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What	is	the	power	to	read	minds	called

April	26th,	2021	What	makes	someone	a	leader?	It	goes	without	saying	that	to	get	to	where	you	are,	you	must	have	achieved	meaningful	job	performance....	“Across	a	wide	variety	of	experimental	tests,	involving	relationships	that	ranged	from	strangers	to	spouses,	we	found	no	evidence	that	perspective	taking	systematically	increased	one’s	ability	to
accurately	understand	the	mind	of	another	person	compared	with	a	control	condition.”	(p.	567).	This	statement	summarizes	the	disheartening	conclusion	reached	by	Eyal,	Steffel,	and	Epley	(2018)	based	on	no	less	than	25	experiments	that	they	conducted	to	explore	different	ways	to	promote	perspective	taking.	Not	a	single	experiment	showed	any
benefit	of	perspective	taking	on	accurately	predicting	the	reactions,	attitudes,	or	beliefs	of	others.	Case	closed.	Or	is	it?	In	this	essay,	I	take	a	deeper	look	at	the	process	of	mind-reading,	or,	as	it	is	called	in	the	scientific	literature,	perspective	taking.	(Note:	When	I	refer	to	“mind-reading,”	I	am	not	talking	about	mystical	powers	or	extra-sensory
perception.)	And	I	take	a	deeper	look	at	the	Eyal	et	al.	research.	But	let’s	start	by	quickly	considering	some	of	the	benefits	of	perspective	taking.	Potential	Benefits	of	Perspective	Taking	If	we	could	read	people’s	minds,	even	to	a	small	extent,	we’d	accrue	many	benefits.	I’ve	been	interested	in	perspective	taking	for	over	20	years	and	included	a
chapter,	“The	power	to	read	minds,”	in	my	1998	book	Sources	of	Power.	Gladwell	(2014)	attempted	to	explain	the	thinking	of	David	Koresh	in	the	confrontation	between	the	Federal	government	(the	Bureau	of	Alcohol,	Tobacco,	and	Firearms	and	the	FBI)	and	Koresh’s	Branch	Davidians	in	Waco	Texas	in	1993.	The	confrontation	ended	badly.	Koresh
and	his	followers	died	and	the	FBI	and	ATF	agents,	including	FBI	negotiators,	showed	themselves	to	be	dangerously	incompetent.	The	media	accounts	of	this	stand-off	made	Koresh’s	actions	seemed	incomprehensible.	After	reading	Gladwell’s	analysis,	the	Branch	Davidians	made	much	more	sense.	Unfortunately,	the	FBI	was	unable	to	read	Koresh’s
mind,	labeled	him	as	irrational,	and	dealt	with	him	accordingly.	Most	of	those	reading	this	essay	can	think	of	their	own	examples	of	successful	and	unsuccessful	perspective	taking.	There’s	no	disagreement	about	the	value	of	perspective	taking	(mind-reading),	if	only	it	worked.	Eyal,	Steffel,	and	Epley	have	concluded	that	it	doesn’t	work.	The	Eyal,
Steffel,	and	Epley	Research	Project	Eyal	et	al.	reported	25	studies	that	they	had	conducted.	Some	studies	used	laboratory	tasks	such	as	judging	emotions	from	photographs	of	faces	or	body	postures,	spotting	real	versus	fake	smiles	from	short	video	snippets,	or	identifying	whether	or	not	a	person	was	lying	based	on	a	short	video.	Other	studies	were
more	naturalistic,	using	actual	partners	such	as	married	couples,	romantic	partners,	and	friends.	The	task	was	to	predict	the	partner’s	preferences	regarding	activities,	movies,	jokes,	videos,	art,	and	opinions.	In	these	studies,	the	people	in	the	perspective-taking	condition	were	asked	to	put	themselves	in	their	partner’s	shoes.	The	participants	in	the
control	group	were	simply	told,	“We	would	like	you	to	use	whatever	strategy	you	think	is	best.”	(p.	559)	As	I	stated	at	the	beginning	of	this	essay,	Eyal,	Steffel,	and	Epley	did	not	find	any	evidence	that	having	people	engage	in	perspective	taking	improved	the	accuracy	of	their	predictions	or	assessments.	“Our	experiments	found	no	evidence	that	the
cognitive	effort	of	imagining	oneself	in	another	person’s	shoes,	studied	so	widely	in	the	psychological	literature,	increases	a	person’s	ability	to	accurately	understand	another’s	mind.”	(p.	550)	There’s	a	lot	that	I	like	about	the	Eyal,	Steffel,	and	Epley	article.	I’m	highly	impressed	by	the	number	of	studies	they	ran,	the	care	with	which	they	conducted
these	studies,	and	the	care	they	used	in	analyzing	their	data.	I’m	also	impressed	by	the	clarity	of	their	conclusions.	No	hedging,	no	hiding	behind	caveats,	no	“further	research	is	needed”	defensiveness.	They	reached	a	strong	conclusion	and	they	put	it	out	there.	I’d	like	to	see	more	of	that	kind	of	courage	and	confidence	in	scientific	reporting.
Nevertheless,	I	think	their	primary	conclusion	is	wrong.	Did	They	Actually	Show	That	Perspective	Taking	Has	No	Effect?	The	experimental	group	was	simply	asked	to	take	the	target’s	perspective.	That’s	all.	For	example,	“While	watching	the	pictures,	please	think	about	the	person	in	the	picture.	Try	to	adopt	the	perspective	of	the	person	in	the	picture
as	if	you	were	the	person	who	is	answering	the	question.	Do	your	best	to	adopt	his	or	her	perspective,	putting	yourself	into	the	other	person’s	shoes	as	if	you	were	that	person.	Remember	that	the	person	in	the	picture	may	have	a	different	perspective	than	you	do	as	the	viewer	of	the	picture.”	(p.	552)	The	control	group	was	not	given	any	specific
instructions	and	had	the	same	task	as	the	experimental	group,	e.g.,	to	try	to	identify	the	emotion	of	the	person	in	the	picture,	or	describe	what	the	person	was	thinking/feeling,	or	to	predict	some	aspects	of	the	person’s	preferences.	However,	the	control	participants	may	have	tried	to	take	the	perspective	of	the	person	in	the	picture	even	though	they
were	not	asked	to	do	so.	They	were	not	discouraged	from	perspective	taking.	Since	the	task	was	to	predict	what	the	other	person	was	thinking,	it	seems	reasonable	that	they	might	try	to	take	the	other	person’s	perspective.	Therefore,	the	experimental/control	contrast	is	not	clean.	Both	groups	may	have	been	engaging	in	perspective	taking,	which
would	explain	why	the	researchers	found	no	differences	between	them.	Eyal,	Steffel,	and	Epley	briefly	acknowledge	this	point	at	the	end	of	their	article,	“…participants	in	the	control	conditions	of	our	experiments	were	already	making	inferences	about	another	person’s	perspective.”	(p.	568),	but	they	don’t	expand	on	the	ramifications	of	this
observation.	As	a	result,	the	research	did	not	demonstrate	that	perspective	taking	had	no	effect	even	though	this	is	what	the	authors	claim.	The	research	merely	demonstrated	that	the	perspective-taking	instructions	didn’t	achieve	much—that	these	instructions	were	insufficient	to	boost	the	experimental	group	over	the	control	group.	The	research
tells	us	nothing	about	the	value	of	perspective	taking.	The	authors	seem	to	understand	this—on	page	566,	they	acknowledge	that	a	number	of	other	studies	have	shown	that	people	are	more	accurate	in	understanding	others	than	random	chance,	even	though	they’re	not	perfectly	accurate.	Therefore,	the	issue	isn’t	whether	people	can	use	perspective
taking	to	increase	accuracy—it	is	whether	explicit	instructions	have	any	effect.	The	research	clearly	demonstrates	that	the	instructions	did	not	make	a	difference,	even	though	many	of	us	might	expect	that	they	would.	Conclusions	In	all	sorts	of	situations,	we	try	to	take	the	perspective	of	others,	and	I	suspect	we	do	a	reasonably	accurate	job.	Merely
having	a	conversation	with	another	person	requires	that	we	speculate	about	what	the	person	knows,	what	the	person	wants	to	know,	and	what	the	person	can	understand.	In	fact,	we	become	frustrated	when	the	other	person	does	a	poor	job	of	perspective	taking.	We	become	impatient	when	the	other	person	goes	into	excessive	detail,	explaining	things
to	us	that	we	already	know,	and	that	the	person	should	anticipate	we	know.	On	the	flip	side,	we	can	get	irritated	when	the	other	person	is	too	cryptic	and	fails	to	give	us	some	necessary	details.	Our	frustration	suggests	that	we	expect	reasonably	accurate	levels	of	perspective	taking.	For	me,	the	real	question	is	what	it	might	take	to	build	perspective-
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Synchronicity	vte	The	Ganzfeld	experiments	that	aimed	to	demonstrate	telepathy	have	been	criticized	for	lack	of	replication	and	poor	controls.[1][2]	Telepathy	(from	the	Greek	τῆλε,	tele	meaning	"distant"	and	πάθος/-πάθεια,	pathos	or	-patheia	meaning	"feeling,	perception,	passion,	affliction,	experience")[3][4]	is	the	purported	vicarious	transmission
of	information	from	one	person's	mind	to	another's	without	using	any	known	human	sensory	channels	or	physical	interaction.	The	term	was	first	coined	in	1882	by	the	classical	scholar	Frederic	W.	H.	Myers,[5]	a	founder	of	the	Society	for	Psychical	Research	(SPR),[6]	and	has	remained	more	popular	than	the	earlier	expression	thought-transference.[6]
[7]	Telepathy	experiments	have	historically	been	criticized	for	a	lack	of	proper	controls	and	repeatability.	There	is	no	good	evidence	that	telepathy	exists,	and	the	topic	is	generally	considered	by	the	scientific	community	to	be	pseudoscience.[8][9][10][11]	Origins	of	the	concept	According	to	historians	such	as	Roger	Luckhurst	and	Janet	Oppenheim	the
origin	of	the	concept	of	telepathy	in	Western	civilization	can	be	traced	to	the	late	19th	century	and	the	formation	of	the	Society	for	Psychical	Research.[12][13]	As	the	physical	sciences	made	significant	advances,	scientific	concepts	were	applied	to	mental	phenomena	(e.g.,	animal	magnetism),	with	the	hope	that	this	would	help	to	understand
paranormal	phenomena.	The	modern	concept	of	telepathy	emerged	in	this	context.[13]	Psychical	researcher	Eric	Dingwall	criticized	SPR	founding	members	Frederic	W.	H.	Myers	and	William	F.	Barrett	for	trying	to	"prove"	telepathy	rather	than	objectively	analyze	whether	or	not	it	existed.[14]	Thought	reading	In	the	late	19th	century,	the	magician
and	mentalist,	Washington	Irving	Bishop	would	perform	"thought	reading"	demonstrations.	Bishop	claimed	no	supernatural	powers	and	ascribed	his	powers	to	muscular	sensitivity	(reading	thoughts	from	unconscious	bodily	cues).[15]	Bishop	was	investigated	by	a	group	of	scientists	including	the	editor	of	the	British	Medical	Journal	and	the
psychologist	Francis	Galton.	Bishop	performed	several	feats	successfully	such	as	correctly	identifying	a	selected	spot	on	a	table	and	locating	a	hidden	object.	During	the	experiment,	Bishop	required	physical	contact	with	a	subject	who	knew	the	correct	answer.	He	would	hold	the	hand	or	wrist	of	the	helper.	The	scientists	concluded	that	Bishop	was	not
a	genuine	telepath	but	using	a	highly	trained	skill	to	detect	ideomotor	movements.[16]	Another	famous	thought	reader	was	the	magician	Stuart	Cumberland.	He	was	famous	for	performing	blindfolded	feats	such	as	identifying	a	hidden	object	in	a	room	that	a	person	had	picked	out	or	asking	someone	to	imagine	a	murder	scene	and	then	attempt	to
read	the	subject's	thoughts	and	identify	the	victim	and	reenact	the	crime.	Cumberland	claimed	to	possess	no	genuine	psychic	ability	and	his	thought-reading	performances	could	only	be	demonstrated	by	holding	the	hand	of	his	subject	to	read	their	muscular	movements.	He	came	into	dispute	with	psychical	researchers	associated	with	the	Society	for
Psychical	Research	who	were	searching	for	genuine	cases	of	telepathy.	Cumberland	argued	that	both	telepathy	and	communication	with	the	dead	were	impossible	and	that	the	mind	of	man	cannot	be	read	through	telepathy,	but	only	by	muscle	reading.[17]	Case	studies	Gilbert	Murray	conducted	early	telepathy	experiments.	In	the	late	19th	century
the	Creery	Sisters	(Mary,	Alice,	Maud,	Kathleen,	and	Emily)	were	tested	by	the	Society	for	Psychical	Research	and	believed	to	have	genuine	psychic	ability.	However,	during	a	later	experiment	they	were	caught	utilizing	signal	codes	and	they	confessed	to	fraud.[18][19]	George	Albert	Smith	and	Douglas	Blackburn	were	claimed	to	be	genuine	psychics
by	the	Society	for	Psychical	Research	but	Blackburn	confessed	to	fraud:	For	nearly	thirty	years	the	telepathic	experiments	conducted	by	Mr.	G.	A.	Smith	and	myself	have	been	accepted	and	cited	as	the	basic	evidence	of	the	truth	of	thought	transference...	...the	whole	of	those	alleged	experiments	were	bogus,	and	originated	in	the	honest	desire	of	two
youths	to	show	how	easily	men	of	scientific	mind	and	training	could	be	deceived	when	seeking	for	evidence	in	support	of	a	theory	they	were	wishful	to	establish.[20]	Between	1916	and	1924,	Gilbert	Murray	conducted	236	experiments	into	telepathy	and	reported	36%	as	successful.	However,	it	was	suggested	that	the	results	could	be	explained	by
hyperaesthesia	as	he	could	hear	what	was	being	said	by	the	sender.[21][22][23][24][25]	Psychologist	Leonard	T.	Troland	had	carried	out	experiments	in	telepathy	at	Harvard	University	which	were	reported	in	1917.[26][27][28][29]	The	subjects	produced	below	chance	expectations.[30]	Arthur	Conan	Doyle	and	W.	T.	Stead	were	duped	into	believing
