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Bitmap	image	file	format	family	For	other	uses,	see	GIF	(disambiguation).	GIFAn	animated	GIF	of	a	rotating	globeFilename	extension	.gifInternet	media	type	image/gifType	codeGIFfUniform	Type	Identifier	(UTI)com.compuserve.gifMagic	numberGIF87a/GIF89aDeveloped	byCompuServeInitial	release15	June	1987;	35	years	ago	(1987-06-15)[1]Latest
release89a1989;	33	years	ago	(1989)[2]	Type	of	formatlossless	bitmap	image	formatWebsitewww.w3.org/Graphics/GIF/spec-gif89a.txt	The	Graphics	Interchange	Format	(GIF;	/ɡɪf/	GHIF	or	/dʒɪf/	JIF	,	see	pronunciation)	is	a	bitmap	image	format	that	was	developed	by	a	team	at	the	online	services	provider	CompuServe	led	by	American	computer
scientist	Steve	Wilhite	and	released	on	15	June	1987.[1]	It	is	in	widespread	usage	on	the	World	Wide	Web	due	to	its	wide	support	and	portability	between	applications	and	operating	systems.	The	format	supports	up	to	8	bits	per	pixel	for	each	image,	allowing	a	single	image	to	reference	its	own	palette	of	up	to	256	different	colors	chosen	from	the	24-
bit	RGB	color	space.	It	also	supports	animations	and	allows	a	separate	palette	of	up	to	256	colors	for	each	frame.	These	palette	limitations	make	GIF	less	suitable	for	reproducing	color	photographs	and	other	images	with	color	gradients,	but	well-suited	for	simpler	images	such	as	graphics	or	logos	with	solid	areas	of	color.	GIF	images	are	compressed
using	the	Lempel–Ziv–Welch	(LZW)	lossless	data	compression	technique	to	reduce	the	file	size	without	degrading	the	visual	quality.	History	Further	information:	§	Unisys	and	LZW	patent	enforcement	CompuServe	introduced	GIF	on	15	June	1987	to	provide	a	color	image	format	for	their	file	downloading	areas.	This	replaced	their	earlier	run-length
encoding	format,	which	was	black	and	white	only.	GIF	became	popular	because	it	used	Lempel–Ziv–Welch	data	compression.	Since	this	was	more	efficient	than	the	run-length	encoding	used	by	PCX	and	MacPaint,	fairly	large	images	could	be	downloaded	reasonably	quickly	even	with	slow	modems.	The	original	version	of	GIF	was	called	87a.[1]	This
version	already	supported	multiple	images	in	a	stream.	In	1989,	CompuServe	released	an	enhanced	version,	called	89a,[2]	This	version	added:	support	for	animation	delays	transparent	background	colors	storage	of	application-specific	metadata	allowing	text	labels	as	text	(not	embedding	them	in	the	graphical	data).	As	there	is	little	control	over
display	fonts,	however,	this	feature	is	rarely	used.	The	two	versions	can	be	distinguished	by	looking	at	the	first	six	bytes	of	the	file	(the	"magic	number"	or	signature),	which,	when	interpreted	as	ASCII,	read	"GIF87a"	or	"GIF89a",	respectively.	CompuServe	encouraged	the	adoption	of	GIF	by	providing	downloadable	conversion	utilities	for	many
computers.	By	December	1987,	for	example,	an	Apple	IIGS	user	could	view	pictures	created	on	an	Atari	ST	or	Commodore	64.[3]	GIF	was	one	of	the	first	two	image	formats	commonly	used	on	Web	sites,	the	other	being	the	black-and-white	XBM.[4]	In	September	1995	Netscape	Navigator	2.0	added	the	ability	for	animated	GIFs	to	loop.	While	GIF	was
developed	by	CompuServe,	it	used	the	Lempel–Ziv–Welch	(LZW)	lossless	data	compression	algorithm	patented	by	Unisys	in	1985.	Controversy	over	the	licensing	agreement	between	Unisys	and	CompuServe	in	1994	spurred	the	development	of	the	Portable	Network	Graphics	(PNG)	standard.	In	2004,	all	patents	relating	to	the	proprietary	compression
used	for	GIF	expired.	The	feature	of	storing	multiple	images	in	one	file,	accompanied	by	control	data,	is	used	extensively	on	the	Web	to	produce	simple	animations.	The	optional	interlacing	feature,	which	stores	image	scan	lines	out	of	order	in	such	a	fashion	that	even	a	partially	downloaded	image	was	somewhat	recognizable,	also	helped	GIF's
popularity,[5]	as	a	user	could	abort	the	download	if	it	was	not	what	was	required.	In	May	2015	Facebook	added	support	for	GIF.[6][7]	In	January	2018	Instagram	also	added	GIF	stickers	to	the	story	mode.[8]	Terminology	As	a	noun,	the	word	GIF	is	found	in	the	newer	editions	of	many	dictionaries.	In	2012,	the	American	wing	of	the	Oxford	University
Press	recognized	GIF	as	a	verb	as	well,	meaning	"to	create	a	GIF	file",	as	in	"GIFing	was	the	perfect	medium	for	sharing	scenes	from	the	Summer	Olympics".	The	press's	lexicographers	voted	it	their	word	of	the	year,	saying	that	GIFs	have	evolved	into	"a	tool	with	serious	applications	including	research	and	journalism".[9][10]	Pronunciation	Main
article:	Pronunciation	of	GIF	A	humorous	image	announcing	the	launch	of	a	Tumblr	account	for	the	White	House	suggests	pronouncing	GIF	with	a	hard	g.	The	pronunciation	of	the	first	letter	of	GIF	has	been	disputed	since	the	1990s.	The	most	common	pronunciations	in	English	are	/dʒɪf/	(listen)	(with	a	soft	g	as	in	gin)	and	/ɡɪf/	(listen)	(with	a	hard	g
as	in	gift),	differing	in	the	phoneme	represented	by	the	letter	G.	The	creators	of	the	format	pronounced	the	acronym	GIF	as	/dʒɪf/,	with	a	soft	g,	with	Wilhite	stating	that	he	intended	for	the	pronunciation	to	deliberately	echo	the	American	peanut	butter	brand	Jif,	and	CompuServe	employees	would	often	quip	"choosy	developers	choose	GIF",	a	spoof	of
Jif's	television	commercials.[11]	However,	the	word	is	widely	pronounced	as	/ɡɪf/,	with	a	hard	g,[12]	and	polls	have	generally	shown	that	this	hard	g	pronunciation	is	more	prevalent.[13][14]	Dictionary.com[15]	cites	both	pronunciations,	indicating	/dʒɪf/	as	the	primary	pronunciation,	while	Cambridge	Dictionary	of	American	English[16]	offers	only	the
hard-g	pronunciation.	Merriam-Webster's	Collegiate	Dictionary[17]	and	Oxford	Dictionaries	cite	both	pronunciations,	but	place	the	hard	g	first:	/ɡɪf,	dʒɪf/.[18][19][20][21]	The	New	Oxford	American	Dictionary	gave	only	/dʒɪf/	in	its	second	edition[22]	but	updated	it	to	/dʒɪf,	ɡɪf/	in	the	third	edition.[23]	The	disagreement	over	the	pronunciation	has	led	to
heated	Internet	debate.	On	the	occasion	of	receiving	a	lifetime	achievement	award	at	the	2013	Webby	Awards	ceremony,	Wilhite	publicly	rejected	the	hard-g	pronunciation;[12][24][25]	his	speech	led	to	more	than	17,000	posts	on	Twitter	and	dozens	of	news	articles.[26]	The	White	House[12]	and	the	TV	program	Jeopardy!	also	entered	the	debate	in
2013.[25]	In	February	2020,	The	J.M.	Smucker	Company,	the	owners	of	the	Jif	brand,	partnered	with	the	animated	image	database	and	search	engine	Giphy	to	release	a	limited-edition	"Jif	vs.	GIF"	(hashtagged	as	#JIFvsGIF)	jar	of	peanut	butter	that	had	a	label	humorously	declaring	the	soft-g	pronunciation	to	refer	exclusively	to	the	peanut	butter,	and
GIF	to	be	exclusively	pronounced	with	the	hard-g	pronunciation.[27]	Usage	GIFs	are	suitable	for	sharp-edged	line	art	with	a	limited	number	of	colors,	such	as	logos.	This	takes	advantage	of	the	format's	lossless	compression,	which	favors	flat	areas	of	uniform	color	with	well	defined	edges.[28]	They	can	also	be	used	to	store	low-color	sprite	data	for
games.[29]	GIFs	can	be	used	for	small	animations	and	low-resolution	video	clips,	or	as	reactions	in	online	messaging	used	to	convey	emotion	and	feelings	instead	of	using	words.	They	are	popular	on	social	media	platforms	such	as	Tumblr,[30]	Facebook	and	Twitter.[31]	File	format	Conceptually,	a	GIF	file	describes	a	fixed-sized	graphical	area	(the
