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Workshop Briefing Workshop Briefing OutlineOutline

•• ITU ITU Spectrum Management Training Spectrum Management Training Program Program (SMTP)(SMTP)

•• ITU SMTP Reference Model for RF Workshop ITU SMTP Reference Model for RF Workshop –– OM3/EM1OM3/EM1

•• WTT When it Started “Radio” then “ Wireless”WTT When it Started “Radio” then “ Wireless”

•• Mobile Telephone Service and Improved MTS Mobile Telephone Service and Improved MTS 

•• Advanced Mobile Telephone Service Advanced Mobile Telephone Service –– 1G1G

•• Digital Mobile Cellular Voice/Data Service Digital Mobile Cellular Voice/Data Service –– 2G2G
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•• Digital Mobile Cellular Voice/Data Service Digital Mobile Cellular Voice/Data Service –– 2G2G

•• Broadband Wireless Mobile Services Broadband Wireless Mobile Services –– 3G3G

•• Long Term Evolution (LTE)Long Term Evolution (LTE)

•• International Mobile Telecommunications Advance International Mobile Telecommunications Advance –– 4G4G

•• Where no Human has Gone before Where no Human has Gone before –– 5G5G



RF Workshop Reference ModelRF Workshop Reference Model

International International 
Telecommunications Telecommunications 
Union Initiative for:Union Initiative for:
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Spectrum Spectrum 
Management Management 
Training        Training        
Program Program 



Obligatory Module OM3 Obligatory Module OM3 –– WTTWTT
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Elective Module EM1 Elective Module EM1 –– SMMSMM
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Other SMTP ModulesOther SMTP Modules
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Start of RADIOStart of RADIO

•• 18651865, James , James Clerk Maxwell Equations Clerk Maxwell Equations 
demonstrated demonstrated that that Electric Electric and and Magnetic Magnetic 
fields travel through space as waves fields travel through space as waves 
moving at the speed of moving at the speed of light.light.

•• 18931893, 28 years , 28 years after Maxwell after Maxwell –– Nikola Tesla pronounce Nikola Tesla pronounce 
the the possibility of wireless possibility of wireless communication. communication. He tried to He tried to 
put these ideas to practical use in an put these ideas to practical use in an unsuccessful unsuccessful 
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put these ideas to practical use in an put these ideas to practical use in an unsuccessful unsuccessful 
attempt attempt at at the intercontinental the intercontinental wireless wireless transmission transmission 
project.project.

•• 18991899, , 34 years after Maxwell 34 years after Maxwell –– GuglielmoGuglielmo Marconi Marconi 
performs performs historical radio telegraph transmissions historical radio telegraph transmissions 
from a ship in New York Harbor to the Twin Lights in from a ship in New York Harbor to the Twin Lights in 
Highlands New Highlands New Jersey ushering the Jersey ushering the era of practical era of practical 
mobile mobile radio communication.radio communication.



TwoTwo--Way RADIO CommunicationsWay RADIO Communications
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Until Until 19401940, For 40 years , For 40 years –– TwoTwo--Way Radio was the only means of Way Radio was the only means of 
mobile radio communicationmobile radio communication with the Pushwith the Push--ToTo--Talk (PTT) Talk (PTT) HalfHalf--Duplex Duplex 
(Speak (Speak or or Listen Listen –– Not BothNot Both). Most Radio Stations ). Most Radio Stations –– Fixed Fixed SStations. tations. 
Still in use at present times.Still in use at present times.



Mobile Telephone Service Mobile Telephone Service –– MTSMTS

•• 19471947, Mobile Telephone Service was initiated , Mobile Telephone Service was initiated 
creating a total of more than 40 channels creating a total of more than 40 channels in the 150 in the 150 
MHz band for MHz band for mobile telephony and a group of new mobile telephony and a group of new 
entities called Radio Common Carriers (RCCsentities called Radio Common Carriers (RCCs).).

•• LuggageLuggage--Size Size Transceiver Transceiver (30 (30 -- 45 lbs.)45 lbs.)

