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Mobile Networks: 

Fundamentals 

 
• Introduction 

– Market and technological context 

• Spectrum 

– Radio spectrum 

– Radio propagation 

– Regulation 

• Standards 
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The mobile phone revolution 

• 7 billion subscriptions by end 2013 

• 1.6 billion mobile phones sold in 2012 
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1983 2013 

30 years 
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Mobile networks: a society-

changing revolution 

“I'd never handled one before...  

It was so small, and there was no  

mouthpiece..” 

Nobel Prize Winner  

Aung San Suu Kyi,  

13 November 2010  

after speaking on a mobile  

phone to her son following her  

release from house arrest.  

First detained 1989 
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The Development of Mobile 

Networks: The Historical Context 

• 1947-1973 Mobile phone service in Cars 

• 1960s Star Trek shows handheld phones 

• 1973 First handheld mobile telephone 

• 1982 GSM project begins 

• 1987 GSM MoU signed (13 countries) 

• 1990 12 million mobile subscriptions 

• 1991 First commercial GSM (digital) 

• 2012 >6 billion mobile subscriptions  
– Most people have access to mobile phones  
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2000: GSM becomes the 

dominant mobile technology 

GSM

69%

PDC

8%

CDMA

13%

TDMA

10%

Source : EMC World Cellular Database end of 2000 
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GSM Coverage today 

• 700 operators in 218 countries/territories 

• GSM has 84% of the world market and it is still increasing 

• Not bad for an “outdated French standard” 
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Why the enormous success? 

• Market Potential  

–  100 years of telephone 

– 100 000 years of speech 

– Fragmented market in Europe; EU political will 

• Technology - transistor, digital, batteries… 

• System standards agreed internationally 

– CEPT/GSM ->ETSI/SMG->3GPP 

– Interfaces and full system design 
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Mobiles: value to the poor 
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Telephony is an essential 
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Telephone line 

please… 

Image Source: Vodacom 
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21st Century:The telephone goes 

wireless-I 



© Paul Simmons 2013 

13 

21stC: The telephone goes wireless-II 

Source: ITU World Telecommucation/ICT database 
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Communications Media 

Broadcast Point-point 

20th 

century 

Radio Cable 

21st 

century 

Cable  Radio 
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Engineering Problems 

• State problem 

• Analyse problem 

• List possible solutions 

• Compare solutions 

• Develop winner(s)  

• Implement 

• Test 

• Market 

 

Re-iterate 
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Engineering Problem No.1 (EP1): 

Spectrum 

• Specific problem: how to enable 

everyone on earth to use their wireless 

telephones without restriction due to 

limited spectrum? 

• General Problem: How to divide a 

scarce shared resource so that users 

optimally benefit? 
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Electromagnetic Spectrum 

Mobile networks today use the UHF band 
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Radio Bands 

 Terminology subdivides spectrum into logarithmic  
bands with similar characteristics.  

 
 High Frequency: HF – 3MHz – 30MHz 

 Long range communications 

 Very High Frequency: VHF – 30MHz – 300MHz  

 FM Radio 

 Ultra High Frequency UHF – 300MHz – 3GHz 

Mobile Communications, fixed links 

 Super High Frequency SHF – 3GHz – 30GHz 

 Satellite TV; Point to Point Systems (Cellular Backhaul) 
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Radio Spectrum Basics 

 Frequency x Wavelength=Constant (c, speed of light 
~ 3x108 ms-1 ) 

c = f 
 Power ratio L(dB)= 10log10 (P1/P0) 

P1 , P2 measured in Watts(W) 

dBm: power ratio referenced to 1mW (P0) 

0dBm:1mW;  

30dBm: 1W 

 Isotropic Radiator 
 Theoretical antenna type which radiates equally well in all 

directions (has a gain of 0dBi by definition) 
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Logarithms, Bels, dB: revision 

 Logarithmic representation allows: 
 smaller dynamic range of numbers 

 natural to our bodies (eyes, ears..) 

 simpler arithmetic 

10L=P1/P0  

L(B)= log10 (P1/P0) 
With common ratios and engineering precisions, the Bel 

(B) is a bit awkward 

1B (Bel) = 10dB 

L (dB)=10log10 (P1/P0) 
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Channel Capacity 

 Channel Capacity is finite and determined by the 
bandwidth available and the Signal to Noise Ratio. 