"logical	screen")	populated	with	zero	or	more	"images".	Many	GIF	files	have	a	single	image	that	fills	the	entire	logical	screen.	Others	divide	the	logical	screen	into	separate	sub-images.	The	images	may	also	function	as	animation	frames	in	an	animated	GIF	file,	but	again	these	need	not	fill	the	entire	logical	screen.	GIF	files	start	with	a	fixed-length
header	("GIF87a"	or	"GIF89a")	giving	the	version,	followed	by	a	fixed-length	Logical	Screen	Descriptor	giving	the	pixel	dimensions	and	other	characteristics	of	the	logical	screen.	The	screen	descriptor	may	also	specify	the	presence	and	size	of	a	Global	Color	Table	(GCT),	which	follows	next	if	present.	Thereafter,	the	file	is	divided	into	segments,	each
introduced	by	a	1-byte	sentinel:	An	image	(introduced	by	0x2C,	an	ASCII	comma	',')	An	extension	block	(introduced	by	0x21,	an	ASCII	exclamation	point	'!')	The	trailer	(a	single	byte	of	value	0x3B,	an	ASCII	semicolon	';'),	which	should	be	the	last	byte	of	the	file.	An	image	starts	with	a	fixed-length	Image	Descriptor,	which	may	specify	the	presence	and
size	of	a	Local	Color	Table	(which	follows	next	if	present).	The	image	data	follows:	one	byte	giving	the	bit	width	of	the	unencoded	symbols	(which	must	be	at	least	2	bits	wide,	even	for	bi-color	images),	followed	by	a	linked	list	of	sub-blocks	containing	the	LZW-encoded	data.	Extension	blocks	(blocks	that	"extend"	the	87a	definition	via	a	mechanism
already	defined	in	the	87a	spec)	consist	of	the	sentinel,	an	additional	byte	specifying	the	type	of	extension,	and	a	linked	list	of	sub-blocks	with	the	extension	data.	Extension	blocks	that	modify	an	image	(like	the	Graphic	Control	Extension	that	specifies	the	optional	animation	delay	time	and	optional	transparent	background	color)	must	immediately
precede	the	segment	with	the	image	they	refer	to.	The	linked	lists	used	by	the	image	data	and	the	extension	blocks	consist	of	series	of	sub-blocks,	each	sub-block	beginning	with	a	byte	giving	the	number	of	subsequent	data	bytes	in	the	sub-block	(1	to	255).	The	series	of	sub-blocks	is	terminated	by	an	empty	sub-block	(a	0	byte).	This	structure	allows
the	file	to	be	parsed	even	if	not	all	parts	are	understood.	A	GIF	marked	87a	may	contain	extension	blocks;	the	intent	is	that	a	decoder	can	read	and	display	the	file	without	the	features	covered	in	extensions	it	does	not	understand.	The	full	detail	of	the	file	format	is	covered	in	the	GIF	specification.[2]	Palettes	An	example	of	a	GIF	image	saved	with	a
web-safe	palette	and	dithered	using	the	Floyd–Steinberg	method.	Due	to	the	reduced	number	of	colors	in	the	image,	there	are	display	issues.	GIF	is	palette-based:	the	colors	used	in	an	image	(a	frame)	in	the	file	have	their	RGB	values	defined	in	a	palette	table	that	can	hold	up	to	256	entries,	and	the	data	for	the	image	refer	to	the	colors	by	their
indices	(0–255)	in	the	palette	table.	The	color	definitions	in	the	palette	can	be	drawn	from	a	color	space	of	millions	of	shades	(224	shades,	8	bits	for	each	primary),	but	the	maximum	number	of	colors	a	frame	can	use	is	256.	This	limitation	seemed	reasonable	when	GIF	was	developed	because	few	people	could	afford	the	hardware	to	display	more	colors
simultaneously.	Simple	graphics,	line	drawings,	cartoons,	and	grey-scale	photographs	typically	need	fewer	than	256	colors.	Each	frame	can	designate	one	index	as	a	"transparent	background	color":	any	pixel	assigned	this	index	takes	on	the	color	of	the	pixel	in	the	same	position	from	the	background,	which	may	have	been	determined	by	a	previous
frame	of	animation.	Many	techniques,	collectively	called	dithering,	have	been	developed	to	approximate	a	wider	range	of	colors	with	a	small	color	palette	by	using	pixels	of	two	or	more	colors	to	approximate	in-between	colors.	These	techniques	sacrifice	spatial	resolution	to	approximate	deeper	color	resolution.	While	not	part	of	the	GIF	specification,
dithering	can	be	used	in	images	subsequently	encoded	as	GIF	images.	This	is	often	not	an	ideal	solution	for	GIF	images,	both	because	the	loss	of	spatial	resolution	typically	makes	an	image	look	fuzzy	on	the	screen,	and	because	the	dithering	patterns	often	interfere	with	the	compressibility	of	the	image	data,	working	against	GIF's	main	purpose.	In	the
early	days	of	graphical	web	browsers[when?],	graphics	cards	with	8-bit	buffers	(allowing	only	256	colors)	were	common	and	it	was	fairly	common	to	make	GIF	images	using	the	websafe	palette.[according	to	whom?]	This	ensured	predictable	display,	but	severely	limited	the	choice	of	colors.	When	24-bit	color	became	the	norm,	palettes	could	instead
be	populated	with	the	optimum	colors	for	individual	images.	A	small	color	table	may	suffice	for	small	images,	and	keeping	the	color	table	small	allows	the	file	to	be	downloaded	faster.	Both	the	87a	and	89a	specifications	allow	color	tables	of	2n	colors	for	any	n	from	1	through	8.	Most	graphics	applications	will	read	and	display	GIF	images	with	any	of
these	table	sizes;	but	some	do	not	support	all	sizes	when	creating	images.	Tables	of	2,	16,	and	256	colors	are	widely	supported.	True	color	Although	GIF	is	almost	never	used	for	true	color	images,	it	is	possible	to	do	so.[32][33]	A	GIF	image	can	include	multiple	image	blocks,	each	of	which	can	have	its	own	256-color	palette,	and	the	blocks	can	be	tiled
to	create	a	complete	image.	Alternatively,	the	GIF89a	specification	introduced	the	idea	of	a	"transparent"	color	where	each	image	block	can	include	its	own	palette	of	255	visible	colors	plus	one	transparent	color.	A	complete	image	can	be	created	by	layering	image	blocks	with	the	visible	portion	of	each	layer	showing	through	the	transparent	portions
of	the	layers	above.	An	animated	GIF	illustrating	a	technique	for	displaying	more	than	the	typical	limit	of	256	colors	To	render	a	full-color	image	as	a	GIF,	the	original	image	must	be	broken	down	into	smaller	regions	having	no	more	than	255	or	256	different	colors.	Each	of	these	regions	is	then	stored	as	a	separate	image	block	with	its	own	local
palette	and	when	the	image	blocks	are	displayed	together	(either	by	tiling	or	by	layering	partially	transparent	image	blocks),	the	complete,	full-color	image	appears.	For	example,	breaking	an	image	into	tiles	of	16	by	16	pixels	(256	pixels	in	total)	ensures	that	no	tile	has	more	than	the	local	palette	limit	of	256	colors,	although	larger	tiles	may	be	used
and	similar	colors	merged	resulting	in	some	loss	of	color	information.[32]	Since	each	image	block	can	have	its	own	local	color	table,	a	GIF	file	having	many	image	blocks	can	be	very	large,	limiting	the	usefulness	of	full-color	GIFs.[33]	Additionally,	not	all	GIF	rendering	programs	handle	tiled	or	layered	images	correctly.	Many	rendering	programs
interpret	tiles	or	layers	as	animation	frames	and	display	them	in	sequence	as	an	animation[32]	with	most	web	browsers	automatically	displaying	the	frames	with	a	delay	time	of	0.1	seconds	or	more.[34][35][better	source	needed]	Example	GIF	file	Microsoft	Paint	saves	a	small	black-and-white	image	as	the	following	GIF	file	(illustrated	enlarged).Paint
does	not	make	optimal	use	of	GIF;	due	to	the	unnecessarily	large	color	table	(storing	a	full	256	colors	instead	of	the	used	2)	and	symbol	width,	this	GIF	file	is	not	an	efficient	representation	of	the	15-pixel	image.Although	the	Graphic	Control	Extension	block	declares	color	index	16	(hexadecimal	10)	to	be	transparent,	that	index	is	not	used	in	the	image.
