
tools for nearly every aspect of life. Yet 6G's implications run deeper. The next
generation of mobile technology won't be just about upgrading networks or
increasing speeds. It will be a powerful force in shaping society, intelligence, and
even the way we define reality and ultimately, control!

But a fundamental question remains: who will control the future of connectivity?
Governments, corporations, or will Al systems themselves become the architects of
our digital existence? We're not just upgrading mobile networks. We're rewriting the
rules of human connection — and the consequences will be profound.



Parameter

Deploy ment Start Date

Key Technologies

Primary Use Cases

Early 19505 (G5M) -
Firland in 1930

G5M, COMA

Voice, SM5

Early 20005 (UMTSANCDMA]) -
Japan in 2001

WCDMA, CDOMAZ000

Mobile web, email,
basic videa/streaming, MMS

~Early 20105 (LT -

Sweden/Monway in 2009, USA 2010

LTE, OFDIA

HD Video, OTT apps, sodal m edia,
ValP, 1aT [2arly)

Early 20205 (5G NF] -
South Korea / USAin 2019

mmWave, Massive MIMO, Edge
Computing, 5G NSA/SA

Enhanced mobile broadband, 1oT,
Autonomous Vehicles, Smart
Cities

6G (expected)
~2030 (com mercial rollouts
expected) -
Country: 7
AlML native core, Quartum
Communications, Terahertz waves
[100+ GHz), RIS (Reconfigurable
Intelligent Surfaces)

Immersive ¥R, Holographic
communication, Digital Twirs, Al-
integrated services, 5G+ laT,
Sensing

Core Frequency Bands

Spectrum Efficiency
[ Bits/Hz/cell)
Device Density
[ Devices/km)
Peak Data Speed
[Theoritical)
Latency

Backhaul Evolution

850, 900,1800, 1900 MHz

01
10K

9.6 - 144 Kbps (GSM)

~500ms (300-1000 ms)

E1/T1 (TOM)

850,900, 1900, 2100 MHz

05

S0K

2 Mbps [UMTS),
uptod2 Mbps (HSPA+)
~100ms [100-300 ms)

Transition to IP

700 MHz - 26 GHz

3

100K

Up to 1 Gbps [LTE-A Pra)
~30-50ms [30-50 ms)

Fibre-based IP badhaul

Sub-6 GHz (3.5 GHz low/'mid-
bandj,

mmWave [24-40+ GHz)

]

M
Up to 10 Gbps (eMEE)
1-5ms (eMEE), 1 ms (URLLQ)

Ultra-high capacity, dynamic
slicing

Sub-THz (100-300 GHZ,
Visible Light (VLG

20+
10M=+
Upto 1Tbps

Sub-millisecond [ ~0.1ms), <100
s

Optical/ quantum backhaul, Al-
managed

Adoption to 1B Subs

Global Sub & Penetration
[before new G amrives)

~10-15 years for global reach

~12years [y 2004)
~0.5 B [~0.08% penetration)

~10-12 years for gobal scale

~10years (by 2011)
~ 0.9 B [~13% penstration)

standard within 5-7 years

~6 years [by 2015)
~5.5 B(~6EE: penstration)

Global adoption cortinues

~4 years (by 2023)
~6 B(~%70 penetration) -
expected by end of 2030

Coverage ‘Wide area / Macro cells (strong | Initially limited, urban-focused  Broad [urban & rural) Highin dense urban, patchy Ubiquitous, pervasive, integrated
rural penetration) elsewhere physical & digital space,
mmWave [range challenge) [Limitation: THz propagation
issues)
Sustainability/Power Lowfoous Better - But still signifiart Improved efficiency (LTE-4) G Designedfor carbon neutrality
Energy Efficiency (Bits/Joule] 1 5x 50 100X 000K
Subscriber Growth Duration  Slow Moderate Fast - became dominant global Rapid initial uptake inurban areas, Expected rapid: Growth tied to

advanced applications & industry
trarsformation

Potentially faster [projeded)

7

Business Models

Major Challenges

WVoice-centric subscriptions

Seaurity, low data

Data-centric with incremental
woice

Spedrum costs, slow initial data
speeds, Killer application global
roamingissues

Data monetization, OTT impact

Spectrum availability, backhaul
capacity, nebwork complexdty,
fragm ertation aross standards

Frivate networks, slidng

High deployment costs
[dersifiction], spedrum

av ailability, security, energy
consumption, ensuring QoS for
diverse services, mm\Wave
COVerage

Global Sub & Penetration  ~04 B [~4.5%) ~05B(~57%) ~5.6 B (~62%) ~2.3 B[~26%9 -
[endof 2024)
Cost / Bit Highest (~510/GE) High[~51/GE) Medium [~%0.10/GE} Low [~50.01/GB ) Lowest ($0.001/GE [ prgected))
Deployment TCO Moderate, vaice-centric High (new spedtrum, data infra)  Higher [IP backhaul, LTE upgrades)  Very high (dense small cell infra)  Very high [&l-native], satellite
[relative) infrastructure [3-4x cost 2G's) [2-3x cost 3G5's) [4-5x% cost 4G's) integration

Al-driven ecosystem s, dynamic
marketplaces

Scientific breakthroughs needed
[THz trars ceivers), standardization,
sequrity, privacy, energy
corsumption, ethical implictions
of pervasive Al/sensing.

A Comparative Analysis from 2G to 6G