Julius	and	Agnes	Zancig	had	genuine	psychic	powers.	Both	Doyle	and	Stead	wrote	that	Zancigs	performed	telepathy.	In	1924,	Julius	and	Agnes	Zancig	confessed	that	their	mind	reading	act	was	a	trick	and	published	the	secret	code	and	all	the	details	of	the	trick	method	they	had	used	under	the	title	of	Our	Secrets!!	in	a	London	newspaper.[31]	In
1924,	Robert	H.	Gault	of	Northwestern	University	with	Gardner	Murphy	conducted	the	first	American	radio	test	for	telepathy.	The	results	were	entirely	negative.	One	of	their	experiments	involved	the	attempted	thought	transmission	of	a	chosen	number	between	one	and	one-thousand.	Out	of	2,010	replies,	none	was	correct.	This	is	below	the
theoretical	chance	figure	of	two	correct	replies	in	such	a	situation.[32]	In	February	1927,	with	the	co-operation	of	the	British	Broadcasting	Corporation	(BBC),	V.	J.	Woolley	who	was	at	the	time	the	Research	Officer	for	the	SPR,	arranged	a	telepathy	experiment	in	which	radio	listeners	were	asked	to	take	part.	The	experiment	involved	'agents'	thinking
about	five	selected	objects	in	an	office	at	Tavistock	Square,	whilst	listeners	on	the	radio	were	asked	to	identify	the	objects	from	the	BBC	studio	at	Savoy	Hill.	24,659	answers	were	received.	The	results	revealed	no	evidence	of	telepathy.[33][34]	A	famous	experiment	in	telepathy	was	recorded	by	the	American	author	Upton	Sinclair	in	his	book	Mental
Radio	which	documents	Sinclair's	test	of	psychic	abilities	of	Mary	Craig	Sinclair,	his	second	wife.	She	attempted	to	duplicate	290	pictures	which	were	drawn	by	her	husband.	Sinclair	claimed	Mary	successfully	duplicated	65	of	them,	with	155	"partial	successes"	and	70	failures.	However,	these	experiments	were	not	conducted	in	a	controlled	scientific
laboratory	environment.[35]	Science	writer	Martin	Gardner	suggested	that	the	possibility	of	sensory	leakage	during	the	experiment	had	not	been	ruled	out:	In	the	first	place,	an	intuitive	wife,	who	knows	her	husband	intimately,	may	be	able	to	guess	with	a	fair	degree	of	accuracy	what	he	is	likely	to	draw—particularly	if	the	picture	is	related	to	some
freshly	recalled	event	the	two	experienced	in	common.	At	first,	simple	pictures	like	chairs	and	tables	would	likely	predominate,	but	as	these	are	exhausted,	the	field	of	choice	narrows	and	pictures	are	more	likely	to	be	suggested	by	recent	experiences.	It	is	also	possible	that	Sinclair	may	have	given	conversational	hints	during	some	of	the	tests—hints
which	in	his	strong	will	to	believe,	he	would	promptly	forget	about.	Also,	one	must	not	rule	out	the	possibility	that	in	many	tests,	made	across	the	width	of	a	room,	Mrs.	Sinclair	may	have	seen	the	wiggling	of	the	top	of	a	pencil,	or	arm	movements,	which	would	convey	to	her	unconscious	a	rough	notion	of	the	drawing.[35]	Frederick	Marion	who	was
investigated	by	the	Society	for	Psychical	Research	in	the	late	1930-1940s.	The	Turner-Ownbey	long	distance	telepathy	experiment	was	discovered	to	contain	flaws.	May	Frances	Turner	positioned	herself	in	the	Duke	Parapsychology	Laboratory	whilst	Sara	Ownbey	claimed	to	receive	transmissions	250	miles	away.	For	the	experiment	Turner	would
think	of	a	symbol	and	write	it	down	whilst	Ownbey	would	write	her	guesses.[36]	The	scores	were	highly	successful	and	both	records	were	supposed	to	be	sent	to	J.	B.	Rhine;	however,	Ownbey	sent	them	to	Turner.	Critics	pointed	out	this	invalidated	the	results	as	she	could	have	simply	written	her	own	record	to	agree	with	the	other.	When	the
experiment	was	repeated	and	the	records	were	sent	to	Rhine	the	scores	dropped	to	average.[36][37][38]	Another	example	is	the	experiment	carried	out	by	the	author	Harold	Sherman	with	the	explorer	Hubert	Wilkins	who	carried	out	their	own	experiment	in	telepathy	for	five	and	a	half	months	starting	in	October	1937.	This	took	place	when	Sherman
was	in	New	York	and	Wilkins	was	in	the	Arctic.	The	experiment	consisted	of	Sherman	and	Wilkins	at	the	end	of	each	day	to	relax	and	visualise	a	mental	image	or	"thought	impression"	of	the	events	or	thoughts	they	had	experienced	in	the	day	and	then	to	record	those	images	and	thoughts	on	paper	in	a	diary.	The	results	at	the	end	when	comparing
Sherman's	and	Wilkins'	diaries	were	claimed	to	be	more	than	60	percent.[39]	The	full	results	of	the	experiments	were	published	in	1942	in	a	book	by	Sherman	and	Wilkins	titled	Thoughts	Through	Space.	In	the	book,	both	Sherman	and	Wilkins	had	written	they	believed	they	had	demonstrated	that	it	was	possible	to	send	and	receive	thought
impressions	from	the	mind	of	one	person	to	another.[40]	The	magician	John	Booth	wrote	that	the	experiment	was	not	an	example	of	telepathy	as	a	high	percentage	of	misses	had	occurred.	Booth	wrote	it	was	more	likely	that	the	"hits"	were	the	result	of	"coincidence,	law	of	averages,	subconscious	expectancy,	logical	inference	or	a	plain	lucky	guess".
[41]	A	review	of	their	book	in	the	American	Journal	of	Orthopsychiatry	cast	doubt	on	their	experiment,	noting	"the	study	was	published	five	years	after	it	was	conducted,	arouses	suspicion	on	the	validity	of	the	conclusions.[42]	In	1948,	on	the	BBC	radio	Maurice	Fogel	made	the	claim	that	he	could	demonstrate	telepathy.	This	intrigued	the	journalist
Arthur	Helliwell	who	wanted	to	discover	his	methods.	He	found	that	Fogel's	mind	reading	acts	were	all	based	on	trickery	as	he	relied	on	information	about	members	of	his	audience	before	the	show	started.	Helliwell	exposed	Fogel's	methods	in	a	newspaper	article.	Although	Fogel	managed	to	fool	some	people	into	believing	he	could	perform	genuine
telepathy,	the	majority	of	his	audience	knew	he	was	a	showman.[43]	In	a	series	of	experiments	Samuel	Soal	and	his	assistant	K.	M.	Goldney	examined	160	subjects	over	128,000	trials	and	obtained	no	evidence	for	the	existence	of	telepathy.[44]	Soal	tested	Basil	Shackleton	and	Gloria	Stewart	between	1941	and	1943	in	over	five	hundred	sittings	and
over	twenty	thousand	guesses.	Shackleton	scored	2890	compared	with	a	chance	expectation	of	2308	and	Gloria	scored	9410	compared	with	a	chance	level	of	7420.	It	was	later	discovered	the	results	had	been	tampered	with.	Gretl	Albert	who	was	present	during	many	of	the	experiments	said	she	had	witnessed	Soal	altering	the	records	during	the
sessions.[44]	Betty	Marwick	discovered	Soal	had	not	used	the	method	of	random	selection	of	numbers	as	he	had	claimed.	Marwick	showed	that	there	had	been	manipulation	of	the	score	sheets	and	all	experiments	reported	by	Soal	had	thereby	become	discredited.[45][46]	In	1979	the	physicists	John	G.	Taylor	and	Eduardo	Balanovski	wrote	the	only
scientifically	feasible	explanation	for	telepathy	could	be	electromagnetism	(EM)	involving	EM	fields.	In	a	series	of	experiments	the	EM	levels	were	many	orders	of	magnitude	lower	than	calculated	and	no	paranormal	effects	were	observed.	Both	Taylor	and	Balanovski	wrote	their	results	were	a	strong	argument	against	the	validity	of	telepathy.[47]
Research	in	anomalistic	psychology	has	discovered	that	in	some	cases	telepathy	can	be	explained	by	a	covariation	bias.	In	an	experiment	(Schienle	et	al.	1996)	22	believers	and	20	skeptics	were	asked	to	judge	the	covariation	between	transmitted	symbols	and	the	corresponding	feedback	given	by	a	receiver.	According	to	the	results	the	believers
overestimated	the	number	of	successful	transmissions	whilst	the	skeptics	made	accurate	hit	judgments.[48]	The	results	from	another	telepathy	experiment	involving	48	undergraduate	college	students	(Rudski,	2002)	were	explained	by	hindsight	and	confirmation	biases.[49]	In	parapsychology	Within	parapsychology,	telepathy,	often	along	with
precognition	and	clairvoyance,	is	described	as	an	aspect	of	extrasensory	perception	(ESP)	or	"anomalous	cognition"	that	parapsychologists	believe	is	transferred	through	a	hypothetical	psychic	mechanism	they	call	"psi".[50]	Parapsychologists	have	reported	experiments	they	use	to	test	for	telepathic	abilities.	Among	the	most	well	known	are	the	use	of
Zener	cards	and	the	Ganzfeld	experiment.	Types	Several	forms	of	telepathy	have	been	suggested:[7]	Latent	telepathy,	formerly	known	as	"deferred	telepathy",[51]	describes	a	transfer	of	information	with	an	observable	time-lag	between	transmission	and	reception.[7]	Retrocognitive,[failed	verification]	precognitive,	and	intuitive[failed	verification]
telepathy	describes	the	transfer	of	information	about	the	past,	future	or	present	state	of	an	individual's	mind	to	another	individual.[7]	Emotive	telepathy,	also	known	as	remote	influence[52]	or	emotional	transfer,	describes	the	transfer	of	kinesthetic	sensations	through	altered	states.	Superconscious	telepathy	describes	use	of	the	supposed
superconscious[53]	to	access	the	collective	wisdom	of	the	human	species	for	knowledge.	Zener	cards	Main	article:	Zener	cards	Zener	cards	Zener	cards	are	marked	with	five	distinctive	symbols.	When	using	them,	one	individual	is	designated	the	"sender"	and	another	the	"receiver".	The	sender	selects	a	random	card	and	visualizes	the	symbol	on	it,
while	the	receiver	attempts	to	determine	that	symbol	telepathically.	Statistically,	the	receiver	has	a	20%	chance	of	randomly	guessing	the	correct	symbol,	so	to	demonstrate	telepathy,	they	must	repeatedly	score	a	success	rate	that	is	significantly	higher	than	20%.[54]	If	not	conducted	properly,	this	method	is	vulnerable	to	sensory	leakage	and	card
counting.[54]	J.	B.	Rhine's	experiments	with	Zener	cards	were	discredited	due	to	the	discovery	that	sensory	leakage	or	cheating	could	account	for	all	his	results	such	as	the	subject	being	able	to	read	the	symbols	from	the	back	of	the	cards	and	being	able	to	see	and	hear	the	experimenter	to	note	subtle	clues.[55]	Once	Rhine	took	precautions	in
response	to	criticisms	of	his	methods,	he	was	unable	to	find	any	high-scoring	subjects.[56]	Due	to	the	methodological	problems,	parapsychologists	no	longer	utilize	card-guessing	studies.[57]	Dream	telepathy	Parapsychological	studies	into	dream	telepathy	were	carried	out	at	the	Maimonides	Medical	Center	in	Brooklyn,	New	York	led	by	Stanley
Krippner	and	Montague	Ullman.	They	concluded	the	results	from	some	of	their	experiments	supported	dream	telepathy.[58]	However,	the	results	have	not	been	independently	replicated.[59][60][61][62]	The	psychologist	James	Alcock	has	written	the	dream	telepathy	experiments	at	Maimonides	have	failed	to	provide	evidence	for	telepathy	and	"lack
of	replication	is	rampant."[63]	The	picture	target	experiments	that	were	conducted	by	Krippner	and	Ullman	were	criticized	by	C.	E.	M.	Hansel.	According	to	Hansel	there	were	weaknesses	in	the	design	of	the	experiments	in	the	way	in	which	the	agent	became	aware	of	their	target	picture.	Only	the	agent	should	have	known	the	target	and	no	other
person	until	the	judging	of	targets	had	been	completed,	however,	an	experimenter	was	with	the	agent	when	the	target	envelope	was	opened.	Hansel	also	wrote	there	had	been	poor	controls	in	the	experiment	as	the	main	experimenter	could	communicate	with	the	subject.[64]	An	attempt	to	replicate	the	experiments	that	used	picture	targets	was
carried	out	by	Edward	Belvedere	and	David	Foulkes.	The	finding	was	that	neither	the	subject	nor	the	judges	matched	the	targets	with	dreams	above	chance	level.[65]	Results	from	other	experiments	by	Belvedere	and	Foulkes	were	also	negative.[66]	Ganzfeld	experiment	When	using	the	Ganzfeld	experiment	to	test	for	telepathy,	one	individual	is
designated	as	the	receiver	and	is	placed	inside	a	controlled	environment	where	they	are	deprived	of	sensory	input,	and	another	person	is	designated	as	the	sender	and	is	placed	in	a	separate	location.	The	receiver	is	then	required	to	receive	information	from	the	sender.	The	nature	of	the	information	may	vary	between	experiments.[67]	The	Ganzfeld
experiment	studies	that	were	examined	by	Ray	Hyman	and	Charles	Honorton	had	methodological	problems	that	were	well	documented.	Honorton	reported	only	36%	of	the	studies	used	duplicate	target	sets	of	pictures	to	avoid	handling	cues.[68]	Hyman	discovered	flaws	in	all	of	the	42	Ganzfeld	experiments	and	to	access	each	experiment,	he	devised	a
set	of	12	categories	of	flaws.	Six	of	these	concerned	statistical	defects,	the	other	six	covered	procedural	flaws	such	as	inadequate	documentation,	randomization	and	security	as	well	as	possibilities	of	sensory	leakage.[69]	Over	half	of	the	studies	failed	to	safeguard	against	sensory	leakage	and	all	of	the	studies	contained	at	least	one	of	the	12	flaws.