The	only	color	indexes	appearing	in	the	image	data	are	decimal	40	and	255,	which	the	Global	Color	Table	maps	to	black	and	white,	respectively.	Sample	image	(enlarged),	actual	size	3	pixels	wide	by	5	high	Note	that	the	hex	numbers	in	the	following	tables	are	in	little-endian	byte	order,	as	the	format	specification	prescribes.	Table	of	example	GIF
image	values	Byte	#	(hex)	Hexadecimal	Text	or	value	Meaning	0	47	49	46	38	39	61	GIF89a	Header	6	03	00	3	Logical	screen	width	8	05	00	5	Logical	screen	height	A	F7	GCT	follows	for	256	colors	with	resolution	3 × 8	bits/primary,	the	lowest	3	bits	represent	the	bit	depth	minus	1,	the	highest	true	bit	means	that	the	GCT	is	present	B	00	0	Background
color:	index	#0;	#000000	black	C	00	0	Default	pixel	aspect	ratio,	0:0	D	00	00	00	R	(red)	G	(green)	B	(blue)	0	0	0	Global	Color	Table,	color	#0:	#000000,	black	Bytes	Dh	to	30Ch	in	the	example	define	a	palette	of	256	colors.	10	80	00	00	R	(red)	G	(green)	B	(blue)	128	0	0	Global	Color	Table,	color	#1:	transparent	bit,	not	used	in	image	...	...	...	Global
Color	Table	extends	to	30A	30A	FF	FF	FF	R	(red)	G	(green)	B	(blue)	255	255	255	Global	Color	Table,	color	#255:	#ffffff,	white	30D	21	F9	Graphic	Control	Extension	(comment	fields	precede	this	in	most	files)	30F	04	4	Amount	of	GCE	data,	4	bytes	310	01	Transparent	background	color;	this	is	a	bit	field,	the	lowest	bit	signifies	transparency	311	00	00
Delay	for	animation	in	hundredths	of	a	second;	not	used	313	10	16	Color	number	of	transparent	pixel	in	GCT	314	00	End	of	GCE	block	315	2C	Image	descriptor	316	00	00	00	00	(0,	0)	North-west	corner	position	of	image	in	logical	screen	31A	03	00	05	00	(3,	5)	Image	width	and	height	in	pixels	31E	00	0	Local	color	table	bit,	0	means	none	31F	08	8
Start	of	image,	LZW	minimum	code	size	320	0B	11	Amount	of	LZW	encoded	image	follow,	11	bytes	321	00	51	FC	1B	28	70	A0	C1	83	01	01	11	bytes	of	image	data,	see	field	320	32C	00	0	End	of	image	data	block	32D	3B	File	termination	Image	coding	The	image	pixel	data,	scanned	horizontally	from	top	left,	are	converted	by	LZW	encoding	to	codes	that
are	then	mapped	into	bytes	for	storing	in	the	file.	The	pixel	codes	typically	don't	match	the	8-bit	size	of	the	bytes,	so	the	codes	are	packed	into	bytes	by	a	"little-Endian"	scheme:	the	least	significant	bit	of	the	first	code	is	stored	in	the	least	significant	bit	of	the	first	byte,	higher	order	bits	of	the	code	into	higher	order	bits	of	the	byte,	spilling	over	into
the	low	order	bits	of	the	next	byte	as	necessary.	Each	subsequent	code	is	stored	starting	at	the	least	significant	bit	not	already	used.	This	byte	stream	is	stored	in	the	file	as	a	series	of	"sub-blocks".	Each	sub-block	has	a	maximum	length	255	bytes	and	is	prefixed	with	a	byte	indicating	the	number	of	data	bytes	in	the	sub-block.	The	series	of	sub-blocks
is	terminated	by	an	empty	sub-block	(a	single	0	byte,	indicating	a	sub-block	with	0	data	bytes).	For	the	sample	image	above	the	reversible	mapping	between	9-bit	codes	and	bytes	is	shown	below.	Reversible	mapping	9-bit	code	Byte	Hexadecimal	Binary	Binary	Hexadecimal	100	1	00000000	00000000	00	028	00	0101000	0101000	1	51	0FF	011	111111
111111	00	FC	103	1000	00011	00011	011	1B	102	10000	0010	0010	1000	28	103	100000	011	011	10000	70	106	1000001	10	10	100000	A0	107	10000011	1	1	1000001	C1	10000011	83	101	1	00000001	00000001	01	0000000	1	01	A	slight	compression	is	evident:	pixel	colors	defined	initially	by	15	bytes	are	exactly	represented	by	12	code	bytes
including	control	codes.	The	encoding	process	that	produces	the	9-bit	codes	is	shown	below.	A	local	string	accumulates	pixel	color	numbers	from	the	palette,	with	no	output	action	as	long	as	the	local	string	can	be	found	in	a	code	table.	There	is	special	treatment	of	the	first	two	pixels	that	arrive	before	the	table	grows	from	its	initial	size	by	additions	of
strings.	After	each	output	code,	the	local	string	is	initialized	to	the	latest	pixel	color	(that	could	not	be	included	in	the	output	code).	Table	9-bit	string	-->	code	code	Action	#0	|	000h	Initialize	root	table	of	9-bit	codes	palette	|		:	colors	|		:	#255	|	0FFh	clr	|	100h	end	|	101h	|	100h	Clear	Pixel	Local	|	color	Palette	string	|	BLACK	#40	28	|	028h	1st	pixel
always	to	output	WHITE	#255	FF	|	String	found	in	table	28	FF	|	102h	Always	add	1st	string	to	table	FF	|	Initialize	local	string	WHITE	#255	FF	FF	|	String	not	found	in	table	|	0FFh	-	output	code	for	previous	string	FF	FF	|	103h	-	add	latest	string	to	table	FF	|	-	initialize	local	string	WHITE	#255	FF	FF	|	String	found	in	table	BLACK	#40	FF	FF	28	|
String	not	found	in	table	|	103h	-	output	code	for	previous	string	FF	FF	28	|	104h	-	add	latest	string	to	table	28	|	-	initialize	local	string	WHITE	#255	28	FF	|	String	found	in	table	WHITE	#255	28	FF	FF	|	String	not	found	in	table	|	102h	-	output	code	for	previous	string	28	FF	FF	|	105h	-	add	latest	string	to	table	FF	|	-	initialize	local	string	WHITE	#255
FF	FF	|	String	found	in	table	WHITE	#255	FF	FF	FF	|	String	not	found	in	table	|	103h	-	output	code	for	previous	string	FF	FF	FF	|	106h	-	add	latest	string	to	table	FF	|	-	initialize	local	string	WHITE	#255	FF	FF	|	String	found	in	table	WHITE	#255	FF	FF	FF	|	String	found	in	table	WHITE	#255	FF	FF	FF	FF	|	String	not	found	in	table	|	106h	-	output