•• Required Required Operator AssistanceOperator Assistance
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•• Required Required Operator AssistanceOperator Assistance

•• VHF VHF Frequencies (Frequencies (152 152 –– 159 MHz159 MHz))

•• HalfHalf--Duplex Duplex (Speak OR Listen (Speak OR Listen –– Not Both)Not Both)

•• Standard Standard Lasted For 13 YearsLasted For 13 Years



Improved MTS Service Improved MTS Service –– IMTSIMTS

•• 19641964, The Improved , The Improved MTS MTS (IMTS) is (IMTS) is the prethe pre--cellular cellular 
system system that that linked linked to the PSTN. to the PSTN. A A replacement to replacement to 
MTS offering MTS offering directdirect--dial rather than connections dial rather than connections 
through a live operator)through a live operator)..

•• No Operator Interface No Operator Interface RequiredRequired

•• Multiple Channels (allowing more Multiple Channels (allowing more users)users)
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•• Mobile Units weight typically 25 Mobile Units weight typically 25 lbslbs

•• VHF Low (35VHF Low (35--44 44 MHz), MHz), VHF High (152VHF High (152--158 158 
MHz) MHz) and UHF (454and UHF (454--460 460 MHz)MHz)

•• Simultaneous DuplexSimultaneous Duplex

•• No Privacy (All Channels Were No Privacy (All Channels Were Public)Public)

•• Required Separations Required Separations of more than 50 milesof more than 50 miles



Advanced Mobile Phone Advanced Mobile Phone Service Service –– AMPSAMPS

•• 19681968, FCC Docket 18262 opened , FCC Docket 18262 opened proposals proposals to to 
allocate the upper portion of allocate the upper portion of 800 MHz to 800 MHz to 
mobile systems for both private and public mobile systems for both private and public 
uses.uses.

•• 19811981, FCC Final Order , FCC Final Order –– half of 800 MHz half of 800 MHz 
spectrum spectrum was allocated for was allocated for trunked systems. trunked systems. 
The other half was allocated for cellular The other half was allocated for cellular 
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The other half was allocated for cellular The other half was allocated for cellular 
systems (850 MHz)systems (850 MHz)

•• 19831983, , AMPS launched AMPS launched in in Chicago Chicago –– an an analog analog 
mobile cell phone system standard built on a mobile cell phone system standard built on a 
30 kHz channel BW. The 1G technology for 30 kHz channel BW. The 1G technology for 
cellular communications begins.cellular communications begins.



AMPS AMPS –– 1G Design1G Design

•• FFirst systems irst systems used large used large 
cell areas cell areas and and omniomni--
directional base station directional base station 
antennas covering 2,100 antennas covering 2,100 
square milessquare miles..

•• Ten Ten base stations, base stations, with with 
antenna tower antenna tower height height 
between between 150 ft. and 550 150 ft. and 550 ftft
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between between 150 ft. and 550 150 ft. and 550 ftft
designed designed for a carrierfor a carrier--toto--
interference ratio interference ratio of 18 dB of 18 dB 
for for satisfactory voice satisfactory voice 
quality. Deployed quality. Deployed in a 7in a 7--cell cell 
frequency reuse pattern frequency reuse pattern 
with 3 with 3 sectors per sectors per cell.cell.



Start of Wireless Start of Wireless –– 2G2G

•• 19891989, CDMA , CDMA is proposed as is proposed as a more a more efficient wireless efficient wireless 
voice voice technology using digital signal processing technology using digital signal processing 
and 2G begins.and 2G begins.

•• 2G 2G systems used digital modulation. Shifting systems used digital modulation. Shifting from analog to digital from analog to digital 
enabled several improvements in enabled several improvements in performanceperformance. System C. System Capacity apacity 
was was improved improved through:through:
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was was improved improved through:through:

•• (1) the use of spectrally efficient digital speech codecs, (1) the use of spectrally efficient digital speech codecs, 

•• ((2) 2) multiplexing users multiplexing users on the same frequency channel via time on the same frequency channel via time 
division or code division or code division multiplexing division multiplexing allowing more calls to be allowing more calls to be 
transmitted in same amount of radio bandwidth,transmitted in same amount of radio bandwidth,

•• ((3) tighter frequency re3) tighter frequency re--use enabled by better error use enabled by better error performance of performance of 
digital modulation, coding, and equalization techniques, digital modulation, coding, and equalization techniques, which which 
reduced the carrierreduced the carrier--toto--interference interference ratio from ratio from 18 dB 18 dB to just a few to just a few dB.dB.