Because	of	the	flaws,	Honorton	agreed	with	Hyman	the	42	Ganzfeld	studies	could	not	support	the	claim	for	the	existence	of	psi.[69]	Possibilities	of	sensory	leakage	in	the	Ganzfeld	experiments	included	the	receivers	hearing	what	was	going	on	in	the	sender's	room	next	door	as	the	rooms	were	not	soundproof	and	the	sender's	fingerprints	to	be	visible
on	the	target	object	for	the	receiver	to	see.[70][71]	Hyman	also	reviewed	the	autoganzfeld	experiments	and	discovered	a	pattern	in	the	data	that	implied	a	visual	cue	may	have	taken	place:	The	most	suspicious	pattern	was	the	fact	that	the	hit	rate	for	a	given	target	increased	with	the	frequency	of	occurrence	of	that	target	in	the	experiment.	The	hit
rate	for	the	targets	that	occurred	only	once	was	right	at	the	chance	expectation	of	25%.	For	targets	that	appeared	twice	the	hit	rate	crept	up	to	28%.	For	those	that	occurred	three	times	it	was	38%,	and	for	those	targets	that	occurred	six	or	more	times,	the	hit	rate	was	52%.	Each	time	a	videotape	is	played	its	quality	can	degrade.	It	is	plausible	then,
that	when	a	frequently	used	clip	is	the	target	for	a	given	session,	it	may	be	physically	distinguishable	from	the	other	three	decoy	clips	that	are	presented	to	the	subject	for	judging.	Surprisingly,	the	parapsychological	community	has	not	taken	this	finding	seriously.	They	still	include	the	autoganzfeld	series	in	their	meta-analyses	and	treat	it	as
convincing	evidence	for	the	reality	of	psi.[69]	Hyman	wrote	the	autoganzfeld	experiments	were	flawed	because	they	did	not	preclude	the	possibility	of	sensory	leakage.[69]	In	2010,	Lance	Storm,	Patrizio	Tressoldi,	and	Lorenzo	Di	Risio	analyzed	29	ganzfeld	studies	from	1997	to	2008.	Of	the	1,498	trials,	483	produced	hits,	corresponding	to	a	hit	rate	of
32.2%.	This	hit	rate	is	statistically	significant	with	p	<	.001.	Participants	selected	for	personality	traits	and	personal	characteristics	thought	to	be	psi-conducive	were	found	to	perform	significantly	better	than	unselected	participants	in	the	ganzfeld	condition.[72]	Hyman	(2010)	published	a	rebuttal	to	Storm	et	al.	According	to	Hyman	"reliance	on	meta-
analysis	as	the	sole	basis	for	justifying	the	claim	that	an	anomaly	exists	and	that	the	evidence	for	it	is	consistent	and	replicable	is	fallacious.	It	distorts	what	scientists	mean	by	confirmatory	evidence."	Hyman	wrote	the	ganzfeld	studies	have	not	been	independently	replicated	and	have	failed	to	produce	evidence	for	telepathy.[73]	Storm	et	al.	published
a	response	to	Hyman	claiming	the	ganzfeld	experimental	design	has	proved	to	be	consistent	and	reliable	but	parapsychology	is	a	struggling	discipline	that	has	not	received	much	attention	so	further	research	on	the	subject	is	necessary.[74]	Rouder	et	al.	2013	wrote	that	critical	evaluation	of	Storm	et	al.'s	meta-analysis	reveals	no	evidence	for
telepathy,	no	plausible	mechanism	and	omitted	replication	failures.[75]	A	2016	paper	examined	questionable	research	practices	in	the	ganzfeld	experiments.[76]	Twin	telepathy	Twin	telepathy	is	a	belief	that	has	been	described	as	a	myth	in	psychological	literature.	Psychologists	Stephen	Hupp	and	Jeremy	Jewell	have	noted	that	all	experiments	on	the
subject	have	failed	to	provide	any	scientific	evidence	for	telepathy	between	twins.[77]	According	to	Hupp	and	Jewell	there	are	various	behavioral	and	genetic	factors	that	contribute	to	the	twin	telepathy	myth	"identical	twins	typically	spend	a	lot	of	time	together	and	are	usually	exposed	to	very	similar	environments.	Thus,	it's	not	at	all	surprising	that
they	act	in	similar	ways	and	are	adept	at	anticipating	and	forecasting	each	other's	reactions	to	events."[77]	A	1993	study	by	Susan	Blackmore	investigated	the	claims	of	twin	telepathy.	In	an	experiment	with	six	sets	of	twins	one	subject	would	act	as	the	sender	and	the	other	the	receiver.	The	sender	was	given	selected	objects,	photographs	or	numbers
and	would	attempt	to	psychically	send	the	information	to	the	receiver.	The	results	from	the	experiment	were	negative,	no	evidence	of	telepathy	was	observed.[78]	The	skeptical	investigator	Benjamin	Radford	has	noted	that	"Despite	decades	of	research	trying	to	prove	telepathy,	there	is	no	credible	scientific	evidence	that	psychic	powers	exist,	either
in	the	general	population	or	among	twins	specifically.	The	idea	that	two	people	who	shared	their	mother's	womb	—	or	even	who	share	the	same	DNA	—	have	a	mysterious	mental	connection	is	an	intriguing	one	not	borne	out	in	science."[79]	Scientific	reception	A	variety	of	tests	have	been	performed	to	demonstrate	telepathy,	but	there	is	no	scientific
evidence	that	the	power	exists.[9][80][81][82]	A	panel	commissioned	by	the	United	States	National	Research	Council	to	study	paranormal	claims	concluded	that	"despite	a	130-year	record	of	scientific	research	on	such	matters,	our	committee	could	find	no	scientific	justification	for	the	existence	of	phenomena	such	as	extrasensory	perception,	mental
telepathy	or	'mind	over	matter'	exercises...	Evaluation	of	a	large	body	of	the	best	available	evidence	simply	does	not	support	the	contention	that	these	phenomena	exist."[83]	The	scientific	community	considers	parapsychology	a	pseudoscience.[84][85][86][87]	There	is	no	known	mechanism	for	telepathy.[88]	Philosopher	and	physicist	Mario	Bunge	has
written	that	telepathy	would	contradict	laws	of	science	and	the	claim	that	"signals	can	be	transmitted	across	space	without	fading	with	distance	is	inconsistent	with	physics".[89]	Physicist	John	Taylor	has	written	that	the	experiments	that	have	been	claimed	by	parapsychologists	to	support	evidence	for	the	existence	of	telepathy	are	based	on	the	use	of
shaky	statistical	analysis	and	poor	design,	and	attempts	to	duplicate	such	experiments	by	the	scientific	community	have	failed.	Taylor	also	wrote	the	arguments	used	by	parapsychologists	for	the	feasibility	of	such	phenomena	are	based	on	distortions	of	theoretical	physics	as	well	as	"complete	ignorance"	of	relevant	areas	of	physics.[90]	Psychologist
Stuart	Sutherland	wrote	that	cases	of	telepathy	can	be	explained	by	people	underestimating	the	probability	of	coincidences.	According	to	Sutherland,	"most	stories	about	this	phenomenon	concern	people	who	are	close	to	one	another	-	husband	and	wife	or	brother	and	sister.	Since	such	people	have	much	in	common,	it	is	highly	probable	that	they	will
sometimes	think	the	same	thought	at	the	same	time."[91]	Graham	Reed,	a	specialist	in	anomalistic	psychology,	noted	that	experiments	into	telepathy	often	involve	the	subject	relaxing	and	reporting	the	'messages'	to	consist	of	colored	geometric	shapes.	Reed	wrote	that	these	are	a	common	type	of	hypnagogic	image	and	not	evidence	for	telepathic
communication.[92]	Outside	of	parapsychology,	telepathy	is	generally	explained	as	the	result	of	fraud,	self-delusion	and/or	self-deception	and	not	as	a	paranormal	power.[8][93]	Psychological	research	has	also	revealed	other	explanations	such	as	confirmation	bias,	expectancy	bias,	sensory	leakage,	subjective	validation	and	wishful	thinking.[94]
Virtually	all	of	the	instances	of	more	popular	psychic	phenomena,	such	as	mediumship,	can	be	attributed	to	non-paranormal	techniques	such	as	cold	reading.[95][96]	Magicians	such	as	Ian	Rowland	and	Derren	Brown	have	demonstrated	techniques	and	results	similar	to	those	of	popular	psychics,	albeit	without	claiming	paranormal	skills.	They	have
identified,	described,	and	developed	psychological	techniques	of	cold	reading	and	hot	reading.	Psychiatry	The	notion	of	telepathy	is	not	dissimilar	to	three	clinical	concepts:	delusions	of	thought	insertion/removal	and	thought	broadcasting.	This	similarity	might	explain	how	an	individual	might	come	to	the	conclusion	that	he	or	she	were	experiencing
telepathy.	Thought	insertion/removal	is	a	symptom	of	psychosis,	particularly	of	schizophrenia,	schizoaffective	disorder	or	substance-induced	psychosis.[97]	Psychiatric	patients	who	experience	this	symptom	falsely	believe	that	some	of	their	thoughts	are	not	their	own	and	that	others	(e.g.,	other	people,	aliens,	demons	or	fallen	angels,	or	conspiring