 C (bit/s)  Bandwidth B (Hz) 

Shannon-Hartley Theorem: 

C=B log2 (1+S/N)  

S/N: Signal-to-noise ratio (linear) 

 Hence the need for frequency reuse in multiple cells 
to deliver high capacity 

21 
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Log base conversion 

y=bn .....................(1) 

 => logay= nlogab...(2) 

(1) => logby= n ..........(3) 

(2)+(3) => logay= logby.logab.....(4) 

=>logby = logay/logab 

=>log2y = log10y/log102 

=> log2y ≈ log10y/0.3  

 

 
22 
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Radio Propagation 

Power flux density s(W/m2) received at a 

range r(m) from an isotropic radiator 

transmitting pT(W) in free space: 

s= pT /(4r2) 

Log s = log pT - 2log r - log 4  

S(dB)=PT(dB) - 20log r - 11  

or if d in km (d=r/1000): 

S= PT - 20log d - 41  
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Spectrum Basics 

 Frequency x Wavelength=Constant (c, speed of light) 

c = f 
 Channel capacity C (bit/s) ~ Bandwidth B (Hz) 

Shannon-Hartley Theorem: 

C=B log2 (1+S/N)  

S/N: Signal-to-noise ratio 

 Power ratio L(dB)= 10log10 (P1/P0) 

P1 , P2 measured in Watts(W) 

dBm: power ratio referenced to 1mW (P0) 

0dBm:1mW; 30dBm: 1W 
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Antenna Radiation and reception 

• In practice, antennas have transmit and receive 
directivity, and depend on wavelength 
 

 

 

 

 

 
• Directivity represented for Transmit and Receive by antenna 

gains GT , GR  

• Received power is, by the Friis Transmission Equation: 

             pR = pT GT GR 
2
 / (4 r)2
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Plane Earth Loss 

The two rays interfere with each other, due to the  

phase difference at a given wavelength  

 

•pR = [2sin 2 hB hM / r]2 pT GT GR 
2

 / (4 r)2 

 

•Path Loss L(dB) = PT - PR = log (pT / pR ) 

 

hB 

hM 

r 
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Plane Earth Loss; 2-ray model 
Source: Linnartz,  

Philips Research 
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Urban Path Loss 
Source: Linnartz,  

Philips Research 
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Shadowing, reflection and 

diffraction by obstacles 

hB 

hM 

r 

Hata Urban Model: PR = PT + A log hB + B log  -[C-Dlog hB ]log r +E(, hM )  - F 

 

A, B, C, D, F are positive constants; E is a correction factor dependent on 

urban terrain (large urban, suburban..) as well as  and hM  
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Urban correction (Hata Model) 
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Frequency Dependence (Hata Model) 
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The Rain Wall 

Violent rain 

Heavy rain 

Source: ITU 



© Paul Simmons 2013 

33 

Users of UHF band 

• TV 

• Aircraft navigation and landing 

• Radar 

• Fixed network communications 

• Satellite communciations 

• Mobile radio 
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Mobile spectrum:  

invisible gold 
 

• 20th century : broadcast on radio; telephone 
on wires 

• Since 1980s Migration of telephone onto 
radio, broadcast onto fixed 

• Radio uses a common resource: co-
ordination among users 

• Globally co-ordinated by World Radio 
Conference 
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WRC/ITU-R regions 



© Paul Simmons 2013 

36 

Radio Spectrum Regulatory 

Bodies 
• International:  

– ITU (part of United Nations) 

– follows WRC 

– From 2000 uses “IMT/IMT-2000” for “3G” mobile spectrum 

• Regional:  
– CEPT (Conférence européenne des administrations des postes et 

télécommunications) 

• ECC Electronic Communications Committee (formerly ERC 
European Radiocommunications Committee) 

• National:  
– France: ARCEP (Autorité de régulation des communications 

électroniques et des postes) formerly ART(Autorité de 
régulation des télécommunications) 

– USA: FCC (Federal Communications Commission) 
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Direction of Communication 

Network 

Uplink 

Reverse Link 

Mobile transmit 

Downlink 

Forward link 

Network transmit 

Mobile 

User 
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Downlink Uplink 

Frequency Division Duplex (FDD) 

and Time Division Duplex (TDD) 
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Uplink Downlink 