Wireless Wireless –– 2G Cellular Systems2G Cellular Systems

•• 19901990, 2G systems , 2G systems use use simple encryption to provide simple encryption to provide 
security security against against eavesdropping or eavesdropping or fraud, which fraud, which was was a a 
major major concern with concern with 1G analog1G analog. FCC . FCC allocated allocated 120 MHz of 120 MHz of 
additional spectrum additional spectrum around 1.9 around 1.9 GHz for what came to be GHz for what came to be 
called called Personal Personal Communications Communications Services (PCS).Services (PCS).
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•• 19911991, , SMS was SMS was first deployed in Europe first deployed in Europe and and quickly quickly 
became a popular conversational tool among became a popular conversational tool among YoungerYounger
mobile subscribersmobile subscribers..

•• Over Over 2.5 billion SMS messages are sent 2.5 billion SMS messages are sent each day each day in the in the 
United States alone, United States alone, used used for delivering news for delivering news updates, updates, 
business business process alerts, mobile payments, voting, and process alerts, mobile payments, voting, and 
micromicro--blogging, among other blogging, among other things.things.

2G Short Messaging Service (SMS)2G Short Messaging Service (SMS)
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•• 20002000, , 2G networks were built mainly for voice services 2G networks were built mainly for voice services 
and slow data transmission and slow data transmission defined ITU’s International defined ITU’s International 
Mobile TelecommunicationsMobile Telecommunications--2000 (IMT2000 (IMT--2000) 2000) specification specification 
documents and documents and standards. standards. The work of Global The work of Global System for System for 
Mobile (GSM) Mobile (GSM) by the by the GroupeGroupe SpSp´́ecialecial Mobile (GSMMobile (GSM). ). 

•• 2.5G implemented 2.5G implemented packetpacket--switched domains switched domains in addition in addition 
to the circuitto the circuit--switched switched domains. domains. CDMA2000 CDMA2000 networks networks 
evolved evolved through through this this introduction introduction supporting switched supporting switched 

From 2G to 2.5 to 2.75From 2G to 2.5 to 2.75

Recinto
Universitario
Mayaguez

16
Presented at the UPR-RUM RF Spectrum 

Management Workshop  May 24, 2016

evolved evolved through through this this introduction introduction supporting switched supporting switched 
data rates at 9.6 kbpsdata rates at 9.6 kbps..

•• 2.75G introduced 8PSK encoding evolving to Enhanced 2.75G introduced 8PSK encoding evolving to Enhanced 
Data rates for GSM Evolution (Data rates for GSM Evolution (EDGEEDGE). EDGE was ). EDGE was 
deployed on GSM networks in 2003 deployed on GSM networks in 2003 –– an upgrade an upgrade that that 
provided an increase provided an increase in capacity. Typical in capacity. Typical user data rates user data rates 
of of 20 20 –– 40 kbps40 kbps were achieved.were achieved.



GSM GSM Network ArchitectureNetwork Architecture

•• 20012001, GSM/GPRS , GSM/GPRS network architecture which formed network architecture which formed the the 
basis from which later 3G basis from which later 3G systems evolvedsystems evolved..
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•• 20022002, , 3G 3G provides provides much much higher data higher data rates, significant rates, significant 
increase in voice capacity, increase in voice capacity, advanced advanced services services and and 
applicationsapplications, , including web including web browsing, ebrowsing, e--mail, and mail, and 
streaming streaming MultimediaMultimedia. ITU laid out the . ITU laid out the following data rate following data rate 
requirements requirements for IMTfor IMT--2000 (3G):2000 (3G):

•• 2 Mbps 2 Mbps in fixed or in building environments.in fixed or in building environments.

•• 384 kbps 384 kbps in pedestrian or urban environmentsin pedestrian or urban environments..

33G G –– Broadband WirelessBroadband Wireless
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•• 384 kbps 384 kbps in pedestrian or urban environmentsin pedestrian or urban environments..

•• 144 kbps 144 kbps in wide area vehicular in wide area vehicular environments.environments.