intelligence	agencies,	or	artificial	intelligences)	are	putting	thoughts	into	their	minds	(thought	insertion).	Some	patients	feel	as	if	thoughts	are	being	taken	out	of	their	minds	or	deleted	(thought	removal).	Along	with	other	symptoms	of	psychosis,	delusions	of	thought	insertion	may	be	reduced	by	antipsychotic	medication.	Psychiatrists	and	clinical
psychologists	believe	and	empirical	findings	support	the	idea	that	people	with	schizotypy	and	schizotypal	personality	disorder	are	particularly	likely	to	believe	in	telepathy.[98][99][100]	Use	in	fiction	See	also	the	categories	Fiction	about	telepathy	and	Fictional	telepaths	Telepathy	is	a	common	theme	in	modern	fiction	and	science	fiction,	with	many
extraterrestrials,	superheroes,	and	supervillains	having	telepathic	abilities.	See	also	Brain–brain	interface	Extended	Mind,	the	concept	that	things	frequently	used	by	the	mind	become	part	of	it.	Ishin-denshin,	traditional	Japanese	concept	of	unspoken	mutual	understanding,	sometimes	translated	as	"telepathy".	Lady	Wonder,	a	horse	that	appeared	to
answer	questions.	Microwave	auditory	effect	for	hearing	and	subvocal	recognition	for	speaking.	Synthetic	telepathy	Notes	^	Marks,	David;	Kammann,	Richard.	(2000).	The	Psychology	of	the	Psychic.	Prometheus	Books.	pp.	97-106.	ISBN	1-57392-798-8	^	Hyman,	Ray.	Evaluating	Parapsychological	Claims.	In	Robert	J.	Sternberg,	Henry	L.	Roediger,
Diane	F.	Halpern.	(2007).	Critical	Thinking	in	Psychology.	Cambridge	University	Press.	pp.	216-231.	ISBN	978-0521608343	^	Telepathy.	CollinsDictionary.com.	Collins	English	Dictionary	-	Complete	&	Unabridged	11th	Edition.	Retrieved	December	06,	2012.	^	Following	the	model	of	sympathy	and	empathy.	^	Hamilton,	Trevor	(2009).	Immortal
Longings:	F.W.H.	Myers	and	the	Victorian	search	for	life	after	death.	Imprint	Academic.	p.	121.	ISBN	978-1-84540-248-8.	^	a	b	Carroll,	Robert	Todd	(2005).	"The	Skeptic's	Dictionary;	Telepathy".	Skepdic.com.	Retrieved	2006-09-13.	^	a	b	c	d	Glossary	of	Parapsychological	terms	-	Telepathy	Archived	2006-09-27	at	the	Wayback	Machine	—
Parapsychological	Association.	Retrieved	December	19,	2006.	^	a	b	Felix	Planer.	(1980).	Superstition.	Cassell.	p.	218.	ISBN	0-304-30691-6	"Many	experiments	have	attempted	to	bring	scientific	methods	to	bear	on	the	investigation	of	the	subject.	Their	results	based	on	literally	millions	of	tests,	have	made	it	abundantly	clear	that	there	exists	no	such
phenomenon	as	telepathy,	and	that	the	seemingly	successful	scores	have	relied	either	on	illusion,	or	on	deception."	^	a	b	Jan	Dalkvist	(1994).	Telepathic	Group	Communication	of	Emotions	as	a	Function	of	Belief	in	Telepathy.	Dept.	of	Psychology,	Stockholm	University.	Retrieved	5	October	2011.	Within	the	scientific	community	however,	the	claim	that
psi	anomalies	exist	or	may	exist	is	in	general	regarded	with	skepticism.	One	reason	for	this	difference	between	the	scientist	and	the	non	scientist	is	that	the	former	relies	on	his	own	experiences	and	anecdotal	reports	of	psi	phenomena,	whereas	the	scientist	at	least	officially	requires	replicable	results	from	well	controlled	experiments	to	believe	in
such	phenomena	-	results	which	according	to	the	prevailing	view	among	scientists,	do	not	exist.	^	Willem	B.	Drees	(28	November	1998).	Religion,	Science	and	Naturalism.	Cambridge	University	Press.	pp.	242–.	ISBN	978-0-521-64562-1.	Retrieved	5	October	2011.	Let	me	take	the	example	of	claims	in	parapsychology	regarding	telepathy	across	spatial
or	temporal	distances,	apparently	without	a	mediating	physical	process.	Such	claims	are	at	odds	with	the	scientific	consensus.	^	Spencer	Rathus.	(2011).	Psychology:	Concepts	and	Connections.	Cengage	Learning.	p.	143.	ISBN	978-1111344856	"There	is	no	adequate	scientific	evidence	that	people	can	read	other	people's	minds.	Research	has	not
identified	one	single	indisputable	telepath	or	clairvoyant."	^	Oppenheim,	Janet.	(1985).	The	Other	World:	Spiritualism	and	Psychical	Research	in	England,	1850-1914.	Cambridge	University	Press.	pp.	135-249.	ISBN	978-0521265058	^	a	b	Luckhurst,	Roger.	(2002).	The	Invention	of	Telepathy,	1870-1901.	Oxford	University	Press.	pp.	9-51.	ISBN	978-
0199249626	^	Dingwall,	Eric.	(1985).	The	Need	for	Responsibility	in	Parapsychology:	My	Sixty	Years	in	Psychical	Research.	In	A	Skeptic's	Handbook	of	Parapsychology.	Prometheus	Books.	pp.	161-174.	ISBN	0-87975-300-5	"Let	me	give	an	example,	such	as	thought-transference,	which	is	as	good	as	any.	When	the	British	SPR	was	founded,	the	public
was	led	to	believe	that	at	least	a	scientific	survey	was	to	be	made,	and	I	have	no	doubt	that	even	some	of	those	closely	associated	with	the	early	days	thought	so	too.	But	Myers,	among	others,	had	no	such	intention	and	cherished	no	such	illusion.	He	knew	that	the	primary	aim	of	the	Society	was	not	objective	experimentation	but	the	establishment	of
telepathy.	(...)	What	was	wanted	was	proof	that	mind	could	communicate	with	mind	apart	from	the	normal	avenues,	for	if	mental	sharing	was	a	fact	when	the	persons	concerned	were	incarnate	it	could	plausibly	be	suggested	that	the	same	mechanism	might	operate	when	death	had	occurred.	Thus	the	supernatural	might	be	proved	by	science,	and
psychical	research	might	become,	in	the	words	of	Sir	William	Barrett,	a	handmaid	to	religion."	^	Roger	Luckhurst.	(2002).	The	Invention	of	Telepathy:	1870-1901.	Oxford	University	Press.	p.	63.	ISBN	978-0199249626	^	Richard	Wiseman.	(2011).	Paranormality:	Why	We	See	What	Isn't	There.	Macmillan.	p.	140-142.	ISBN	978-0-230-75298-6	^
Thurschwell,	Pamela	(5	February	2004).	"Chapter	4:	George	Eliot's	Prophecies:	Coercive	Second	Sight	and	Everyday	Though	Reading".	In	Nicola	Bown;	Carolyn	Burdett;	Pamela	Thurschwell;	Gillian	Beer	(eds.).	The	Victorian	Supernatural.	Cambridge	University	Press.	pp.	87–108.	ISBN	978-0-521-81015-9.	^	Ray	Hyman.	(1989).	The	Elusive	Quarry:	A
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the	Soal-Goldney	Experiment,	which	claimed	to	prove	the	existence	of	telepathy	Dream	and	Telepathy	-	article	in	Science	and	Psychoanalysis	Retrieved	from	"	2Broadband	cellular	network	standard	(2016)	For	other	uses,	see	5G	(disambiguation).	5G3GPP's	5G	logoDeveloped	by3GPPIntroducedJuly	2016	(July	2016)IndustryTelecommunications	Part	of
a	series	on	theMobile	phone	generations	Mobile	telecommunications	Analog	0G	1G	Digital	2G	2.5G	2.75G	3G	3.5G	3.75G	3.9G/3.95G	4G	4G/4.5G	4.5G/4.9G	5G	6G	vte	In	telecommunications,	5G	is	the	fifth-generation	technology	standard	for	broadband	cellular	networks,	which	cellular	phone	companies	began	deploying	worldwide	in	2019,	and	is	the
planned	successor	to	the	4G	networks	which	provide	connectivity	to	most	current	cellphones.	5G	networks	are	predicted	to	have	more	than	1.7	billion	subscribers	worldwide	by	2025,	according	to	the	GSM	Association.[1]	Like	its	predecessors,	5G	networks	are	cellular	networks,	in	which	the	service	area	is	divided	into	small	geographical	areas	called
cells.	All	5G	wireless	devices	in	a	cell	are	connected	to	the	Internet	and	telephone	network	by	radio	waves	through	a	local	antenna	in	the	cell.	The	new	networks	have	greater	bandwidth	than	their	predecessors,	giving	higher	download	speeds,	eventually	up	to	10	gigabits	per	second	(Gbit/s).[2]	In	addition	to	5G	being	faster	than	existing	networks,	5G
has	higher	bandwidth	and	can	thus	connect	more	different	devices,	improving	the	quality	of	Internet	services	in	crowded	areas.[3]	Due	to	the	increased	bandwidth,	it	is	expected	the	networks	will	increasingly	be	used	as	general	internet	service	providers	(ISPs)	for	laptops	and	desktop	computers,	competing	with	existing	ISPs	such	as	cable	internet,
and	also	will	make	possible	new	applications	in	internet-of-things	(IoT)	and	machine-to-machine	areas.	Cellphones	with	4G	capability	alone	are	not	able	to	use	the	new	networks,	which	require	5G-enabled	wireless	devices.	Overview	5G	networks	are	cellular	networks,	in	which	the	service	area	is	divided	into	small	geographical	areas	called	cells.	All	5G
wireless	devices	in	a	cell	communicate	by	radio	waves	with	a	cellular	base	station	via	fixed	antennas,	over	frequency	channels	assigned	by	the	base	station.	The	base	stations,	termed	gNodeBs,	are	connected	to	switching	centers	in	the	telephone	network	and	routers	for	Internet	access	by	high-bandwidth	optical	fiber	or	wireless	backhaul	connections.
