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Spectrum matters	
because	communications matters



Spectrum	sharing matters	because	
communications	spectrum is	a	scarce asset

and	demand is	growing very	fast



Wireless and	mobile communications	
now	dominate	

all	communications	globally



It all begins with …

Cavemen





Cavemen



Cavemen



The Problem is …

Localized Communication



When cavemen moved out the cave…

Long-distance communication		



Smoke Signal



Smoke Signal
p as	far	away	as	750	kilometers in	just	a	few	hours



Pigeons



Raven



Pony Express

“驿寄梅花，鱼传尺素，砌成此恨无重数”



Semaphore Flag



Semaphore Flag



Telegraph



Morse Code



Radio



Maxwell’s Equations



Radio









Telephone
p Real-time	communication



Dedicated line



Switch



PSTN



Evolution



Spectrum	sharing	
between	a	transmitter	&	a	receiver



Duplexing



Half Duplex
p One	way	communication	at	a	time



Full Duplex
p Two	way	communication



Full Duplex
p FDD



Full Duplex
p TDD



FDD or TDD?



FDD or TDD?



FDD or TDD?



FDD or TDD?



FDD or TDD?



FDD or TDD?





How does it work?



Spectrum	sharing	
between	multiple	users



Multiple Access



FDMA



TDMA



CDMA



WDMA



SDMA



OFDMA



How does it work?



Random Access



ALOHA



CSMA



Spectrum	sharing	
between	different systems



Cognitive Radio
p Spectrum	sharing	on	licensed bands



LTE-U
p Spectrum	sharing	on	unlicensed bands



LTE-U



Future Direction
p Spectrum	sharing	between	a	pair	of	users

– Full	duplex	at	the	same	time	and	the	same	frequency

p Spectrum	sharing	between	multiple	users
– Non-orthogonal	multiple	access

p Spectrum	sharing	between	different	systems
– How	does	LTE-U	coexist	with	Wi-Fi	