code	for	previous	string	FF	FF	FF	FF|	107h	-	add	latest	string	to	table	FF	|	-	initialize	local	string	WHITE	#255	FF	FF	|	String	found	in	table	WHITE	#255	FF	FF	FF	|	String	found	in	table	WHITE	#255	FF	FF	FF	FF	|	String	found	in	table	No	more	pixels	107h	-	output	code	for	last	string	101h	End	For	clarity	the	table	is	shown	above	as	being	built	of
strings	of	increasing	length.	That	scheme	can	function	but	the	table	consumes	an	unpredictable	amount	of	memory.	Memory	can	be	saved	in	practice	by	noting	that	each	new	string	to	be	stored	consists	of	a	previously	stored	string	augmented	by	one	character.	It	is	economical	to	store	at	each	address	only	two	words:	an	existing	address	and	one
character.	The	LZW	algorithm	requires	a	search	of	the	table	for	each	pixel.	A	linear	search	through	up	to	4096	addresses	would	make	the	coding	slow.	In	practice	the	codes	can	be	stored	in	order	of	numerical	value;	this	allows	each	search	to	be	done	by	a	SAR	(Successive	Approximation	Register,	as	used	in	some	ADCs),	with	only	12	magnitude
comparisons.	For	this	efficiency	an	extra	table	is	needed	to	convert	between	codes	and	actual	memory	addresses;	the	extra	table	upkeeping	is	needed	only	when	a	new	code	is	stored	which	happens	at	much	less	than	pixel	rate.	Image	decoding	Decoding	begins	by	mapping	the	stored	bytes	back	to	9-bit	codes.	These	are	decoded	to	recover	the	pixel
colors	as	shown	below.	A	table	identical	to	the	one	used	in	the	encoder	is	built	by	adding	strings	by	this	rule:	Is	incoming	code	found	in	table?	Yes	add	string	for	local	code	followed	by	first	byte	of	string	for	incoming	code	No	add	string	for	local	code	followed	by	copy	of	its	own	first	byte	shift	9-bit	---->	Local	Table	Pixel	code	code	code	-->	string
Palette	color	Action	100h	000h	|	#0	Initialize	root	table	of	9-bit	codes		:	|	palette		:	|	colors	0FFh	|	#255	100h	|	clr	101h	|	end	028h	|	#40	BLACK	Decode	1st	pixel	0FFh	028h	|	Incoming	code	found	in	table	|	#255	WHITE	-	output	string	from	table	102h	|	28	FF	-	add	to	table	103h	0FFh	|	Incoming	code	not	found	in	table	103h	|	FF	FF	-	add	to	table	|	-
output	string	from	table	|	#255	WHITE	|	#255	WHITE	102h	103h	|	Incoming	code	found	in	table	|	-	output	string	from	table	|	#40	BLACK	|	#255	WHITE	104h	|	FF	FF	28	-	add	to	table	103h	102h	|	Incoming	code	found	in	table	|	-	output	string	from	table	|	#255	WHITE	|	#255	WHITE	105h	|	28	FF	FF	-	add	to	table	106h	103h	|	Incoming	code	not	found
in	table	106h	|	FF	FF	FF	-	add	to	table	|	-	output	string	from	table	|	#255	WHITE	|	#255	WHITE	|	#255	WHITE	107h	106h	|	Incoming	code	not	found	in	table	107h	|	FF	FF	FF	FF	-	add	to	table	|	-	output	string	from	table	|	#255	WHITE	|	#255	WHITE	|	#255	WHITE	|	#255	WHITE	101h	|	End	LZW	code	lengths	Shorter	code	lengths	can	be	used	for
palettes	smaller	than	the	256	colors	in	the	example.	If	the	palette	is	only	64	colors	(so	color	indexes	are	6	bits	wide),	the	symbols	can	range	from	0	to	63,	and	the	symbol	width	can	be	taken	to	be	6	bits,	with	codes	starting	at	7	bits.	In	fact,	the	symbol	width	need	not	match	the	palette	size:	as	long	as	the	values	decoded	are	always	less	than	the	number
of	colors	in	the	palette,	the	symbols	can	be	any	width	from	2	to	8,	and	the	palette	size	any	power	of	2	from	2	to	256.	For	example,	if	only	the	first	four	colors	(values	0	to	3)	of	the	palette	are	used,	the	symbols	can	be	taken	to	be	2	bits	wide	with	codes	starting	at	3	bits.	Conversely,	the	symbol	width	could	be	set	at	8,	even	if	only	values	0	and	1	are	used;
these	data	would	only	require	a	two-color	table.	Although	there	would	be	no	point	in	encoding	the	file	that	way,	something	similar	typically	happens	for	bi-color	images:	the	minimum	symbol	width	is	2,	even	if	only	values	0	and	1	are	used.	The	code	table	initially	contains	codes	that	are	one	bit	longer	than	the	symbol	size	in	order	to	accommodate	the
two	special	codes	clr	and	end	and	codes	for	strings	that	are	added	during	the	process.	When	the	table	is	full	the	code	length	increases	to	give	space	for	more	strings,	up	to	a	maximum	code	4095	=	FFF(hex).	As	the	decoder	builds	its	table	it	tracks	these	increases	in	code	length	and	it	is	able	to	unpack	incoming	bytes	accordingly.	Uncompressed	GIF	A
46×46	uncompressed	GIF	with	7-bit	symbols	(128	colors,	8-bit	codes).Click	on	the	image	for	an	explanation	of	the	code.	The	GIF	encoding	process	can	be	modified	to	create	a	file	without	LZW	compression	that	is	still	viewable	as	a	GIF	image.	This	technique	was	introduced	originally	as	a	way	to	avoid	patent	infringement.	Uncompressed	GIF	can	also
be	a	useful	intermediate	format	for	a	graphics	programmer	because	individual	pixels	are	accessible	for	reading	or	painting.	An	uncompressed	GIF	file	can	be	converted	to	an	ordinary	GIF	file	simply	by	passing	it	through	an	image	editor.	The	modified	encoding	method	ignores	building	the	LZW	table	and	emits	only	the	root	palette	codes	and	the	codes
for	CLEAR	and	STOP.	This	yields	a	simpler	encoding	(a	1-to-1	correspondence	between	code	values	and	palette	codes)	but	sacrifices	all	of	the	compression:	each	pixel	in	the	image	generates	an	output	code	indicating	its	color	index.	When	processing	an	uncompressed	GIF,	a	standard	GIF	decoder	will	not	be	prevented	from	writing	strings	to	its
dictionary	table,	but	the	code	width	must	never	increase	since	that	triggers	a	different	packing	of	bits	to	bytes.	If	the	symbol	width	is	n,	the	codes	of	width	n+1	fall	naturally	into	two	blocks:	the	lower	block	of	2n	codes	for	coding	single	symbols,	and	the	upper	block	of	2n	codes	that	will	be	used	by	the	decoder	for	sequences	of	length	greater	than	one.