As	in	other	cellular	networks,	a	mobile	device	moving	from	one	cell	to	another	is	automatically	handed	off	seamlessly	to	the	current	cell.	5G	can	support	up	to	a	million	devices	per	square	kilometer,	while	4G	supports	only	one-tenth	of	that	capacity.[citation	needed]	Several	network	operators	use	millimeter	waves	called	FR2	in	5G	terminology,	for
additional	capacity	and	higher	throughputs.	Millimeter	waves	have	a	shorter	range	than	microwaves,	therefore	the	cells	are	limited	to	a	smaller	size.	Millimeter	waves	also	have	more	trouble	passing	through	building	walls.	Millimeter-wave	antennas	are	smaller	than	the	large	antennas	used	in	previous	cellular	networks.	Some	are	only	a	few
centimeters	long.	The	increased	speed	is	achieved	partly	by	using	additional	higher-frequency	radio	waves	in	addition	to	the	low-	and	medium-band	frequencies	used	in	previous	cellular	networks.	However,	higher-frequency	radio	waves	have	a	shorter	useful	physical	range,	requiring	smaller	geographic	cells.	For	wide	service,	5G	networks	operate	on
up	to	three	frequency	bands	–	low,	medium,	and	high.	5G	can	be	implemented	in	low-band,	mid-band	or	high-band	millimeter-wave	24	GHz	up	to	54	GHz.	Low-band	5G	uses	a	similar	frequency	range	to	4G	cellphones,	600–900	MHz,	giving	download	speeds	a	little	higher	than	4G:	30–250	megabits	per	second	(Mbit/s).[4]	Low-band	cell	towers	have	a
range	and	coverage	area	similar	to	4G	towers.	Mid-band	5G	uses	microwaves	of	1.7–4.7	GHz,	allowing	speeds	of	100–900	Mbit/s,	with	each	cell	tower	providing	service	up	to	several	kilometers	in	radius.	This	level	of	service	is	the	most	widely	deployed,	and	was	deployed	in	many	metropolitan	areas	in	2020.	Some	regions	are	not	implementing	the	low
band,	making	Mid-band	the	minimum	service	level.	High-band	5G	uses	frequencies	of	24–47	GHz,	near	the	bottom	of	the	millimeter	wave	band,	although	higher	frequencies	may	be	used	in	the	future.	It	often	achieves	download	speeds	in	the	gigabit-per-second	(Gbit/s)	range,	comparable	to	cable	internet.	However,	millimeter	waves	(mmWave	or
mmW)	have	a	more	limited	range,	requiring	many	small	cells.[5]	They	can	be	impeded	or	blocked	by	materials	in	walls	or	windows.[6]	Due	to	their	higher	cost,	plans	are	to	deploy	these	cells	only	in	dense	urban	environments	and	areas	where	crowds	of	people	congregate	such	as	sports	stadiums	and	convention	centers.	The	above	speeds	are	those
achieved	in	actual	tests	in	2020,	and	speeds	are	expected	to	increase	during	rollout.[4]	The	spectrum	ranging	from	24.25–29.5	GHz	has	been	the	most	licensed	and	deployed	5G	mmWave	spectrum	range	in	the	world.[citation	needed]	The	industry	consortium	setting	standards	for	5G	is	the	3rd	Generation	Partnership	Project	(3GPP).	It	defines	any
system	using	5G	NR	(5G	New	Radio)	software	as	"5G",	a	definition	that	came	into	general	use	by	late	2018.	Minimum	standards	are	set	by	the	International	Telecommunication	Union	(ITU).	Rollout	of	5G	technology	has	led	to	debate	over	its	security	and	relationship	with	Chinese	vendors.	It	has	also	been	the	subject	of	health	concerns	and
misinformation,	including	discredited	conspiracy	theories	linking	it	to	the	COVID-19	pandemic.	Application	areas	The	ITU-R	has	defined	three	main	application	areas	for	the	enhanced	capabilities	of	5G.	They	are	Enhanced	Mobile	Broadband	(eMBB),	Ultra	Reliable	Low	Latency	Communications	(URLLC),	and	Massive	Machine	Type	Communications
(mMTC).[7]	Only	eMBB	is	deployed	in	2020;	URLLC	and	mMTC	are	several	years	away	in	most	locations.[8]	Enhanced	Mobile	Broadband	(eMBB)	uses	5G	as	a	progression	from	4G	LTE	mobile	broadband	services,	with	faster	connections,	higher	throughput,	and	more	capacity.	This	will	benefit	areas	of	higher	traffic	such	as	stadiums,	cities,	and
concert	venues.[9]	Ultra-Reliable	Low-Latency	Communications	(URLLC)	refer	to	using	the	network	for	mission	critical	applications	that	require	uninterrupted	and	robust	data	exchange.	The	short-packet	data	transmission	is	used	to	meet	both	reliability	and	latency	requirements	of	the	wireless	communication	networks.	Massive	Machine-Type
Communications	(mMTC)	would	be	used	to	connect	to	a	large	number	of	devices.	5G	technology	will	connect	some	of	the	50	billion	connected	IoT	devices.[10]	Most	will	use	the	less	expensive	Wi-Fi.	Drones,	transmitting	via	4G	or	5G,	will	aid	in	disaster	recovery	efforts,	providing	real-time	data	for	emergency	responders.[10]	Most	cars	will	have	a	4G
or	5G	cellular	connection	for	many	services.	Autonomous	cars	do	not	require	5G,	as	they	have	to	be	able	to	operate	where	they	do	not	have	a	network	connection.[11]	However,	most	autonomous	vehicles	also	feature	teleoperations	for	mission	accomplishment,	and	these	greatly	benefit	from	5G	technology.[12][13]	Performance	This	article	possibly
contains	unsourced	predictions,	speculative	material,	or	accounts	of	events	that	might	not	occur.	Information	must	be	verifiable	and	based	on	reliable	published	sources.	Please	help	improve	it	by	removing	unsourced	speculative	content.	(January	2022)	(Learn	how	and	when	to	remove	this	template	message)	Speed	5G	speeds	will	range	from	~50
Mbit/s	to	over	1,000	Mbit/s	(1	Gbit/s).	The	fastest	5G	speeds	would	be	in	the	mmWave	bands	and	can	reach	4	Gbit/s	with	carrier	aggregation	and	MIMO.	Sub-6	GHz	5G	(mid-band	5G),	by	far	the	most	common,	will	usually	deliver	between	100	and	1,400	MBit/s	but	will	have	a	much	further	reach	than	mmWave,	especially	outdoors.	C-Band	(n77/n78)
will	be	deployed	by	various	U.S.	operators	in	2022.	C-Band	had	been	planned	to	be	deployed	by	Verizon	and	AT&T	in	early	January	2022	but	was	delayed	due	to	safety	concerns	raised	by	the	Federal	Aviation	Administration.[14][15]	The	Low-band	spectrum	offers	the	greatest	range,	thereby	a	greater	coverage	area	for	a	given	site,	but	its	speeds	are
lower	than	the	mid	and	high	bands.	Latency	In	5G,	the	"air	latency"	is	of	the	order	of	8–12	milliseconds.	The	latency	to	the	server	must	be	added	to	the	"air	latency"	for	most	comparisons.	Verizon	reported	the	latency	on	its	5G	early	deployment	is	30	ms:	Edge	Servers	close	to	the	towers	can	reduce	latency	to	10–20	ms;	1–4	ms	will	be	extremely	rare
for	years	outside	the	lab.	The	latency	is	much	higher	during	handovers;	ranging	from	50–500	milliseconds	depending	on	the	type	of	handover.	Reducing	handover	latency	is	an	ongoing	area	of	research	and	development.	Error	rate	5G	uses	adaptive	modulation	and	coding	scheme	(MCS)	to	keep	the	bit	error	rate	extremely	low.	Whenever	the	error	rate
crosses	a	(very	low)	threshold	the	transmitter	will	switch	to	a	lower	MCS,	which	will	be	less	error-prone.	This	way	speed	is	sacrificed	to	ensure	an	almost	zero	error	rate.	Range	The	range	of	5G	depends	on	many	factors;	frequency	is	the	most	important	of	all.	mmWave	signals	tend	to	have	a	range	of	only	a	couple	of	hundred	meters	whilst	low	band
signals	generally	have	a	range	of	a	couple	of	kilometers.	Since	there	is	a	lot	of	marketing	hype	on	what	5G	can	offer,	simulators	and	drive	tests	are	used	for	the	precise	measurement	of	5G	performance.	Standards	Initially,	the	term	was	associated	with	the	International	Telecommunication	Union's	IMT-2020	standard,	which	required	a	theoretical	peak
download	speed	of	20	gigabits	per	second	and	10	gigabits	per	second	upload	speed,	along	with	other	requirements.[16]	Then,	the	industry	standards	group	3GPP	chose	the	5G	NR	(New	Radio)	standard	together	with	LTE	as	their	proposal	for	submission	to	the	IMT-2020	standard.[17][18]	5G	NR	can	include	lower	frequencies	(FR1),	below	6	GHz,	and
higher	frequencies	(FR2),	above	24	GHz.	However,	the	speed	and	latency	in	early	FR1	deployments,	using	5G	NR	software	on	4G	hardware	(non-standalone),	are	only	slightly	better	than	new	4G	systems,	estimated	at	15	to	50%	better.[19][20][21]	The	standard	documents	for	5G	are	organized	by	3GPP.[22][23]	The	5G	system	architecture	is	defined	in
TS	23.501.[24]	The	packet	protocol	for	mobility	management	(establishing	connection	and	moving	between	base	stations)	and	session	management	(connecting	to	networks	and	network	slices)	is	described	in	TS	24.501.[25]	Specifications	of	key	data	structures	are	found	in	TS	23.003.[26]	Fronthaul	network	IEEE	covers	several	areas	of	5G	with	a	core
focus	in	wireline	sections	between	the	Remote	Radio	Head	(RRH)	and	Base	Band	Unit	(BBU).	The	1914.1	standards	focus	on	network	architecture	and	dividing	the	connection	between	the	RRU	and	BBU	into	two	key	sections.	Radio	Unit	(RU)	to	the	Distributor	Unit	(DU)	being	the	NGFI-I	(Next	Generation	Fronthaul	Interface)	and	the	DU	to	the	Central
Unit	(CU)	being	the	NGFI-II	interface	allowing	a	more	diverse	and	cost-effective	network.	NGFI-I	and	NGFI-II	have	defined	performance	values	which	should	be	compiled	to	ensure	different	traffic	types	defined	by	the	ITU	are	capable	of	being	carried.[page	needed]	The	IEEE	1914.3	standard	is	creating	a	new	Ethernet	frame	format	capable	of



carrying	IQ	data	in	a	much	more	efficient	way	depending	on	the	functional	split	utilized.	This	is	based	on	the	3GPP	definition	of	functional	splits.[page	needed]	5G	NR	Main	article:	5G	NR	5G	NR	(New	Radio)	is	a	new	air	interface	developed	for	the	5G	network.[27]	It	is	supposed	to	be	the	global	standard	for	the	air	interface	of	3GPP	5G	networks.[28]
Pre-standard	implementations	5GTF:	The	5G	network	implemented	by	American	carrier	Verizon	for	Fixed	Wireless	Access	in	late	2010s	uses	a	pre-standard	specification	known	as	5GTF	(Verizon	5G	Technical	Forum).	The	5G	service	provided	to	customers	in	this	standard	is	incompatible	with	5G	NR.	There	are	plans	to	upgrade	5GTF	to	5G	NR	"Once
[it]	meets	our	strict	specifications	for	our	customers,"	according	to	Verizon.[29][needs	update?]	5G-SIG:	Pre-standard	specification	of	5G	developed	by	KT	Corporation.	Deployed	at	Pyeongchang	2018	Winter	Olympics.[30]	Internet	of	things	In	the	Internet	of	things	(IoT),	3GPP	is	going	to	submit	evolution	of	NB-IoT	and	eMTC	(LTE-M)	as	5G
technologies	for	the	LPWA	(Low	Power	Wide	Area)	use	case.[31]	Deployment	See	also:	List	of	5G	NR	networks	5G	3.5	GHz	cell	site	of	Deutsche	Telekom	in	Darmstadt,	Germany	5G	3.5	GHz	cell	site	of	Vodafone	in	Karlsruhe,	Germany	Beyond	mobile	operator	networks,	5G	is	also	expected	to	be	used	for	private	networks	with	applications	in	industrial
IoT,	enterprise	networking,	and	critical	communications,	in	what	being	described	as	NR-U	(5G	NR	in	Unlicensed	Spectrum)[32]	Initial	5G	NR	launches	depended	on	pairing	with	existing	LTE	(4G)	infrastructure	in	non-standalone	(NSA)	mode	(5G	NR	radio	with	4G	core),	before	maturation	of	the	standalone	(SA)	mode	with	the	5G	core	network.[33]	As
of	April	2019,	the	Global	Mobile	Suppliers	Association	had	identified	224	operators	in	88	countries	that	have	demonstrated,	are	testing	or	trialing,	or	have	been	licensed	to	conduct	field	trials	of	5G	technologies,	are	deploying	5G	networks	or	have	announced	service	launches.[34]	The	equivalent	numbers	in	November	2018	were	192	operators	in	81
countries.[35]	The	first	country	to	adopt	5G	on	a	large	scale	was	South	Korea,	in	April	2019.	Swedish	telecoms	giant	Ericsson	predicted	that	5G	internet	will	cover	up	to	65%	of	the	world's	population	by	the	end	of	2025.[36]	Also,	it	plans	to	invest	1	billion	reals	($238.30	million)	in	Brazil	to	add	a	new	assembly	line	dedicated	to	fifth-generation
technology	(5G)	for	its	Latin	American	operations.[37]	When	South	Korea	launched	its	5G	network,	all	carriers	used	Samsung,	Ericsson,	and	Nokia	base	stations	and	equipment,	except	for	LG	U	Plus,	who	also	used	Huawei	equipment.[38][39]	Samsung	was	the	largest	supplier	for	5G	base	stations	in	South	Korea	at	launch,	having	shipped	53,000	base
stations	at	the	time,	out	of	86,000	base	stations	installed	across	the	country	at	the	time.[40]	The	first	fairly	substantial	deployments	were	in	April	2019.	In	South	Korea,	SK	Telecom	claimed	38,000	base	stations,	KT	Corporation	30,000	and	LG	U	Plus	18,000;	of	which	85%	are	in	six	major	cities.[41]	They	are	using	3.5	GHz	(sub-6)	spectrum	in	non-
standalone	(NSA)	mode	and	tested	speeds	were	from	193	to	430	Mbit/s	down.[42]	260,000	signed	up	in	the	first	month	and	4.7	million	by	the	end	of	2019.[43]	T-Mobile	US	was	the	1st	company	in	the	world	to	launch	a	commercially	available	5G	NR	Standalone	network.[44]	Nine	companies	sell	5G	radio	hardware	and	5G	systems	for	carriers:
Altiostar,	Cisco	Systems,	Datang	Telecom/Fiberhome,	Ericsson,	Huawei,	Nokia,	Qualcomm,	Samsung,	and	ZTE.[45][46][47][48][49][50][51]	Spectrum	Large	quantities	of	new	radio	spectrum	(5G	NR	frequency	bands)	have	been	allocated	to	5G.[52]	For	example,	in	July	2016,	the	U.S.	Federal	Communications	Commission	(FCC)	freed	up	vast	amounts
of	bandwidth	in	underused	high-band	spectrum	for	5G.	The	Spectrum	Frontiers	Proposal	(SFP)	doubled	the	amount	of	millimeter-wave	unlicensed	spectrum	to	14	GHz	and	created	four	times	the	amount	of	flexible,	mobile-use	spectrum	the	FCC	had	licensed	to	date.[53]	In	March	2018,	European	Union	lawmakers	agreed	to	open	up	the	3.6	and	26	GHz
bands	by	2020.[54]	As	of	March	2019[update],	there	are	reportedly	52	countries,	territories,	special	administrative	regions,	disputed	territories	and	dependencies	that	are	formally	considering	introducing	certain	spectrum	bands	for	terrestrial	5G	services,	are	holding	consultations	regarding	suitable	spectrum	allocations	for	5G,	have	reserved
spectrum	for	5G,	have	announced	plans	to	auction	frequencies	or	have	already	allocated	spectrum	for	5G	use.[55]	5G	devices	In	March	2019,	the	Global	Mobile	Suppliers	Association	released	the	industry's	first	database	tracking	worldwide	5G	device	launches.[56]	In	it,	the	GSA	identified	23	vendors	who	have	confirmed	the	availability	of	forthcoming
5G	devices	with	33	different	devices	including	regional	variants.	There	were	seven	announced	5G	device	form	factors:	(telephones	(×12	devices),	hotspots	(×4),	indoor	and	outdoor	customer-premises	equipment	(×8),	modules	(×5),	Snap-on	dongles	and	adapters	(×2),	and	USB	terminals	(×1)).[57]	By	October	2019,	the	number	of	announced	5G
devices	had	risen	to	129,	across	15	form	factors,	from	56	vendors.[58]	In	the	5G	IoT	chipset	arena,	as	of	April	2019	there	were	four	commercial	5G	modem	chipsets	and	one	commercial	processor/platform,	with	more	launches	expected	in	the	near	future.[59]	On	March	6,	2020,	the	first-ever	all-5G	smartphone	Samsung	Galaxy	S20	was	released.