•• Third Third Generation Partnership Generation Partnership Project (Project (3GPP/3GPP23GPP/3GPP2) ) 
proposed a series of IMTproposed a series of IMT--2000 standards with CDMA 2000 standards with CDMA 
showing to showing to be the preferred access technique for the be the preferred access technique for the 
majority of 3G majority of 3G systems.systems.



Summary of Major 3G StandardsSummary of Major 3G Standards
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Beyond Beyond 3G 3G –– HSPA, HSPA, WiMAX, WiMAX, LTELTE

•• 20092009, The wireless industry , The wireless industry refer to WiMAX and LTE as refer to WiMAX and LTE as 
4G 4G systems although they systems although they do not meet the requirements do not meet the requirements 
for 4G as laid out by the for 4G as laid out by the ITU:ITU:

•• HighHigh--Speed Packet Speed Packet Access (Access (HSPAHSPA) ) is is the combination the combination of of two key two key 
enhancements by 3GPP. enhancements by 3GPP. Deployed Deployed as a software upgrade to as a software upgrade to 
existing UMTS systems existing UMTS systems using a fix 5 MHz BW providing using a fix 5 MHz BW providing typical typical 
user throughputs from 500 kbps user throughputs from 500 kbps to to 2 Mbps.2 Mbps.

•• Worldwide Interoperability for Microwave Access (Worldwide Interoperability for Microwave Access (WiMAXWiMAX) ) is the is the 
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•• Worldwide Interoperability for Microwave Access (Worldwide Interoperability for Microwave Access (WiMAXWiMAX) ) is the is the 
IEEE 802.16e IEEE 802.16e standard. WiMAX standard. WiMAX is is designed using IP protocols, designed using IP protocols, 
and does and does not offer circuitnot offer circuit--switched voice switched voice telephony. It telephony. It can be can be 
provided using provided using the VoIP (voice over the VoIP (voice over IPIP). Using ). Using 5 MHz spectrum, 5 MHz spectrum, 
the the peak physical layer (PHY) data rate is peak physical layer (PHY) data rate is 18 Mbps.18 Mbps.

•• Long Term Evolution (Long Term Evolution (LTELTE) is ) is the the mobile broadband system that mobile broadband system that 
is is commensurate with landline DSL commensurate with landline DSL and capable of supporting and capable of supporting 
growth growth in IP traffic. in IP traffic. With 20 MHz With 20 MHz spectrum spectrum BW LTE BW LTE can support can support 
up to 326 Mbps up to 326 Mbps on the downlink and on the downlink and 86 Mbps 86 Mbps on the on the uplink.uplink.



HSPA, HSPA, WiMAX, WiMAX, LTE ComparisonLTE Comparison
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Demand Drivers for Demand Drivers for LTELTE
•• 20132013, , Dramatic Dramatic growth of the Internet growth of the Internet is is clearly the clearly the 

underlying underlying driver for driver for mobile broadband. mobile broadband. Is the Is the media of media of 
choice for all our information, choice for all our information, communication and communication and 
entertainment needs:entertainment needs:

•• Growth in Growth in HighHigh--BandwidthBandwidth applications: applications: Music downloadsMusic downloads, , Video Video 
sharing, sharing, IPTV IPTV and YouTube are driving more and more users to and YouTube are driving more and more users to 
access, view, and share video access, view, and share video using their using their mobile mobile devices.devices.
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Smart Mobile Devices ProliferationSmart Mobile Devices Proliferation

•• 20112011, , Dramatic growth in the variety and availability of Dramatic growth in the variety and availability of 
smartphones. smartphones. 

•• Availability Availability of full browsing, eof full browsing, e--mail, and mail, and music and music and video playing video playing 
capabilities in mobile devices are turning cell phone capabilities in mobile devices are turning cell phone subscribers subscribers 
into into prodigious consumers of wireless data servicesprodigious consumers of wireless data services..

•• Packaging Packaging of cameras, of cameras, camcorders, GPS camcorders, GPS navigation systems, navigation systems, 
and other technologies into mobile phones and other technologies into mobile phones has enabled has enabled a variety a variety 
of exciting mobile of exciting mobile applications.applications.
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of exciting mobile of exciting mobile applications.applications.