Of	that	upper	block,	the	first	two	codes	are	already	taken:	2n	for	CLEAR	and	2n	+	1	for	STOP.	The	decoder	must	also	be	prevented	from	using	the	last	code	in	the	upper	block,	2n+1	−	1,	because	when	the	decoder	fills	that	slot,	it	will	increase	the	code	width.	Thus	in	the	upper	block	there	are	2n	−	3	codes	available	to	the	decoder	that	won't	trigger	an
increase	in	code	width.	Because	the	decoder	is	always	one	step	behind	in	maintaining	the	table,	it	does	not	generate	a	table	entry	upon	receiving	the	first	code	from	the	encoder,	but	will	generate	one	for	each	succeeding	code.	Thus	the	encoder	can	generate	2n	−	2	codes	without	triggering	an	increase	in	code	width.	Therefore,	the	encoder	must	emit
extra	CLEAR	codes	at	intervals	of	2n	−	2	codes	or	less	to	make	the	decoder	reset	the	coding	dictionary.	The	GIF	standard	allows	such	extra	CLEAR	codes	to	be	inserted	in	the	image	data	at	any	time.	The	composite	data	stream	is	partitioned	into	sub-blocks	that	each	carry	from	1	to	255	bytes.	For	the	sample	3×5	image	above,	the	following	9-bit	codes
represent	"clear"	(100)	followed	by	image	pixels	in	scan	order	and	"stop"	(101).	100	028	0FF	0FF	0FF	028	0FF	0FF	0FF	0FF	0FF	0FF	0FF	0FF	0FF	0FF	101	After	the	above	codes	are	mapped	to	bytes,	the	uncompressed	file	differs	from	the	compressed	file	thus:	Byte	#	(hex)	Hexadecimal	Text	or	value	Meaning	320	14	20	20	bytes	uncompressed
image	data	follow	321	00	51	FC	FB	F7	0F	C5	BF	7F	FF	FE	FD	FB	F7	EF	DF	BF	7F	01	01	335	00	0	End	of	image	data	Compression	example	The	trivial	example	of	a	large	image	of	solid	color	demonstrates	the	variable-length	LZW	compression	used	in	GIF	files.	Sample	compression	of	a	GIF	file	Code	Pixels	Notes	No.Ni	ValueNi	+	256	Length(bits)	This
codeNi	AccumulatedNi(Ni	+	1)/2	Relations	using	Ni	only	apply	to	same-color	pixels	until	coding	table	is	full.	0	100h	9	Clear	code	table	1	FFh	1	1	Top	left	pixel	color	chosen	as	the	highest	index	of	a	256-color	palette	2	102h	2	3	3⋮255	103h⋮1FFh	3⋮255	6⋮32640	Last	9-bit	code	256⋮767	200h⋮3FFh	10	256⋮767	32896⋮294528	Last	10-bit	code
768⋮1791	400h⋮7FFh	11	768⋮1791	295296⋮1604736	Last	11-bit	code	1792⋮3839	800h⋮FFFh	12	1792⋮3839	1606528⋮7370880	Code	table	full	⋮	FFFh	3839	The	maximum	code	may	repeat	for	more	same-color	pixels.Overall	data	compression	asymptotically	approaches	3839	×	8/12	=	2559+1/3	101h	End	of	image	data	The	code	values	shown
are	packed	into	bytes	which	are	then	packed	into	blocks	of	up	to	255	bytes.	A	block	of	image	data	begins	with	a	byte	that	declares	the	number	of	bytes	to	follow.	The	last	block	of	data	for	an	image	is	marked	by	a	zero	block-length	byte.	Interlacing	The	GIF	Specification	allows	each	image	within	the	logical	screen	of	a	GIF	file	to	specify	that	it	is
interlaced;	i.e.,	that	the	order	of	the	raster	lines	in	its	data	block	is	not	sequential.	This	allows	a	partial	display	of	the	image	that	can	be	recognized	before	the	full	image	is	painted.	An	interlaced	image	is	divided	from	top	to	bottom	into	strips	8	pixels	high,	and	the	rows	of	the	image	are	presented	in	the	following	order:	Pass	1:	Line	0	(the	top-most	line)
from	each	strip.	Pass	2:	Line	4	from	each	strip.	Pass	3:	Lines	2	and	6	from	each	strip.	Pass	4:	Lines	1,	3,	5,	and	7	from	each	strip.	The	pixels	within	each	line	are	not	interlaced,	but	presented	consecutively	from	left	to	right.	As	with	non-interlaced	images,	there	is	no	break	between	the	data	for	one	line	and	the	data	for	the	next.	The	indicator	that	an
image	is	interlaced	is	a	bit	set	in	the	corresponding	Image	Descriptor	block.	Animated	GIF	GIF	can	be	used	to	display	animation,	as	in	this	image	of	Newton's	cradle.	A	GIF	animation	made	of	two	photos,	one	morphing	into	the	other	Although	GIF	was	not	designed	as	an	animation	medium,	its	ability	to	store	multiple	images	in	one	file	naturally
suggested	using	the	format	to	store	the	frames	of	an	animation	sequence.	To	facilitate	displaying	animations,	the	GIF89a	spec	added	the	Graphic	Control	Extension	(GCE),	which	allows	the	images	(frames)	in	the	file	to	be	painted	with	time	delays,	forming	a	video	clip.	Each	frame	in	an	animation	GIF	is	introduced	by	its	own	GCE	specifying	the	time
delay	to	wait	after	the	frame	is	drawn.	Global	information	at	the	start	of	the	file	applies	by	default	to	all	frames.	The	data	is	stream-oriented,	so	the	file	offset	of	the	start	of	each	GCE	depends	on	the	length	of	preceding	data.	Within	each	frame	the	LZW-coded	image	data	is	arranged	in	sub-blocks	of	up	to	255	bytes;	the	size	of	each	sub-block	is
declared	by	the	byte	that	precedes	it.	By	default,	an	animation	displays	the	sequence	of	frames	only	once,	stopping	when	the	last	frame	is	displayed.	To	enable	an	animation	to	loop,	Netscape	in	the	1990s	used	the	Application	Extension	block	(intended	to	allow	vendors	to	add	application-specific	information	to	the	GIF	file)	to	implement	the	Netscape
Application	Block	(NAB).[36]	This	block,	placed	immediately	before	the	sequence	of	animation	frames,	specifies	the	number	of	times	the	sequence	of	frames	should	be	played	(1	to	65535	times)	or	that	it	should	repeat	continuously	(zero	indicates	loop	forever).	Support	for	these	repeating	animations	first	appeared	in	Netscape	Navigator	version	2.0,
