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Abstract - Mobile phones have changed a lot since the first one came out for everyday use in 1983. These changes
are grouped into "generations" based on better tech, features, and ways devices connect. This paper looks at how
these generations have grown, beginning with 1G. It used old-style analog signals and a method called FDMA to
handle just voice calls at a very slow 2.4 kbps. Next came 2G, which switched to digital signals with techniques like
TDMA and CDMA. This allowed text messages (SMS), simple data sharing through things like GPRS and EDGE,
and better use of signals up to 64 kbps. 3G brought big improvements with WCDMA, reaching speeds of up to 2
Mbps. People could make video calls, surf the web faster, check emails, and use basic apps, making internet on
phones more common. 4G stepped up with LTE and WiMAX, using internet-like IP setups for speeds from 100
Mbps to 1 Gbps. It made smooth video streaming, online games, cloud storage, and doing multiple tasks easy.
Today, 5G from the 3GPP group gives super low wait times, speeds of 10-100 Gbps, and stronger safety features.
But it has issues like using more battery and needing expensive setups. In the future, 6G could mix in satellites for
worldwide reach, tiny 1-microsecond delays, and super high frequencies in the terahertz range. 7G might go further
with smooth connections in space, satellite orbits, and blazing fast data using OFDM and FEC for things like real-
time HD video shares. The paper compares things like speed, signal sharing methods, main networks, and switching
between connections. It also talks about problems, like weak security in old versions and big hurdles for new ones
still in testing.
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1. INTRODUCTION

Mobile communication has evolved from a luxury for voice calls to an indispensable utility for global connectivity,
driving social interaction, economic activity, and technological innovation. This progress is segmented into
generations, each representing a paradigm shift in technology, capabilities, and user experience. Each new
generation is characterized by higher data rates, reduced latency, improved spectral efficiency, and the introduction
of new services. This paper provides a comprehensive overview of this journey, detailing the specifications,
advantages, and drawbacks of each generation from 1G to the futuristic visions of 6G and 7G.

2. THE GENERATIONAL EVOLUTION
2.1 First Generation (1G): The Analog Voice Era

Launched commercially in the 1980s, 1G introduced the world to mobile telephony using analog signals. It was
designed exclusively for voice communication.

2.1.1 Technology

Based on Analog wireless technology like Advanced Mobile Phone System (AMPS).

2.1.2 Multiple Access

Used Frequency Division Multiple Access (FDMA), which allocated a specific frequency channel to each call.
2.1.3 Performance

Offered a very low data rate of up to 2.4 kbps.

2.1.4 Core Network

Relied on the traditional Public Switched Telephone Network (PSTN).
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Suffered from poor voice quality, no security (calls could be easily intercepted), inefficient use of spectrum, and no
support for data services.

Table-2.1 1G Specifications

Parameter Specification
Deployment Period 1970-1984
Frequency Band 800 - 900 MHz
Data Rate Up to 2.4 kbps
Technology Analog Wireless
Standard AMPS
Multiplexing FDMA
Core Network PSTN
Key Service Voice Only

2.2 Second Generation (2G): The Digital Revolution

2G marked the transition from analog to digital transmission, significantly improving security, efficiency, and
enabling new data services.

2.2.1 Technology

Digital cellular technology like GSM (Global System for Mobile Communications), which used TDMA, and IS-95,
which used CDMA.

2.2.2 Multiple Access
Time Division Multiple Access (TDMA) and Code Division Multiple Access (CDMA).
2.2.3 Enhancements (2.5G - 2.75G)

Evolutionary steps like GPRS (General Packet Radio Service) and EDGE (Enhanced Data rates for GSM Evolution)
introduced packet-switching, enabling basic internet access, email, and MMS with speeds up to 473 kbps.

2.2.4 Core Service
Digital voice and the immensely popular Short Message Service (SMS).
2.2.5 Limitations

Limited data rates made complex data transfer (e.g., video) difficult. Performance was highly dependent on signal
strength.

Table-2.2 2G Family Specifications

Generation 2G 2.5G (GPRYS) 2.75G (EDGE)
Data Rate ~10 kbps Up to 200 kbps Up to 473 kbps

Technology Digital Cellular GPRS EDGE

Multiplexing TDMA, CDMA TDMA, CDMA TDMA, CDMA
Switching Circuit Packet Packet

Key Service Voice, SMS MMS, Basic Web Enhanced Web Access

2.3 Third Generation (3G): The Dawn of Mobile Broadband

3G was a true revolution, designed to provide high-speed internet access and support multimedia applications on

mobile devices.
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2.3.1 Technology

Utilized Wideband CDMA (WCDMA), UMTS, and CDMA2000.