•• In In 2008, there were almost 162 million smartphones sold, 2008, there were almost 162 million smartphones sold, 
surpassing laptop surpassing laptop sales for sales for the first the first time.time.



Requirements of LTE Requirements of LTE DesignDesign

•• Performance on Par with Wired Performance on Par with Wired Broadband:Broadband:

•• Make Mobile Make Mobile Internet experience as good as or better than that Internet experience as good as or better than that 
achieved achieved by residential by residential wired broadband access systems.wired broadband access systems.

•• Key network performance parameter for success is Key network performance parameter for success is High High 
ThroughputThroughput combined with combined with Reduce LatencyReduce Latency ffor better or better user user 
experience.experience.

•• Flexible Flexible Available SpectrumAvailable Spectrum UsageUsage in in 900 MHz900 MHz, , 1800 MHz1800 MHz, , 700 700 
MHzMHz, and , and 2.6 GHz bands supporting a 2.6 GHz bands supporting a variety of channel variety of channel 
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MHzMHz, and , and 2.6 GHz bands supporting a 2.6 GHz bands supporting a variety of channel variety of channel 
bandwidths: 1.4, 3, 5, 10, 15, and bandwidths: 1.4, 3, 5, 10, 15, and 20 20 MHz.MHz.

•• LTE networks interwork seamlessly with existing 2G and 3G LTE networks interwork seamlessly with existing 2G and 3G 
systems and as systems and as a truly global standard a truly global standard extended extended to nonto non--3GPP 3GPP 
systems such as systems such as the 3GPP2 the 3GPP2 CDMA and WiMAX CDMA and WiMAX networks.networks.

•• Reducing Cost per Megabyte for substantial reductions be Reducing Cost per Megabyte for substantial reductions be 
achieved in the total network cost to achieved in the total network cost to deliver data deliver data to end to end users.users.



LTE Technologies for the ChallengeLTE Technologies for the Challenge

•• Enabling Radio Enabling Radio and and Core Network TechnologiesCore Network Technologies::

•• Orthogonal Frequency Division Multiplexing (OFDM).Orthogonal Frequency Division Multiplexing (OFDM).

•• Single Carrier Frequency Domain Equalization (SCSingle Carrier Frequency Domain Equalization (SC--FDE).FDE).

•• Channel Dependent Channel Dependent MultiMulti--User User Resource Scheduling.Resource Scheduling.

•• MultiMulti--Antenna Antenna TechniquesTechniques..

•• Transmit Transmit DiversityDiversity
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••

•• BeamformingBeamforming

•• Spatial Spatial MultiplexingMultiplexing

•• MultiMulti--User User MIMOMIMO

•• IPIP--Based Flat Network Architecture.Based Flat Network Architecture.



LTE Spectrum Options/MigrationLTE Spectrum Options/Migration

•• Deployable Deployable in any of the in any of the Existing SpectrumExisting Spectrum for 2G/3G cellular for 2G/3G cellular 
as as well well as as the new 1700/2100 MHz Advanced Wireless Services the new 1700/2100 MHz Advanced Wireless Services 
(AWS) and (AWS) and 700 MHz 700 MHz UHF UHF Band Band –– Key for Key for System CapacitySystem Capacity..
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44G G –– Broadband Broadband –– Beyond Beyond LTELTE
•• 20162016, ITU definition of a 4G system, called IMT, ITU definition of a 4G system, called IMT--Advanced, Advanced, 

requires a target peak data rate of requires a target peak data rate of 100 Mbps100 Mbps for for high high 
mobility mobility and and 1 1 GbpsGbps for low mobility applications:for low mobility applications:

•• Necessary Radio Spectrum Necessary Radio Spectrum to achieve the to achieve the 100 Mbps 100 Mbps and and 1 1 GbpsGbps
requirements requirements is a challenge but critical for is a challenge but critical for SSystem ystem CCapacityapacity..

•• The World Radio Conference The World Radio Conference (WRC) identified new (WRC) identified new IMT spectrum IMT spectrum 
in in 2.6 GHz 2.6 GHz and and 3.5 GHz which must be use very 3.5 GHz which must be use very EfficientlyEfficiently..