Uplink Downlink 

Frequency 

Time 

FDD 

TDD 
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FDD and Paired Spectrum 
• Frequency Division Duplex (FDD) 

– requires separate frequency channels in uplink and downlink  

– filtering requirements are stronger between duplex channels 
than adjacent channels 

– Thus uplink channels and downlink channels are grouped in 
separate band allocations as paired spectrum with a 
frequency offset 

– Requires fixed up/downlink bandwidth allocations 

– Generally, but not necessarily, equal bandwidth 

– Up and downlink propagation may differ 

– Generally for mobile networks, lower frequency is mobile 
transmit (better propagation); some exceptions 

– Full duplex requires a duplexer: half-duplex FDD (as in 
normal GSM mobiles) does not 
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TDD and Unpaired Spectrum 

• Time Division Duplex (TDD): 
– can operate in a single frequency channel 

– Requires time synchronization with neighbouring cells: 
generally harder than frequency synchronization 

– Requires time synchronisation within cell 

– loss of channel capacity to system time delays 

– TDD channels can be assigned to unpaired spectrum 

– Flexible up/downlink bandwidth allocation 

– Uplink and downlink path propagation similar 

– Traditionally used for small-scale systems, The current 
WiMax standard is TDD, and some countries (e.g. China) 
and companies have been driving it within UMTS and LTE. 
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Mobile Spectrum  

After WRC 2000 
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IMT-2000 Spectrum for “3rd generation” systems MSS: Mobile Satellite System 

PCS: Personal Communication System PDC: Personal Digital Cellular 
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Main GSM frequency zones 

Near Universal Global Coverage (except Japan and Korea) 

leads to Economies of Scale / Global Roaming  
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Antennas, cells and base sites 

Omnidirectional Tri-sectorial 



© Paul Simmons 2013 

44 

Frequency Planning-2 
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Terrain effects on cells 

Image Source: Siemens 

Terrain will impact the exact shape of cells 
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Multiple Access Schemes 

3 users multiplexed in each scheme 

GSM uses all three schemes, but is principally classed TDMA 
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“White Spaces” 

With classic frequency planning, there may be 

possibilities to use the “white spaces” between 

users of spectrum. Examples are various UHF 

“TV White Space” projects. 
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Multipath Effects 

Multipath causes:  

a) Time dispersion of signal 

b) Interference between radio waves (multipath interference) 
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Rayleigh fading 
http://zone.ni.com/devzone/cda/ph/p/id/335 

Frequency hopping protects slow mobiles from Rayleigh fading 
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Frequency Hopping 

Frequency hopping provides:  

1. Frequency diversity: notably protects against Rayleigh fading 

2. Interferer diversity (cf CDMA). Hopping sequences can be designed 

on a cell re-use pattern basis to reduce interference/cluster size 

Source: Mouly & Pautet 
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Spectrum: EP1 Solution 

• Specific problem:  
– how to enable everyone on earth to use their 

wireless telephones without restriction due to 
limited spectrum? 

• Solution:  
– International agreements on spectrum bands 

– Frequency re-use on a cell pattern 

– Efficient modulation of data 

– Multiplexing of users by time/frequency/code  

– All taking into account radio characteristics and 
geographical distribution of users 
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Engineering Problem 2: 

Mobile Network Standards 
• Problem: How to create a market where 

equipment from competiting suppliers can 

successfully inter-operate? 

• Method:  

– Get all potential suppliers and operators to agree 

on standard interfaces 

– Test for compliance 

– Operators only purchase equipment meeting 

standards 
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TIA 

ANSI-41 + CDMA2000 

+ M-IP Architecture 

TTA 
ARIB 

/TTC 

Third Generation 

Partnership Project 

GSM- UMTS-LTE 

3G Standards Partnership Projects 
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Main Standards Bodies affecting 

GSM/UMTS/LTE Mobile networks 
• 3GPP (formerly GSM, SMG):Main standardisation group 

• GCF (Global Certification Forum): Influence on terminal availability, roll-

out 

• NVIOT: Network Vendors Interoperability Testing Terminal and network 

compatibility, roll-out 

• OMA: Open Mobile Alliance: Application Interfaces, market roll-out 

• CEPT (ECC/PT1): Regulatory, spectrum 

• DIGITALEUROPE (formerly EICTA): regulatory from vendor side 

• ETSI subgroups (TFES, MSG) Europe-specific adaptation 

• GSMA (GSM association): Operator co-ordination 

• UMTS forum: Mainly UMTS 

• IETF: IP standards development 

• ITU: International (UN) framework 
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3GPP Scope 

A set of mobile radio  

and network standards. 