and	then	spread	to	other	browsers.[37]	Most	browsers	now	recognize	and	support	NAB,	though	it	is	not	strictly	part	of	the	GIF89a	specification.	The	following	example	shows	the	structure	of	the	animation	file	Rotating	earth	(large).gif	shown	(as	a	thumbnail)	in	the	article's	infobox.	Structure	of	GIF	Byte	#	(hex)	Hexadecimal	Text	or	value	Meaning	0
47	49	46	38	39	61	GIF89a	Logical	Screen	Descriptor	6	90	01	400	Width	in	pixels	8	90	01	400	Height	in	pixels	A	F7	GCT	follows	for	256	colors	with	resolution	3 × 8	bits/primary	B	00	0	Background	color:	#000000,	black	C	00	0	Default	pixel	aspect	ratio,	0:0	D	00	Global	Color	Table	⋮	30D	21	FF	Application	Extension	30F	0B	11	Size	of	block	including
application	name	and	verification	bytes	(always	11)	310	4E	45	54	53	43	41	50	45	32	2E	30	NETSCAPE2.0	8-byte	application	name	plus	3	verification	bytes	31B	03	3	Number	of	bytes	in	the	following	sub-block	31C	01	1	Index	of	the	current	data	sub-block	(always	1	for	the	NETSCAPE	block)	31D	FF	FF	65535	Unsigned	number	of	repetitions	31F	00	End
of	the	sub-block	chain	for	the	Application	Extension	block	320	21	F9	Graphic	Control	Extension	for	frame	#1	322	04	4	Number	of	bytes	(4)	in	the	current	sub-block	323	04	000.....	...001..	......0.	.......0	(broken	into	sections	for	easier	reading)	Reserved,	5	lower	bits	are	bit	fieldDisposal	method	1:	do	not	disposeNo	user	inputTransparent	color,	0	means
not	given	324	09	00	9	Frame	delay:	0.09	second	delay	before	painting	next	frame	326	FF	Transparent	color	index	(unused	in	this	frame)	327	00	End	of	sub-block	chain	for	Graphic	Control	Extension	block	328	2C	Image	Descriptor	of	frame	#1	329	00	00	00	00	(0,	0)	North-west	corner	position	of	image	in	logical	screen:	(0,	0)	32D	90	01	90	01	(400,
400)	Frame	width	and	height:	400 × 400	pixels	331	00	0	Local	color	table:	0	means	none	&	no	interlacing	332	08	8	Minimum	LZW	code	size	for	Image	Data	of	frame	#1	333	FF	255	Number	of	bytes	of	LZW	image	data	in	the	following	sub-block:	255	bytes	334	...	Image	data,	255	bytes	433	FF	255	Number	of	bytes	of	LZW	image	data	in	the	following
sub-block,	255	bytes	434	...	Image	data,	255	bytes	⋮	Repeat	for	next	blocks	92C0	00	End	of	sub-block	chain	for	this	frame	92C1	21	F9	Graphic	Control	Extension	for	frame	#2	⋮	Repeat	for	next	frames	EDABD	21	F9	Graphic	Control	Extension	for	frame	#44	⋮	Image	information	and	data	for	frame	#44	F48F5	3B	Trailer:	Last	byte	in	the	file,	signaling
EOF	The	animation	delay	for	each	frame	is	specified	in	the	GCE	in	hundredths	of	a	second.	Some	economy	of	data	is	possible	where	a	frame	need	only	rewrite	a	portion	of	the	pixels	of	the	display,	because	the	Image	Descriptor	can	define	a	smaller	rectangle	to	be	rescanned	instead	of	the	whole	image.	Browsers	or	other	displays	that	do	not	support
animated	GIFs	typically	show	only	the	first	frame.	The	size	and	color	quality	of	animated	GIF	files	can	vary	significantly	depending	on	the	application	used	to	create	them.	Strategies	for	minimizing	file	size	include	using	a	common	global	color	table	for	all	frames	(rather	than	a	complete	local	color	table	for	each	frame)	and	minimizing	the	number	of
pixels	covered	in	successive	frames	(so	that	only	the	pixels	that	change	from	one	frame	to	the	next	are	included	in	the	latter	frame).	More	advanced	techniques	involve	modifying	color	sequences	to	better	match	the	existing	LZW	dictionary,	a	form	of	lossy	compression.	Simply	packing	a	series	of	independent	frame	images	into	a	composite	animation
tends	to	yield	large	file	sizes.	Tools	are	available	to	minimize	the	file	size	given	an	existing	GIF.	Metadata	Metadata	can	be	stored	in	GIF	files	as	a	comment	block,	a	plain	text	block,	or	an	application-specific	application	extension	block.	Several	graphics	editors	use	unofficial	application	extension	blocks	to	include	the	data	used	to	generate	the	image,
so	that	it	can	be	recovered	for	further	editing.	All	of	these	methods	technically	require	the	metadata	to	be	broken	into	sub-blocks	so	that	applications	can	navigate	the	metadata	block	without	knowing	its	internal	structure.	The	Extensible	Metadata	Platform	(XMP)	metadata	standard	introduced	an	unofficial	but	now	widespread	"XMP	Data"	application
extension	block	for	including	XMP	data	in	GIF	files.[38]	Since	the	XMP	data	is	encoded	using	UTF-8	without	NUL	characters,	there	are	no	0	bytes	in	the	data.	Rather	than	break	the	data	into	formal	sub-blocks,	the	extension	block	terminates	with	a	"magic	trailer"	that	routes	any	application	treating	the	data	as	sub-blocks	to	a	final	0	byte	that
terminates	the	sub-block	chain.	Unisys	and	LZW	patent	enforcement	In	1977	and	1978,	Jacob	Ziv	and	Abraham	Lempel	published	a	pair	of	papers	on	a	new	class	of	lossless	data-compression	algorithms,	now	collectively	referred	to	as	LZ77	and	LZ78.	In	1983,	Terry	Welch	developed	a	fast	variant	of	LZ78	which	was	named	Lempel–Ziv–Welch	(LZW).