•• The 3GPP developed requirements The 3GPP developed requirements for for LTELTE--Advanced to meet the Advanced to meet the 
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•• The 3GPP developed requirements The 3GPP developed requirements for for LTELTE--Advanced to meet the Advanced to meet the 
IMTIMT--Advance. Technologies for the challenge:Advance. Technologies for the challenge:

•• Higher order MIMO and Higher order MIMO and Beamforming Beamforming (up to 8 (up to 8 ×× 88))

•• InterInter--cell/ Intercell/ Inter--symbolsymbol InterferenceInterference CoCo--ordination ordination and and CancellationCancellation

•• MultiMulti--Hop Hop relay nodes relay nodes for high for high data rate data rate coveragecoverage

•• Carrier aggregation to support larger Carrier aggregation to support larger bandwidthsbandwidths

•• FemtoFemto--cell/Home Nodecell/Home Node--B using B using selfself--configuring/optimizing configuring/optimizing networksnetworks



Summary Summary LTELTE--Advanced RequirementsAdvanced Requirements
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•• The Next Generation Mobile Networks Alliance defines The Next Generation Mobile Networks Alliance defines 
the following requirements for 5G the following requirements for 5G networks by 2020networks by 2020::

•• Data rates of Data rates of 10 10 GbpsGbps should should be supported for tens of thousands be supported for tens of thousands 
of of users in the open air environment.users in the open air environment.

•• 1 1 GbpsGbps to to be offered simultaneously to many workers on the be offered simultaneously to many workers on the 
same office floor.same office floor.

•• Several hundreds of thousands of simultaneous connections to Several hundreds of thousands of simultaneous connections to 
be supported for massive sensor be supported for massive sensor deployments.deployments.

55G G –– The The NEXT GENERATIONNEXT GENERATION
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be supported for massive sensor be supported for massive sensor deployments.deployments.

•• Spectral Spectral Efficiency Efficiency should be significantly should be significantly enhanced.enhanced.

•• Coverage Coverage with increased infrastructure should with increased infrastructure should be be improved.improved.

•• Latency should be reduced Latency should be reduced significantly to an order of 1 significantly to an order of 1 ms.ms.

•• Enable Internet of Things (Enable Internet of Things (IoTIoT) devices to run on battery for up to ) devices to run on battery for up to 
10 years.10 years.



Summary Summary and Conclusionsand Conclusions
•• We are in the Era of 4G IMT Advance for every day lifeWe are in the Era of 4G IMT Advance for every day life::

•• Wireless services have grown at a remarkable rate over the past 25 Wireless services have grown at a remarkable rate over the past 25 
years with years with over 4 over 4 billion users around the world.billion users around the world.

•• Voice telephony Voice telephony and data and data consumption consumption continues to grow continues to grow rapidly rapidly 
dominating future needs for dominating future needs for Spectrum Use EfficiencySpectrum Use Efficiency..

•• Wireless systems evolved from early Wireless systems evolved from early cell cell systems to systems to 1G analog voice 1G analog voice 
to 2G digital voice/data to 3G packet to 2G digital voice/data to 3G packet data systems data systems to 4G mobile to 4G mobile 
broadband broadband wireless wireless systems with an ever increasing number of systems with an ever increasing number of 
Network Infrastructure SitesNetwork Infrastructure Sites..
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Network Infrastructure SitesNetwork Infrastructure Sites..

•• We provided an overview of various wireless standards: AMPS, GSM, We provided an overview of various wireless standards: AMPS, GSM, 
CDMA, CDMA, HSPAHSPA, WiMAX, and , WiMAX, and LTE.LTE.

•• We discussed the market drivers, salient features, and key We discussed the market drivers, salient features, and key 
technologies included technologies included in the in the LTE LTE standard.standard.

•• We discussed the We discussed the Spectrum Spectrum options for LTE options for LTE deployments deployments 
emphasizing emphasizing the the newer newer Spectrum AvailabilitySpectrum Availability..

•• Then 5G Then 5G –– Yet to come and takes us to where our Imagination can be.Yet to come and takes us to where our Imagination can be.



UPRM RFSMW CommitteeUPRM RFSMW Committee

Thank YouThank You
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