According	to	Business	Insider,	the	5G	feature	was	showcased	as	more	expensive	in	comparison	with	4G;	the	line	up	starts	at	US$1,000,	in	comparison	with	Samsung	Galaxy	S10e	which	started	at	US$750.[60]	On	March	19,	HMD	Global,	the	current	maker	of	Nokia-branded	phones,	announced	the	Nokia	8.3	5G,	which	it	claimed	as	having	a	wider
range	of	5G	compatibility	than	any	other	phone	released	to	that	time.	The	mid-range	model,	with	an	initial	Eurozone	price	of	€599,	is	claimed	to	support	all	5G	bands	from	600	MHz	to	3.8	GHz.[61]	Many	phone	manufacturers	support	5G.	Apples	iPhone	12	and	later	versions	support	5G.[62][63]	Google	Pixel	phones	support	it,	since	version	5a.[64]
Technology	New	radio	frequencies	See	also:	5G	NR	frequency	bands	The	air	interface	defined	by	3GPP	for	5G	is	known	as	New	Radio	(NR),	and	the	specification	is	subdivided	into	two	frequency	bands,	FR1	(below	6	GHz)	and	FR2	(24–54	GHz)	Frequency	range	1	(<	6	GHz)	Otherwise	known	as	sub-6,	the	maximum	channel	bandwidth	defined	for	FR1
is	100	MHz,	due	to	the	scarcity	of	continuous	spectrum	in	this	crowded	frequency	range.	The	band	most	widely	being	used	for	5G	in	this	range	is	3.3–4.2	GHz.	The	Korean	carriers	use	the	n78	band	at	3.5	GHz.	Some	parties	used	the	term	"mid-band"	frequency	to	refer	to	higher	part	of	this	frequency	range	that	was	not	used	in	previous	generations	of
mobile	communication.	Frequency	range	2	(24–54	GHz)	The	minimum	channel	bandwidth	defined	for	FR2	is	50	MHz	and	the	maximum	is	400	MHz,	with	two-channel	aggregation	supported	in	3GPP	Release	15.	The	higher	the	frequency,	the	greater	the	ability	to	support	high	data-transfer	speeds.	Signals	in	this	frequency	have	been	described	as
mmWave.	FR2	coverage	5G	in	the	24	GHz	range	or	above	use	higher	frequencies	than	4G,	and	as	a	result,	some	5G	signals	are	not	capable	of	traveling	large	distances	(over	a	few	hundred	meters),	unlike	4G	or	lower	frequency	5G	signals	(sub	6	GHz).	This	requires	placing	5G	base	stations	every	few	hundred	meters	in	order	to	use	higher	frequency
bands.	Also,	these	higher	frequency	5G	signals	cannot	penetrate	solid	objects	easily,	such	as	cars,	trees,	and	walls,	because	of	the	nature	of	these	higher	frequency	electromagnetic	waves.	5G	cells	can	be	deliberately	designed	to	be	as	inconspicuous	as	possible,	which	finds	applications	in	places	like	restaurants	and	shopping	malls.[65]	Cell	types
Deployment	environment	Max.	number	of	users	Output	power	(mW)	Max.	distance	from	base	station	5G	NR	FR2	Femtocell	Homes,	businesses	Home:	4–8Businesses:	16–32	indoors:	10–100outdoors:	200–1,000	tens	of	meters	Pico	cell	Public	areas	like	shopping	malls,airports,	train	stations,	skyscrapers	64	to	128	indoors:	100–250outdoors:	1,000–5,000
tens	of	meters	Micro	cell	Urban	areas	to	fill	coverage	gaps	128	to	256	outdoors:	5,000−10,000	few	hundreds	of	meters	Metro	cell	Urban	areas	to	provide	additional	capacity	more	than	250	outdoors:	10,000−20,000	hundreds	of	meters	Wi-Fi(for	comparison)	Homes,	businesses	fewer	than	50	indoors:	20–100outdoors:	200–1,000	few	tens	of	meters
Massive	MIMO	See	also:	Multi-user	MIMO	MIMO	systems	use	multiple	antennas	at	the	transmitter	and	receiver	ends	of	a	wireless	communication	system.	Multiple	antennas	use	the	spatial	dimension	for	multiplexing	in	addition	to	the	time	and	frequency	ones,	without	changing	the	bandwidth	requirements	of	the	system.	Massive	MIMO	(multiple-
input	and	multiple-output)	antennas	increases	sector	throughput	and	capacity	density	using	large	numbers	of	antennas.	This	includes	Single	User	MIMO	and	Multi-user	MIMO	(MU-MIMO).	Each	antenna	is	individually-controlled	and	may	embed	radio	transceiver	components.[citation	needed]	Edge	computing	Main	article:	Multi-access	edge
computing	Edge	computing	is	delivered	by	computing	servers	closer	to	the	ultimate	user.	It	reduces	latency	and	data	traffic	congestion.[66][67]	Small	cell	Main	article:	Small	cell	Small	cells	are	low-powered	cellular	radio	access	nodes	that	operate	in	licensed	and	unlicensed	spectrum	that	have	a	range	of	10	meters	to	a	few	kilometers.	Small	cells	are
critical	to	5G	networks,	as	5G's	radio	waves	can't	travel	long	distances,	because	of	5G's	higher	frequencies.[68][69][70][71]	Beamforming	Main	article:	Beamforming	There	are	two	kinds	of	beamforming:	digital	and	analog.	Digital	beamforming	involves	sending	the	data	across	multiple	streams	(layers),	while	analog	beamforming	shaping	the	radio
waves	to	point	in	a	specific	direction.	The	analog	BF	technique	combines	the	power	from	elements	of	the	antenna	array	in	such	a	way	that	signals	at	particular	angles	experience	constructive	interference,	while	other	signals	pointing	to	other	angles	experience	destructive	interference.	This	improves	signal	quality	in	the	specific	direction,	as	well	as
data	transfer	speeds.[citation	needed]	5G	uses	both	digital	and	analog	beamforming	to	improve	the	system	capacity.[citation	needed]	Convergence	of	Wi-Fi	and	cellular	One	expected	benefit	of	the	transition	to	5G	is	the	convergence	of	multiple	networking	functions	to	achieve	cost,	power,	and	complexity	reductions.	LTE	has	targeted	convergence
with	Wi-Fi	band/technology	via	various	efforts,	such	as	License	Assisted	Access	(LAA;	5G	signal	in	unlicensed	frequency	bands	that	are	also	used	by	Wi-Fi)	and	LTE-WLAN	Aggregation	(LWA;	convergence	with	Wi-Fi	Radio),	but	the	differing	capabilities	of	cellular	and	Wi-Fi	have	limited	the	scope	of	convergence.	However,	significant	improvement	in
cellular	performance	specifications	in	5G,	combined	with	migration	from	Distributed	Radio	Access	Network	(D-RAN)	to	Cloud-	or	Centralized-RAN	(C-RAN)	and	rollout	of	cellular	small	cells	can	potentially	narrow	the	gap	between	Wi-Fi	and	cellular	networks	in	dense	and	indoor	deployments.	Radio	convergence	could	result	in	sharing	ranging	from	the
aggregation	of	cellular	and	Wi-Fi	channels	to	the	use	of	a	single	silicon	device	for	multiple	radio	access	technologies."Article	-	5G	!	Solwise	Ltd".	NOMA	(non-orthogonal	multiple	access)	NOMA	(non-orthogonal	multiple	access)	is	a	proposed	multiple-access	technique	for	future	cellular	systems	via	allocation	of	power.[citation	needed]	SDN/NFV	Main
articles:	Software-defined	networking,	SD-WAN,	Network	function	virtualization,	and	5G	network	slicing	Initially,	cellular	mobile	communications	technologies	were	designed	in	the	context	of	providing	voice	services	and	Internet	access.	Today	a	new	era	of	innovative	tools	and	technologies	is	inclined	towards	developing	a	new	pool	of	applications.