 

CM, MM, MAP, 

GTP, CAMEL, 

GUP, IMS… 

Source: 3GPP 
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Structure & Domains of 3GPP 
(2010) 

TSG-CT 

Core Network, 
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CT-WG1 
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Security 

SA-WG2 

Architecture 

SA-WG1 

Services 

CT-WG4 

MAP/GTP/SS 
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Smart card 
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GSM EDGE RAN 

GERAN-WG1 

Radio 

GERAN -WG2 

Protocols 

GERAN -WG3 

Test 

GSM/GPRS 

UMTS+LTE 

RAN-WG5 

Mobile Terminal 

Conformance testing 



© Paul Simmons 2013 

58 

Technical Specifications, 

Standards, Releases, and 

change control 
• 3GPP Technical Specifications (TS) in 

“Releases” 

• Releases:  
– are self consistent sets of TS describing 

operational network features  

– provide developers with a stable platform for 
implementation  

– are produced roughly on a 15-month cycle 

• Correction and completion of TS by change 
requests (CRs) approved by 3GPP 

• Regional/national bodies approve TS -> 
Standards 
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Specification Releases 2011 

# Greyed Releases are closed.. * Figures in brackets are values reported last quarter. 
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Infrastructure  

Vendors 

Standards Influence and 

impact 

Terminal  

Vendors 

Other  

 (Test, Apps,  

Regulators ..) 

Network 

Operators 

3GPP 

Individual vendor influence on the standard is small;  

but each vendor has to comply with the whole applicable standard  
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Standard Changes (Approved 

CRs) per year per Release 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Rel-11

Rel-9

Rel-7

Rel-5
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3GPP meeting participation (delegate-days per month) 

3GPP meeting attendance
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Evolution of participation by region
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Network Standards 

Specification Stages (3GPP, 

ITU..) 
• Stage 1: Service description  

– from a service-user’s point of view  

• Stage 2: Functional design 
– information flows 

• Stage 3: Precise description of the protocols  
– between functional network entities 

– Multi-vendor implementable 

– Bit-level (testable) 

• (Stage 4): Test Specification 
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Inter-release compatibility 

• Both backward and forward 

compatibility are supported by 3GPP 

releases 

• On the radio interface in particular, 

forward compatibility means that 

stringent behaviour is specified for the 

mobile station, e.g. upon receiving 

unrecognized signalling. 

65 
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GSM Specification organization 

Requirements 01 series 41 series 21 series

Service aspects (stage 1) 02 series 42 series  22 series

Technical realization (stage 2) 03 series 43 series  23 series

Signalling protocols (stage 3)  MS - network 04 series 44 series  24 series

Radio aspects 05 series 45 series  25 series

CODECs 06 series 46 series  26 series

Data 07 series 47 series  27 series

Signalling protocols (stage 3) (BSS-NSS) 08 series 48 series  28 series

Signalling protocols (stage 3) intra-NSS 09 series 49 series  29 series

Programme management 10 series 50 series  30 series

Subscriber Identity Module (SIM / USIM), Test specs. 11 series 51 series  31 series

OAM&P and Charging 12 series 52 series  32 series

Access requirements and test specifications 13 series 13 series

Security aspects 33 series

UE and (U)SIM test specifications 11 series 34 series

Security algorithms  55 series 55 series 35 series

LTE 36 series

Multiple radio access technology 37 series

Subject of series 

GSM  

<Rel-4 

GSM 

>=Rel-4

GSM, UMTS.. 

(R99+)

03 series means 03.01, 03.02 etc; 43 series means 43.001, etc. 
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All 3GPP Technical 

Specifications and Reports 

are publicly available at: 

http://www.3gpp.org/ 
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Mobile Network Standards: 

EP2 Solution 
• Problem: How to create a market where 

equipment from competiting suppliers can 
successfully inter-operate? 

• Solution: Standardize interfaces 
– International: (GSM Originally Europe, later 

Global): creates international market 

– Competitive supply reduces cost and risk 

– Bonus: International expertise pooled 

• Downside: need to agree on everyone’s 
needs 
– Time to market 

– Sometimes compromise 
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