[39][40]	Welch	filed	a	patent	application	for	the	LZW	method	in	June	1983.	The	resulting	patent,	US4558302,[41]	granted	in	December	1985,	was	assigned	to	Sperry	Corporation	who	subsequently	merged	with	Burroughs	Corporation	in	1986	and	formed	Unisys.[39]	Further	patents	were	obtained	in	the	United	Kingdom,	France,	Germany,	Italy,	Japan
and	Canada.	In	addition	to	the	above	patents,	Welch's	1983	patent	also	includes	citations	to	several	other	patents	that	influenced	it,	including:	two	1980	Japanese	patents	from	NEC's	Jun	Kanatsu,[42][43]	U.S.	Patent	4,021,782	(1974)	from	John	S.	Hoerning,	U.S.	Patent	4,366,551	(1977)	from	Klaus	E.	Holtz,	and	a	1981	German	patent	from	Karl
Eckhart	Heinz.[44][45]	In	June	1984,	an	article	by	Welch	was	published	in	the	IEEE	magazine	which	publicly	described	the	LZW	technique	for	the	first	time.[46]	LZW	became	a	popular	data	compression	technique	and,	when	the	patent	was	granted,	Unisys	entered	into	licensing	agreements	with	over	a	hundred	companies.[39][47]	The	popularity	of
LZW	led	CompuServe	to	choose	it	as	the	compression	technique	for	their	version	of	GIF,	developed	in	1987.	At	the	time,	CompuServe	was	not	aware	of	the	patent.[39]	Unisys	became	aware	that	the	version	of	GIF	used	the	LZW	compression	technique	and	entered	into	licensing	negotiations	with	CompuServe	in	January	1993.	The	subsequent
agreement	was	announced	on	24	December	1994.[40]	Unisys	stated	that	they	expected	all	major	commercial	on-line	information	services	companies	employing	the	LZW	patent	to	license	the	technology	from	Unisys	at	a	reasonable	rate,	but	that	they	would	not	require	licensing,	or	fees	to	be	paid,	for	non-commercial,	non-profit	GIF-based	applications,
including	those	for	use	on	the	on-line	services.[47]	Following	this	announcement,	there	was	widespread	condemnation	of	CompuServe	and	Unisys,	and	many	software	developers	threatened	to	stop	using	GIF.	The	PNG	format	(see	below)	was	developed	in	1995	as	an	intended	replacement.[39][40][46]	However,	obtaining	support	from	the	makers	of
Web	browsers	and	other	software	for	the	PNG	format	proved	difficult	and	it	was	not	possible	to	replace	GIF,	although	PNG	has	gradually	increased	in	popularity.[39]	Therefore,	GIF	variations	without	LZW	compression	were	developed.	For	instance	the	libungif	library,	based	on	Eric	S.	Raymond's	giflib,	allows	creation	of	GIFs	that	followed	the	data
format	but	avoided	the	compression	features,	thus	avoiding	use	of	the	Unisys	LZW	patent.[48]	A	2001	Dr.	Dobb's	article	described	a	way	to	achieve	LZW-compatible	encoding	without	infringing	on	its	patents.[49]	In	August	1999,	Unisys	changed	the	details	of	their	licensing	practice,	announcing	the	option	for	owners	of	certain	non-commercial	and
private	websites	to	obtain	licenses	on	payment	of	a	one-time	license	fee	of	$5000	or	$7500.[50]	Such	licenses	were	not	required	for	website	owners	or	other	GIF	users	who	had	used	licensed	software	to	generate	GIFs.	Nevertheless,	Unisys	was	subjected	to	thousands	of	online	attacks	and	abusive	emails	from	users	believing	that	they	were	going	to	be
charged	$5000	or	sued	for	using	GIFs	on	their	websites.[51]	Despite	giving	free	licenses	to	hundreds	of	non-profit	organizations,	schools	and	governments,	Unisys	was	completely	unable	to	generate	any	good	publicity	and	continued	to	be	condemned	by	individuals	and	organizations	such	as	the	League	for	Programming	Freedom	who	started	the
"Burn	All	GIFs"	campaign	in	1999.[52][53]	The	United	States	LZW	patent	expired	on	20	June	2003.[54]	The	counterpart	patents	in	the	United	Kingdom,	France,	Germany	and	Italy	expired	on	18	June	2004,	the	Japanese	patents	expired	on	20	June	2004,	and	the	Canadian	patent	expired	on	7	July	2004.[54]	Consequently,	while	Unisys	has	further
patents	and	patent	applications	relating	to	improvements	to	the	LZW	technique,[54]	LZW	itself	(and	consequently	GIF)	have	been	free	to	use	since	July	2004.[55]	Alternatives	PNG	Portable	Network	Graphics	(PNG)	was	designed	as	a	replacement	for	GIF	in	order	to	avoid	infringement	of	Unisys'	patent	on	the	LZW	compression	technique.[39]	PNG
offers	better	compression	and	more	features	than	GIF,[56]	animation	being	the	only	significant	exception.	PNG	is	more	suitable	than	GIF	in	instances	where	true-color	imaging	and	alpha	transparency	are	required.	Although	support	for	PNG	format	came	slowly,	new	web	browsers	support	PNG.	Older	versions	of	Internet	Explorer	do	not	support	all
features	of	PNG.	Versions	6	and	earlier	do	not	support	alpha	channel	transparency	without	using	Microsoft-specific	HTML	extensions.[57]	Gamma	correction	of	PNG	images	was	not	supported	before	version	8,	and	the	display	of	these	images	in	earlier	versions	may	have	the	wrong	tint.[58]	For	identical	8-bit	(or	lower)	image	data,	PNG	files	are
typically	smaller	than	the	equivalent	GIFs,	due	to	the	more	efficient	compression	techniques	used	in	PNG	encoding.[59]	Complete	support	for	GIF	is	complicated	chiefly	by	the	complex	canvas	structure	it	allows,	though	this	is	what	enables	the	compact	animation	features.	Animation	formats	Videos	resolve	many	issues	that	GIFs	present	through
common	usage	on	the	web.	They	include	drastically	smaller	file	sizes,	the	ability	to	surpass	the	8-bit	color	restriction,	and	better	frame-handling	and	compression	through	codecs.	Virtually	universal	support	for	the	GIF	format	in	web	browsers	and	a	lack	of	official	support	for	video	in	the	HTML	standard	caused	GIF	to	rise	to	prominence	for	the
purpose	of	displaying	short	video-like	files	on	the	web.	MNG	("Multiple-image	Network	Graphics")	was	originally	developed	as	a	PNG-based	solution	for	animations.	MNG	reached	version	1.0	in	2001,	but	few	applications	support	it.	APNG	("Animated	Portable	Network	Graphics")	was	proposed	by	Mozilla	in	2006.	APNG	is	an	extension	to	the	PNG
format	as	alternative	to	the	MNG	format.	APNG	is	supported	by	most	browsers	as	of	2019.[60]	APNG	provides	the	ability	to	animate	PNG	files,	while	retaining	backwards	compatibility	in	decoders	that	cannot	understand	the	animation	chunk	(unlike	MNG).	Older	decoders	will	simply	render	the	first	frame	of	the	animation.	The	PNG	group	officially
rejected	APNG	as	an	official	extension	on	20	April	2007.[61]	There	have	been	several	subsequent	proposals	for	a	simple	animated	graphics	format	based	on	PNG	using	several	different	approaches.[62]	Nevertheless,	APNG	is	still	under	development	by	Mozilla	and	is	supported	in	Firefox	3.0[63][64]	while	MNG	support	was	dropped.[65][66]	APNG	is
currently	supported	by	all	major	web	browsers	including	Chrome	(since	version	59.0),	Opera,	Firefox	and	Edge.	Embedded	Adobe	Flash	objects	and	MPEG	files	were	used	on	some	websites	to	display	simple	video,	but	required	the	use	of	an	additional	browser	plugin.	WebM	and	WebP	are	in	development	and	are	supported	by	some	web	browsers.[67]
Other	options	for	web	animation	include	serving	individual	frames	using	AJAX,	or	animating	SVG	("Scalable	vector	graphics")	images	using	JavaScript	or	SMIL	("Synchronized	Multimedia	Integration	Language").[citation	needed]	With	the	introduction	of	widespread	support	of	the	HTML5	video	()	tag	in	most	web	browsers,	some	websites	use	a	looped