This	pool	of	applications	consists	of	different	domains	such	as	the	Internet	of	Things	(IoT),	web	of	connected	autonomous	vehicles,	remotely	controlled	robots,	and	heterogeneous	sensors	connected	to	serve	versatile	applications.[72]	In	this	context,	network	slicing	has	emerged	as	a	key	technology	to	efficiently	embrace	this	new	market	model.[73]
Channel	coding	The	channel	coding	techniques	for	5G	NR	have	changed	from	Turbo	codes	in	4G	to	polar	codes	for	the	control	channels	and	LDPC	(low-density	parity	check	codes)	for	the	data	channels.[74][75]	Operation	in	unlicensed	spectrum	In	December	2018,	3GPP	began	working	on	unlicensed	spectrum	specifications	known	as	5G	NR-U,
targeting	3GPP	Release	16.[76]	Qualcomm	has	made	a	similar	proposal	for	LTE	in	unlicensed	spectrum.	Future	evolution	5G-Advanced	5G-Advanced	is	a	name	for	3GPP	release	18,	which	as	of	2021[update]	is	under	conceptual	development.[77][78][79]	Concerns	Security	concerns	See	also:	Concerns	over	Chinese	involvement	in	5G	wireless	networks
and	Criticism	of	Huawei	§	Espionage	and	security	concerns	A	report	published	by	the	European	Commission	and	European	Agency	for	Cybersecurity	details	the	security	issues	surrounding	5G.	The	report	warns	against	using	a	single	supplier	for	a	carrier's	5G	infrastructure,	especially	those	based	outside	the	European	Union.	(Nokia	and	Ericsson	are
the	only	European	manufacturers	of	5G	equipment.)[80]	On	October	18,	2018,	a	team	of	researchers	from	ETH	Zurich,	the	University	of	Lorraine	and	the	University	of	Dundee	released	a	paper	entitled,	"A	Formal	Analysis	of	5G	Authentication".[81][82]	It	alerted	that	5G	technology	could	open	ground	for	a	new	era	of	security	threats.	The	paper
described	the	technology	as	"immature	and	insufficiently	tested,"	and	one	that	"enables	the	movement	and	access	of	vastly	higher	quantities	of	data,	and	thus	broadens	attack	surfaces".	Simultaneously,	network	security	companies	such	as	Fortinet,[83]	Arbor	Networks,[84]	A10	Networks,[85]	and	Voxility[86]	advised	on	personalized	and	mixed
security	deployments	against	massive	DDoS	attacks	foreseen	after	5G	deployment.	IoT	Analytics	estimated	an	increase	in	the	number	of	IoT	devices,	enabled	by	5G	technology,	from	7	billion	in	2018	to	21.5	billion	by	2025.[87]	This	can	raise	the	attack	surface	for	these	devices	to	a	substantial	scale,	and	the	capacity	for	DDoS	attacks,	cryptojacking,
and	other	cyberattacks	could	boost	proportionally.[82]	Due	to	fears	of	potential	espionage	of	users	of	Chinese	equipment	vendors,	several	countries	(including	the	United	States,	Australia	and	the	United	Kingdom	as	of	early	2019)[88]	have	taken	actions	to	restrict	or	eliminate	the	use	of	Chinese	equipment	in	their	respective	5G	networks.	Chinese
vendors	and	the	Chinese	government	have	denied	claims	of	espionage.[clarification	needed]	On	7	October	2020,	the	UK	Parliament's	Defence	Committee	released	a	report	claiming	that	there	was	clear	evidence	of	collusion	between	Huawei	and	Chinese	state	and	the	Chinese	Communist	Party.	The	UK	Parliament's	Defence	Committee	said	that	the
government	should	consider	removal	of	all	Huawei	equipment	from	its	5G	networks	earlier	than	planned.[89]	Electromagnetic	interference	Weather	forecasting	Parts	of	this	article	(those	related	to	Systems	are	turned	on;	is	this	happening?)	need	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.
(January	2022)	The	spectrum	used	by	various	5G	proposals,	especially	the	n258	band	centered	at	26	GHz,	will	be	near	that	of	passive	remote	sensing	such	as	by	weather	and	Earth	observation	satellites,	particularly	for	water	vapor	monitoring	at	23.8	GHz.[90]	Interference	is	expected	to	occur	due	to	such	proximity	and	its	effect	could	be	significant
without	effective	controls.	An	increase	in	interference	already	occurred	with	some	other	prior	proximate	band	usages.[91][92]	Interference	to	satellite	operations	impairs	numerical	weather	prediction	performance	with	substantially	deleterious	economic	and	public	safety	impacts	in	areas	such	as	commercial	aviation.[93][94]	The	concerns	prompted
U.S.	Secretary	of	Commerce	Wilbur	Ross	and	NASA	Administrator	Jim	Bridenstine	in	February	2019	to	urge	the	FCC	to	delay	some	spectrum	auction	proposals,	which	was	rejected.[95]	The	chairs	of	the	House	Appropriations	Committee	and	House	Science	Committee	wrote	separate	letters	to	FCC	chairman	Ajit	Pai	asking	for	further	review	and
consultation	with	NOAA,	NASA,	and	DoD,	and	warning	of	harmful	impacts	to	national	security.[96]	Acting	NOAA	director	Neil	Jacobs	testified	before	the	House	Committee	in	May	2019	that	5G	out-of-band	emissions	could	produce	a	30%	reduction	in	weather	forecast	accuracy	and	that	the	resulting	degradation	in	ECMWF	model	performance	would
have	resulted	in	failure	to	predict	the	track	and	thus	the	impact	of	Superstorm	Sandy	in	2012.	The	United	States	Navy	in	March	2019	wrote	a	memorandum	warning	of	deterioration	and	made	technical	suggestions	to	control	band	bleed-over	limits,	for	testing	and	fielding,	and	for	coordination	of	the	wireless	industry	and	regulators	with	weather
forecasting	organizations.[97]	At	the	2019	quadrennial	World	Radiocommunication	Conference	(WRC),	atmospheric	scientists	advocated	for	a	strong	buffer	of	−55	dBW,	European	regulators	agreed	on	a	recommendation	of	−42	dBW,	and	US	regulators	(the	FCC)	recommended	a	restriction	of	−20	dBW,	which	would	permit	signals	150	times	stronger
than	the	European	proposal.	The	ITU	decided	on	an	intermediate	−33	dBW	until	September	1,	2027	and	after	that	a	standard	of	−39	dBW.[98]	This	is	closer	to	the	European	recommendation	but	even	the	delayed	higher	standard	is	much	weaker	than	that	pleaded	for	by	atmospheric	scientists,	triggering	warnings	from	the	World	Meteorological
Organization	(WMO)	that	the	ITU	standard,	at	10	times	less	stringent	than	its	recommendation,	brings	the	"potential	to	significantly	degrade	the	accuracy	of	data	collected".[99]	A	representative	of	the	American	Meteorological	Society	(AMS)	also	warned	of	interference,[100]	and	the	European	Centre	for	Medium-Range	Weather	Forecasts	(ECMWF),
sternly	warned,	saying	that	society	risks	"history	repeat[ing]	itself"	by	ignoring	atmospheric	scientists'	warnings	(referencing	global	warming,	monitoring	of	which	could	be	imperiled).[101]	In	December	2019,	a	bipartisan	request	was	sent	from	the	US	House	Science	Committee	to	the	Government	Accountability	Office	(GAO)	to	investigate	why	there
is	such	a	discrepancy	between	recommendations	of	US	civilian	and	military	science	agencies	and	the	regulator,	the	FCC.[102]	Aviation	The	United	States	FAA	has	warned	that	radar	altimeters	on	aircraft,	which	operate	between	4.2	and	4.4	GHz,	might	be	affected	by	5G	operations	between	3.7	and	3.98	GHz.	This	is	particularly	an	issue	with	older
altimeters	using	RF	filters[103]	which	lack	protection	from	neighboring	bands.[104]	This	is	not	as	much	of	an	issue	in	Europe,	where	5G	uses	lower	frequencies	between	3.4	and	3.8	GHz.[105]	Nonetheless,	the	DGAC	in	France	has	also	expressed	similar	worries	and	recommended	5G	phones	be	turned	off	or	be	put	in	airplane	mode	during	flights.[106]
On	December	31,	2021,	U.S.	Transportation	Secretary	Pete	Buttigieg	and	Steve	Dickinson,	administrator	of	the	Federal	Aviation	Administration	asked	the	chief	executives	of	AT&T	and	Verizon	to	delay	5G	implementation	over	aviation	concerns.	The	government	officials	asked	for	a	two-week	delay	starting	on	January	5,	2022	while	investigations	are
conducted	on	the	effects	on	radar	altimeters.	The	government	transportation	officials	also	asked	the	cellular	providers	to	hold	off	their	new	5G	service	near	50	priority	airports,	to	minimize	disruption	to	air	traffic	that	would	be	caused	by	some	planes	being	disallowed	from	landing	in	poor	visibility.[107]	After	coming	to	an	agreement	with	government
officials	the	day	before,[108]	Verizon	and	AT&T	activated	their	5G	networks	on	January	19,	2022,	except	for	certain	towers	near	50	airports.[109]	AT&T	scaled	back	its	deployment	even	further	than	its	agreement	with	the	FAA	required.[110]	The	FAA	rushed	to	test	and	certify	radar	altimeters	for	interference	so	that	planes	could	be	allowed	to
perform	instrument	landings	(e.g.	at	night	and	in	low	visibility)	at	affected	airports.	By	January	16,	it	had	certified	equipment	on	45%	of	the	U.S.	fleet,	and	78%	by	January	20.[111]	Airlines	complained	about	the	avoidable	impact	on	their	operations,	and	commentators	said	the	affair	called	into	question	the	competence	of	the	FAA.[112]	Several
international	airlines	substituted	different	planes	so	they	could	avoid	problems	landing	at	scheduled	airports,	and	about	2%	of	flights	(320)	were	cancelled	by	the	evening	of	January	19.[113]	Further	information:	C	band	(IEEE)	Satellite	A	number	of	5G	networks	deployed	on	the	radio	frequency	band	of	3.3–3.6	GHz	is	expected	to	cause	interference
with	C-Band	satellite	stations,	which	operate	by	receiving	satellite	signals	at	3.4–4.2	GHz	frequency.[114]	This	interference	can	be	mitigated	with	low-noise	block	downconverters	and	waveguide	filters.[114]	Wi-Fi	In	regions	like	the	US	and	EU,	the	6	GHz	band	is	to	be	opened	up	for	unlicensed	applications,	which	would	permit	the	deployment	of	5G-
NR	Unlicensed,	5G	version	of	LTE	in	unlicensed	spectrum,	as	well	as	Wi-Fi	6e.	However,	interference	could	occur	with	the	co-existence	of	different	standards	in	the	frequency	band.[115]	Overhype	There	have	been	concerns	surrounding	the	promotion	of	5G,	questioning	whether	the	technology	is	overhyped.	There	are	questions	on	whether	5G	will
truly	change	the	customer	experience,[116]	ability	for	5G's	mmWave	signal	to	provide	significant	coverage,[117][118]	overstating	what	5G	can	achieve	or	misattributing	continuous	technological	improvement	to	"5G",[119]	lack	of	new	use	case	for	carriers	to	profit	from,[120]	wrong	focus	on	emphasizing	direct	benefits	on	individual	consumers	instead
of	for	internet	of	things	devices	or	solving	the	Last	mile	problem,[121]	and	overshadowing	the	possibility	that	in	some	aspects	there	might	be	other	more	appropriate	technologies.[122]	Such	sort	of	concerns	have	also	lead	to	consumers	not	trusting	information	provided	by	cellular	providers	on	the	topic.[123]	Misinformation	and	controversy	Main
article:	Misinformation	related	to	5G	technology	Health	See	also:	Wireless	device	radiation	and	health	There	is	a	long	history	of	fear	and	anxiety	surrounding	wireless	signals	that	predates	5G	technology.	The	fears	about	5G	are	similar	to	those	that	have	persisted	throughout	the	1990s	and	2000s.	They	center	on	fringe	claims	that	non-ionising
radiation	poses	dangers	to	human	health.[124]	Unlike	ionising	radiation,	non-ionizing	radiation	cannot	remove	electrons	from	atoms.	The	CDC	says	"Exposure	to	intense,	direct	amounts	of	non-ionizing	radiation	may	result	in	damage	to	tissue	due	to	heat.	This	is	not	common	and	mainly	of	concern	in	the	workplace	for	those	who	work	on	large	sources
of	non-ionizing	radiation	devices	and	instruments."[125]	Some	advocates	of	fringe	health	claim	the	regulatory	standards	are	too	low	and	influenced	by	lobbying	groups.[124]	Many	popular	books	of	dubious	merit	have	been	published	on	the	subject	including	one	by	Joseph	Mercola	alleging	that	wireless	technologies	caused	numerous	conditions	from
ADHD	to	heart	diseases	and	brain	cancer.	Mercola	has	drawn	sharp	criticism	for	his	anti-vaccinationism	during	the	COVID-19	pandemic	and	was	warned	by	the	FDA	to	stop	selling	fake	COVID-19	cures	through	his	online	alternative	medicine	business.[124][126]	According	to	the	New	York	Times,	one	origin	of	the	5G	health	controversy	was	an