2.3.2 Performance

Offered speeds from 384 kbps to 2 Mbps, eventually evolving to HSPA+ with speeds up to 30 Mbps.
2.3.3 Services

Enabled video calling, mobile TV, GPS navigation, and seamless web browsing.

2.3.4 Core Network

Shifted towards a packet-switched network.

2.3.5 Limitations

Early 3G speeds were still insufficient for high-definition content, and battery consumption was high.

EVOLUTION OF CELLULAR STANDARDS
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GSM, GPRS WCDMA, LTE,
CDMA CDMA2000 WiMAX

Fig. 2.1 Evolution of Cellular Standards
2.4 Fourth Generation (4G): The True Mobile Internet

4G, or Long-Term Evolution (LTE), was an all-IP-based network that provided a genuine mobile broadband
experience.

2.4.1 Technology

Based on LTE and WiMAX standards using Orthogonal Frequency Division Multiple Access (OFDMA) and MIMO
(Multiple Input Multiple Output) antennas.

2.4.2 Performance
Provided speeds ranging from 100 Mbps to 1 Gbps, with very low latency.
2.4.3 Services

Made HD video streaming, online gaming, video conferencing, and cloud computing a smooth experience on mobile
devices.

2.4.4 Handoff

Supported both horizontal (between same type networks) and vertical (between different type networks, e.g., LTE to
Wi-Fi) handoffs.

2.4.5 Core Network
Fully IP-based (Internet).
Table-2.3 1G Specifications

Parameter Specification
Deployment Period 2010 onwards
Frequency Band 2-8GHz
Data Rate 100 Mbps - 1 Gbps
Technology LTE, WiMAX
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OFDMA
Internet (All-IP)

Core Network

2.5 Fifth Generation (5G): The Connected Ecosystem

Developed by the 3GPP, 5G is designed to connect everything, including machines, objects, and devices, with
unprecedented performance.

2.5.1 Key Features

» Enhanced Mobile Broadband (eMBB): Speeds from 1 Gbps to 10 Gbps.
»  Ultra-Reliable Low Latency Communications (URLLC): Latency as low as 1 ms.
» Massive Machine Type Communications (mMTC): Connecting a vast number of IoT devices.

2.5.2 Technology

Utilizes advanced technologies like network slicing, beamforming, and operates in both sub-6 GHz and mmWave
(24-47 GHz) bands.

2.5.3 Challenges

High infrastructure cost, reduced range of mmWave signals, and higher power consumption.

3. FUTURE GENERATIONS: 6G AND 7G
3.1 Sixth Generation (6G)

Expected around 2030, 6G aims to integrate terrestrial, aerial, and satellite networks for truly global coverage.
Vision: Terahertz (THz) frequency bands (95 GHz - 3 THz), Al-native networks, and pervasive sensing.
Performance: Targeted latency of 1 microsecond (us) and peak data rates of 1 Tbps.

Applications: Holographic communication, precision digital twins, and advanced autonomous systems.
Challenge: Integrating different global satellite navigation systems (GPS, GLONASS, Galileo, BeiDou)
for seamless roaming.

3.2 Seventh Generation (7G)

A more speculative concept, 7G is envisioned to establish a unified global standard for seamless interplanctary
communication.
» Vision: Full integration of satellite constellations for ubiquitous coverage, even in remote areas and oceans.
» Technology: Could leverage advanced techniques like Orbital Angular Momentum (OAM) multiplexing
and sophisticated FEC codes for ultra-reliable links.
» Goal: To provide ultra-high-speed data transfer (e.g., downloading 20 GB in a second) and real-time HD
video broadcasting from anywhere on the globe.

Table-3.1 Comparison of 5G, 6G, and 7G

YV VY

Parameter 5G 6G (Projected) 7G (Conceptual)
Data Rate 1-10 Gbps 100 Gbps - 1 Tbps 1+ Tbps
Latency ~1 ms ~100 ps ~1 us
Frequency Band Sub-6 GHz, mmWave THz, Optical THz, Optical
Core Network Internet Intelligent Internet Global Unified Net
Key Feature IoT, URLLC Al Integration, Sensing Seamless Global Coverage
CONCLUSION

Each generation has faced significant challenges. Early generations grappled with security and inefficient spectrum
use. 3G and 4G faced high deployment costs. 5G and future generations confront immense infrastructural
complexity, energy consumption, and the need for global standardization, especially for satellite integration.

In conclusion, the journey from 1G to 5G has fundamentally reshaped society. The progression towards 6G and 7G
promises to further blur the lines between the physical and digital worlds, creating a fabric of connectivity that is
faster, more intelligent, and truly global. The future of mobile communication lies not just in faster phones, but in
building a resilient and intelligent network infrastructure that empowers a new era of technological innovation.
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