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Lecture Contents
1. Introduction to Mobile and Wireless  Networks

a. Examples of 1st G
b. Examples of 2nd G
c. Examples of PCS networks
d. Examples of mobile data services and WLANs
e. Introduction into 3rd G
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First Generation Wireless 
Standards
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source: chapter one of (1) 
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First Generation Wireless 
Standards 
• AMPS: Advanced Mobile Phone System
• TACS: Total Access Communication System
• E-TACS: Enhanced TACS
• NNT: Nippon Telephone and Telegraph
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Second Generation Wireless 
Standards 
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Moe Rahnema, “Overview Of The GSM System and Protocol 
Architecture,” IEEE Communications Magazine, April 1993, pp. 92-100.
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Second Generation Wireless 
Standards (2)
• GSM: pan-European digital cellular

• Channel bit rate of 270 kb/s – higher than the rest
• GPRS – based on GSM technology

• IS-54: North American interim standard 
• Later became IS-136
• Uses the same band and carrier spacing  as AMPS 

(gradual deployment)

• JDC: Japanese Digital Cellular
• IS-95: Based on CDMA technology
• Voice coding ~ 10 kb/s for all systems
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Personal Communication Services 
(PCS)
• Intended for residential applications
• Support smaller cell sizes lower power levels
• Zonal coverage
• Low (~ 10 m) height antennas
• Higher quality of voice service – better grade of service 

(99% availability)
• Mostly use TDD
• Less efficient modulation techniques 
• Non-coherent (simple) transmit/receive systems

Donald Cox, “Wireless Personal Communications: What Is It?,” 
IEEE Personal Communications Magazine, April 1995, pp. 20-35

2/15/2004 Dr. Ashraf S. Hasan Mahmoud 8

2nd Generation PCS
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2nd Generation PCS Standards
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Mobile Data Services 
• Provide moderate data rates (10s of kb/s) and wide 

coverage area access to packet-switched data networks
• CDPD utilizes the AMPS bands –
• ARDIS, CDPD, and Mobitex designed (before the 

internet proliferation) optimized for coverage and 
availability and not bit rate

• GPRS and Metricom (relatively newer) support higher bit 
rates

• Employ data sense multiple access (DSMA) and ALOHA-
like protocols 
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Mobile Data Services (2)
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Mobile Data Services (3) -
References

• R.R. Quick and K. Balachandran, “Overview of the 
Cellular Digital Packet Data (CDPD) System,” 
Proceedings of the PIMRC’93, Yokohama, Janapan
(1993), pp. 338-343.

• A. DeSimone, S. Nanda, "Wireless Data: Systems, 
Standards, Services," ACM Wireless Networks, V. 1, N. 
3, (October 1995), pp. 241-253. 

• Vijay Garg and Joseph Wilkes, Wireless sand Personal 
Communications Systems, Chapter 14.

• M. Khan, J. Kilpatrick, "MOBITEX and Mobile Data 
Standards," IEEE Communications Magazine, (March 
1995), pp. 96-101. 
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Wireless LAN Standards 
• WLANs provide high bit rates (> 1 Mb/s)
• Local area coverage (< 100 m)
• Operate mostly in the unlicensed bands (e.g. 

ISM)
• IEEE 802.11 and HIPERLAN-1 2G
• Rest – OFDM-based next generation
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Wireless LAN Standards (2)
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IMT-2000
• The primary standard for 3G networks is 

referred to as International Mobile 
Telecommunication beyond the year 2000 
(IMT-2000)

• Goals:
• Higher data rates – multimedia applications
• Higher spectral efficiency

• ITU-R received many candidate proposals for 
radio transmission technologies (RRT)
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IMT-2000 Requirements
• Improve voice services
• Provide packet data services – IP-based traffic and 

real-time video
• Provide seamless incorporation into 2G and satellite 

networks
• Support 144 kb/s for outdoor applications
• Support 2 Mb/s for indoor applications
• Symmetrical and asymmetrical data transmission
• Simultaneous services for multimedia applications
• Global roaming between different operational 

environments
• Etc.
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IMT-2000 Technologies
• IMT-2000 Technologies:

1. IMT-DS (direct spread): W-CDMA
2. IMT-MC (multicarrier): cdma2000 aka IS-2000: 

• Deployed in phases (cdma2000 1x, 1x EV-DO, 1x EV-DV, 
3x, etc.)

• Packet core network (PCN) – key component
3. IMT-TC (time-code): UTRA (TDD) and TD-SCDMA 

(FDD)
4. IMT-FT (frequency-time): DECT

• system for cordless business communication
5. IMT-SC (single carrier): TDMA 

• UWC-136 (D-AMPS) or EDGE)
UTRA: UMTS Terrestrial Radio Access
TD-SCDMA: Time-Division Synchronous CDMA
UWC-136: Universal Wireless Communication
EDGE: Enhanced Data rates for GSM Evolution
GSM MAP: GSM Mobile Application Part
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IMT-2000 Technologies

Source: ITU-IMT-2000project.pdf
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The Air-interface Specification for 
3GPP’s Proposals
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The Air-interface Specification for 
3GPP’s Proposals
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Beyond 3G – Enabling 
Concepts/Technologies
• Ubiquitous services and paradigm change

• Ultraconnectivity
• Flexible networks

• Smart spectrum and dynamic spectrum assignment
• Smart resources

• Adaptive resource management
• Dynamic layers and fast adaptation
• Software radios and smart radios
• Advanced adaptive waveforms (modulation and coding) and physical layer
• Quality of service (QoS), adaptive networks, and universal access nodes

• Advances in DSP hardware - Software Radio
• Intellegent Antennas (v.s. Smart Antennas):

• Narrow beam technologies: switched vs. steered
• Adaptive processing – combining
• Space-time coding (BLAST)

• MIMO
• TTLNA: superconductor power amplifier with low noise figure
• Multi-user Detection: non-linear detection method

concepts
Technologies
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Beyond 3G – Ultraconnectivity
(Multi-networks)
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Beyond 3G – Pushing the Envelope
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Metrics
• Capacity:

• Number of users (voice – data)
• Data could be circuit switched or packet switched

• Efficiency
• Bits/sec/Hz
• Erlang/m2/Hz voice only at a give GOS
• Internet traffic ?
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