erroneous	unpublished	study	that	physicist	Bill	P.	Curry	did	for	the	Broward	County	School	Board	in	2000	which	indicated	that	the	absorption	of	external	microwaves	by	brain	tissue	increased	with	frequency.[127]	According	to	experts	this	was	wrong,	the	millimeter	waves	used	in	5G	are	safer	than	lower	frequency	microwaves	because	they	cannot
penetrate	the	skin	and	reach	internal	organs.	Curry	had	confused	in	vitro	and	in	vivo	research.	However	Curry's	study	was	widely	distributed	on	the	internet.	Writing	in	The	New	York	Times	in	2019,	William	Broad	reported	that	RT	America	began	airing	programming	linking	5G	to	harmful	health	effects	which	"lack	scientific	support",	such	as	"brain
cancer,	infertility,	autism,	heart	tumors,	and	Alzheimer's	disease".	Broad	asserted	that	the	claims	had	increased.	RT	America	had	run	seven	programs	on	this	theme	by	mid-April	2019	but	only	one	in	the	whole	of	2018.	The	network's	coverage	had	spread	to	hundreds	of	blogs	and	websites.[128]	In	April	2019,	the	city	of	Brussels	in	Belgium	blocked	a
5G	trial	because	of	radiation	rules.[129]	In	Geneva,	Switzerland,	a	planned	upgrade	to	5G	was	stopped	for	the	same	reason.[130]	The	Swiss	Telecommunications	Association	(ASUT)	has	said	that	studies	have	been	unable	to	show	that	5G	frequencies	have	any	health	impact.[131]	According	to	CNET,[132]	"Members	of	Parliament	in	the	Netherlands
are	also	calling	on	the	government	to	take	a	closer	look	at	5G.	Several	leaders	in	the	United	States	Congress	have	written	to	the	Federal	Communications	Commission	expressing	concern	about	potential	health	risks.	In	Mill	Valley,	California,	the	city	council	blocked	the	deployment	of	new	5G	wireless	cells."[132][133][134][135][136]	Similar	concerns
were	raised	in	Vermont[137]	and	New	Hampshire.[132]	The	US	FDA	is	quoted	saying	that	it	“continues	to	believe	that	the	current	safety	limits	for	cellphone	radiofrequency	energy	exposure	remain	acceptable	for	protecting	the	public	health.”[138]	After	campaigning	by	activist	groups,	a	series	of	small	localities	in	the	UK,	including	Totnes,	Brighton
and	Hove,	Glastonbury,	and	Frome,	passed	resolutions	against	the	implementation	of	further	5G	infrastructure,	though	these	resolutions	have	no	impact	on	rollout	plans.[139][140][141]	COVID-19	conspiracy	theories	and	arson	attacks	Main	article:	COVID-19	misinformation	§	5G	mobile-phone	networks	The	World	Health	Organization	published	a
mythbuster	infographic	to	combat	the	conspiracy	theories	about	COVID-19	and	5G.	As	the	introduction	of	5G	technology	coincided	with	the	time	of	COVID-19	pandemic,	several	conspiracy	theories	circulating	online	posited	a	link	between	SARS‑CoV‑2	and	5G.[142]	This	has	led	to	dozens	of	arson	attacks	being	made	on	telecom	masts	in	the
Netherlands	(Amsterdam,	Rotterdam,	etc.),	Ireland	(Cork,[143]	etc.),	Cyprus,	the	United	Kingdom	(Dagenham,	Huddersfield,	Birmingham,	Belfast	and	Liverpool[144][145]),	Belgium	(Pelt),	Italy	(Maddaloni),	Croatia	(Bibinje[146])	and	Sweden.[147]	It	led	to	at	least	61	suspected	arson	attacks	against	telephone	masts	in	the	United	Kingdom	alone[148]
and	over	twenty	in	The	Netherlands.	In	the	early	months	of	the	pandemic	anti-lockdown	protesters	at	protests	over	responses	to	the	COVID-19	pandemic	in	Australia	were	seen	with	anti-5G	signs,	an	early	sign	of	what	became	a	wider	campaign	by	conspiracy	theorists	to	link	the	pandemic	with	5G	technology.	There	are	two	versions	of	the	5G-COVID
19	conspiracy	theory:[124]	The	first	version	claims	that	radiation	weakens	the	immune	system,	making	the	body	more	vulnerable	to	SARS-CoV-2	(the	virus	that	causes	COVID-19).	The	second	version	claims	that	5G	causes	COVID-19.	There	are	different	variations	on	this.	Some	claim	that	the	pandemic	is	coverup	of	illness	caused	by	5G	radiation	or
that	COVID-19	originated	in	Wuhan	because	that	city	was	"the	guinea-pig	city	for	5G".	Marketing	of	non-5G	services	Main	articles:	5G	Evolution,	LTE	Advanced	Pro,	and	LTE	Advanced	In	various	parts	of	the	world,	carriers	have	launched	numerous	differently	branded	technologies,	such	as	"5G	Evolution",	which	advertise	improving	existing	networks
with	the	use	of	"5G	technology".[149]	However,	these	pre-5G	networks	are	an	improvement	on	specifications	of	existing	LTE	networks	that	are	not	exclusive	to	5G.	While	the	technology	promises	to	deliver	higher	speeds,	and	is	described	by	AT&T	as	a	"foundation	for	our	evolution	to	5G	while	the	5G	standards	are	being	finalized,"	it	cannot	be
considered	to	be	true	5G.	When	AT&T	announced	5G	Evolution,	4x4	MIMO,	the	technology	that	AT&T	is	using	to	deliver	the	higher	speeds,	had	already	been	put	in	place	by	T-Mobile	without	being	branded	with	the	5G	moniker.	It	is	claimed	that	such	branding	is	a	marketing	move	that	will	cause	confusion	with	consumers,	as	it	is	not	made	clear	that
such	improvements	are	not	true	5G.[150]	History	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(April	2019)	This	article	is	in	list	format	but	may	read	better	as	prose.	You	can	help	by	converting	this	article,	if	appropriate.	Editing	help	is	available.	(March	2022)	In	April	2008,
NASA	partnered	with	Geoff	Brown	and	Machine-to-Machine	Intelligence	(M2Mi)	Corp	to	develop	a	fifth	generation	communications	technology	approach,	though	largely	concerned	with	working	with	nanosats.[151]	In	2008,	the	South	Korean	IT	R&D	program	of	"5G	mobile	communication	systems	based	on	beam-division	multiple	access	and	relays
with	group	cooperation"	was	formed.[152]	In	August	2012,	New	York	University	founded	NYU	Wireless,	a	multi-disciplinary	academic	research	centre	that	has	conducted	pioneering	work	in	5G	wireless	communications.[153]	On	October	8,	2012,	the	UK's	University	of	Surrey	secured	£35M	for	a	new	5G	research	centre,	jointly	funded	by	the	British
government's	UK	Research	Partnership	Investment	Fund	(UKRPIF)	and	a	consortium	of	key	international	mobile	operators	and	infrastructure	providers,	including	Huawei,	Samsung,	Telefónica	Europe,	Fujitsu	Laboratories	Europe,	Rohde	&	Schwarz,	and	Aircom	International.	It	will	offer	testing	facilities	to	mobile	operators	keen	to	develop	a	mobile
standard	that	uses	less	energy	and	less	radio	spectrum,	while	delivering	speeds	higher	than	current	4G	with	aspirations	for	the	new	technology	to	be	ready	within	a	decade.[154][155][156][157]	On	November	1,	2012,	the	EU	project	"Mobile	and	wireless	communications	Enablers	for	the	Twenty-twenty	Information	Society"	(METIS)	starts	its	activity
toward	the	definition	of	5G.	METIS	achieved	an	early	global	consensus	on	these	systems.	In	this	sense,	METIS	played	an	important	role	of	building	consensus	among	other	external	major	stakeholders	prior	to	global	standardization	activities.	This	was	done	by	initiating	and	addressing	work	in	relevant	global	fora	(e.g.	ITU-R),	as	well	as	in	national	and
regional	regulatory	bodies.[158]	Also	in	November	2012,	the	iJOIN	EU	project	was	launched,	focusing	on	"small	cell"	technology,	which	is	of	key	importance	for	taking	advantage	of	limited	and	strategic	resources,	such	as	the	radio	wave	spectrum.	According	to	Günther	Oettinger,	the	European	Commissioner	for	Digital	Economy	and	Society	(2014–
2019),	"an	innovative	utilization	of	spectrum"	is	one	of	the	key	factors	at	the	heart	of	5G	success.	Oettinger	further	described	it	as	"the	essential	resource	for	the	wireless	connectivity	of	which	5G	will	be	the	main	driver".[159]	iJOIN	was	selected	by	the	European	Commission	as	one	of	the	pioneering	5G	research	projects	to	showcase	early	results	on
this	technology	at	the	Mobile	World	Congress	2015	(Barcelona,	Spain).	In	February	2013,	ITU-R	Working	Party	5D	(WP	5D)	started	two	study	items:	(1)	Study	on	IMT	Vision	for	2020	and	beyond,	and;	(2)	Study	on	future	technology	trends	for	terrestrial	IMT	systems.	Both	aiming	at	having	a	better	understanding	of	future	technical	aspects	of	mobile
communications	toward	the	definition	of	the	next	generation	mobile.[160]	On	May	12,	2013,	Samsung	Electronics	stated	that	they	had	developed	a	"5G"	system.	The	core	technology	has	a	maximum	speed	of	tens	of	Gbit/s	(gigabits	per	second).	In	testing,	the	transfer	speeds	for	the	"5G"	network	sent	data	at	1.056	Gbit/s	to	a	distance	of	up	to
2	kilometers	with	the	use	of	an	8*8	MIMO.[161][162]	In	July	2013,	India	and	Israel	agreed	to	work	jointly	on	development	of	fifth	generation	(5G)	telecom	technologies.[163]	On	October	1,	2013,	NTT	(Nippon	Telegraph	and	Telephone),	the	same	company	to	launch	world's	first	5G	network	in	Japan,	wins	Minister	of	Internal	Affairs	and
Communications	Award	at	CEATEC	for	5G	R&D	efforts.[164]	On	November	6,	2013,	Huawei	announced	plans	to	invest	a	minimum	of	$600	million	into	R&D	for	next	generation	5G	networks	capable	of	speeds	100	times	higher	than	modern	LTE	networks.[165]	On	April	3,	2019,	South	Korea	became	the	first	country	to	adopt	5G.[166]	Just	hours	later,
Verizon	launched	its	5G	services	in	the	United	States,	and	disputed	South	Korea's	claim	of	becoming	the	world's	first	country	with	a	5G	network,	because	allegedly,	South	Korea's	5G	service	was	launched	initially	for	just	six	South	Korean	celebrities	so	that	South	Korea	could	claim	the	title	of	having	the	world's	first	5G	network.[167]	In	fact,	the	three
main	South	Korean	telecommunication	companies	(SK	Telecom,	KT,	and	LG	Uplus)	added	more	than	40,000	users	to	their	5G	network	on	the	launch	day.[168]	In	June	2019,	the	Philippines	became	the	first	country	in	Southeast	Asia	to	roll	out	a	5G	network	after	Globe	Telecom	commercially	launched	its	5G	data	plans	to	customers.[169]	AT&T	brings
5G	service	to	consumers	and	businesses	in	December	2019	ahead	of	plans	to	offer	5G	throughout	the	United	States	in	the	first	half	of	2020.[170][171]	Other	applications	Automobiles	5G	Automotive	Association	have	been	promoting	the	C-V2X	communication	technology	that	will	first	be	deployed	in	4G.	It	provides	for	communication	between	vehicles
and	infrastructures.[172]	Digital	Twins	A	real	time	digital	twin	of	the	real	object	such	as	a	turbine	engine,	aircraft,	wind	turbines,	offshore	platform	and	pipelines.	5G	networks	helps[173]	in	building	it	due	to	the	latency	and	throughput	to	capture	near	real-time	IoT	data	and	support	digital	twins.[174]	Public	safety	Mission-critical	push-to-talk	(MCPTT)
and	mission-critical	video	and	data	are	expected	to	be	furthered	in	5G.[175]	Fixed	wireless	Fixed	wireless	connections	will	offer	an	alternative	to	fixed	line	broadband	(ADSL,	VDSL,	Fiber	optic,	and	DOCSIS	connections)	in	some	locations.[176][177][178]	Wireless	video	transmission	for	broadcast	applications	Sony	has	tested	the	possibility	of	using
local	5G	networks	to	replace	the	SDI	cables	currently	used	in	broadcast	camcorders.[179]	The	5G	Broadcast	tests	started	around	2020	(Orkneys,	Bavaria,	Austria,	Central	Bohemia)	based	on	FeMBMS	(Further	evolved	multimedia	broadcast	multicast	service).[180]	The	aim	is	to	serve	unlimited	number	of	mobile	or	fixed	devices	with	video	(TV)	and
audio	(radio)	streams	without	these	consuming	any	data	flow	or	even	being	authentificated	in	a	network.	See	also	1G	2G	3G	4G	5G	wireless	power	6G	Wireless	device	radiation	and	health	References	^	"Positive	5G	Outlook	Post	COVID-19:	What	Does	It	Mean	for	Avid	Gamers?".	Forest	Interactive.	Retrieved	November	13,	2020.	^	Hoffman,	Chris
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