version	of	the	video	tag	generated	by	JavaScript	functions.	This	gives	the	appearance	of	a	GIF,	but	with	the	size	and	speed	advantages	of	compressed	video.	Notable	examples	are	Gfycat	and	Imgur	and	their	GIFV	metaformat,	which	is	really	a	video	tag	playing	a	looped	MP4	or	WebM	compressed	video.[68]	HEIF	("High	Efficiency	Image	File	Format")
is	an	image	file	format,	finalized	in	2015,	which	uses	a	discrete	cosine	transform	(DCT)	lossy	compression	algorithm	based	on	the	HEVC	video	format,	and	related	to	the	JPEG	image	format.	In	contrast	to	JPEG,	HEIF	supports	animation.[69]	Compared	to	the	GIF	format,	which	lacks	DCT	compression,	HEIF	allows	significantly	more	efficient
compression.	HEIF	stores	more	information	and	produces	higher-quality	animated	images	at	a	small	fraction	of	an	equivalent	GIF's	size.[70]	VP9	only	supports	alpha	compositing	with	4:2:0	chroma	subsampling[71]	in	the	YUVA420	pixel	format,	which	may	be	unsuitable	for	GIFs	that	combine	transparency	with	rasterised	vector	graphics	with	fine
color	details.	The	AV1	codec	can	also	be	used	either	as	a	video	or	a	sequenced	image.	Uses	In	April	2014,	4chan	added	support	for	silent	WebM	videos	that	are	under	3	MB	in	size	and	2	min	in	length,[72][73]	and	in	October	2014,	Imgur	started	converting	any	GIF	files	uploaded	to	the	site	to	video	and	giving	the	link	to	the	HTML	player	the
appearance	of	an	actual	file	with	a	.gifv	extension.[74][75]	In	January	2016,	Telegram	started	re-encoding	all	GIFs	to	MPEG-4	videos	that	"require	up	to	95%	less	disk	space	for	the	same	image	quality."[76]	See	also	Internet	portal	Animation	portal	AVIF	Cinemagraph,	a	partially	animated	photograph	often	in	GIF	Comparison	of	graphics	file	formats
Comparison	of	layout	engines	(graphics)	GIF	art,	a	form	of	digital	art	associated	with	GIF	GIFBuilder,	early	animated	GIF	creation	program	GNU	plotutils	(supports	pseudo-GIF,	which	uses	run-length	encoding	rather	than	LZW)	Microsoft	GIF	Animator,	historic	program	to	create	simple	animated	GIFs	Software	patent	References	^	a	b	c	"Graphics
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including	LTE	Advanced	and	LTE	Advanced	Pro	5G	NR	and	related	5G	standards,	including	5G-Advanced	An	evolved	IP	Multimedia	Subsystem	(IMS)	developed	in	an	access	independent	manner	3GPP	is	a	consortium	with	seven	national	or	regional	telecommunication	standards	organizations	as	primary	members	("organizational	partners")	and	a
variety	of	other	organizations	as	associate	members	("market	representation	partners").	The	3GPP	organizes	its	work	into	three	different	streams:	Radio	Access	Networks,	Services	and	Systems	Aspects,	and	Core	Network	and	Terminals.[2]	The	project	was	established	in	December	1998	with	the	goal	of	developing	a	specification	for	a	3G	mobile
phone	system	based	on	the	2G	GSM	system,	within	the	scope	of	the	International	Telecommunication	Union's	International	Mobile	Telecommunications-2000,	hence	the	name	3GPP.[3]	It	should	not	be	confused	with	3rd	Generation	Partnership	Project	2	(3GPP2),	which	developed	a	competing	3G	system,	CDMA2000.[4]	The	3GPP	administrative
support	team	(known	as	the	"Mobile	Competence	Centre")	is	located	at	the	European	Telecommunications	Standards	Institute	headquarters	in	the	Sophia	Antipolis	technology	park	in	France.[5]	Organizational	Partners	The	seven	3GPP	Organizational	Partners	are	from	Asia,	Europe	and	North	America.	Their	aim	is	to	determine	the	general	policy	and
strategy	of	3GPP	and	perform	the	following	tasks:	The	approval	and	maintenance	of	the	3GPP	scope;	The	maintenance	of	the	Partnership	Project	Description;	Take	the	decision	to	create	or	cease	a	Technical	Specification	Groups,	and	approve	their	scope	and	terms	of	reference;	The	approval	of	Organizational	Partner	funding	requirements;	The
allocation	of	human	and	financial	resources	provided	by	the	Organizational	Partners	to	the	Project	Co-ordination	Group;	Act	as	a	body	of	appeal	on	procedural	matters	referred	to	them.	Together	with	the	Market	Representation	Partners	(MRPs)	perform	the	following	tasks:	The	maintenance	of	the	Partnership	Project	Agreement;	The	approval	of
applications	for	3GPP	partnership;	Take	the	decision	against	a	possible	dissolution	of	3GPP.	The	Organizational	Partners	are:[6]	Organizational	Partners	Organization	Country/region	Website	Association	of	Radio	Industries	and	Businesses	(ARIB)	Japan	ARIB	Alliance	for	Telecommunications	Industry	Solutions	(ATIS)	USA	ATIS	China	Communications
Standards	Association	(CCSA)	China	CCSA	European	Telecommunications	Standards	Institute	(ETSI)	Europe	ETSI	Telecommunications	Standards	Development	Society	(TSDSI)	India	TSDSI	Telecommunications	Technology	Association	(TTA)	South	Korea	TTA	Telecommunication	Technology	Committee	(TTC)	Japan	TTC	Market	Representation
Partners	The	3GPP	Organizational	Partners	can	invite	a	Market	Representation	Partner	to	take	part	in	3GPP,	which:	Has	the	ability	to	offer	market	advice	to	3GPP	and	to	bring	into	3GPP	a	consensus	view	of	market	requirements	(e.g.,	services,	features	and	functionality)	falling	within	the	3GPP	scope;	Does	not	have	the	capability	and	authority	to
define,	publish	and	set	standards	within	the	3GPP	scope,	nationally	or	regionally;	Has	committed	itself	to	all	or	part	of	the	3GPP	scope;	Has	signed	the	Partnership	Project	Agreement.	As	of	June	2021[update],	the	Market	Representation	Partners	are:[6]	Market	Representation	Partners	Organization	Website	5G-ACIA	5G	Automotive	Association	5G
Americas	5G	Deterministic	Networking	Alliance	(5GDNA)	5G	Infrastructure	Association	5G	Media	Action	Group	(5G-MAG)	Automotive	Edge	Computing	Consortium	(AECC)	Broadband	India	Forum	Cellular	Operators	Association	of	India	(COAI)	China	Society	of	Automotive	Engineers	(CSAE)	CTIA	EMEA	Satellite	Operators	Association	(ESOA)	Global
Certification	Forum	(GCF)	Global	mobile	Suppliers	Association	(GSA)	GSMA	IPV6	Forum	Next	Generation	Mobile	Networks	(NGMN)	Public	Safety	Communication	Europe	(PSCE)	Forum	Small	Cell	Forum	TCCA	TD	Industry	Alliance	Wireless	Broadband	Alliance	Standards	3GPP	standards	are	structured	as	Releases.	Discussion	of	3GPP	thus	frequently
refers	to	the	functionality	in	one	release	or	another.	Version[7]	Released[8]	Info	Phase	1	1992	GSM	Features	Phase	2	1995	GSM	Features,	EFR	Codec,	Release	96	1997	Q1	GSM	Features,	14.4	kbit/s	User	Data	Rate,	Release	97	1998	Q1	GSM	Features,	GPRS	Release	98	1999	Q1	GSM	Features,	AMR	codec,	EDGE,	GPRS	for	PCS1900	Release	99	2000
Q1	Specified	the	first	UMTS	3G	networks,	incorporating	a	CDMA	air	interface[9]	Release	4	2001	Q2	Originally	called	the	Release	2000	–	added	features	including	an	all-IP	Core	Network[10]	Release	5	2002	Q1	Introduced	IMS	and	HSDPA[11]	Release	6	2004	Q4	Integrated	operation	with	Wireless	LAN	networks	and	adds	HSUPA,	MBMS,
enhancements	to	IMS	such	as	Push	to	Talk	over	Cellular	(PoC),	GAN[12]	Release	7	2007	Q4	Focuses	on	decreasing	latency,	improvements	to	QoS	and	real-time	applications	such	as	VoIP.[13]	This	specification	also	focus	on	HSPA+	(High	Speed	Packet	Access	Evolution),	SIM	high-speed	protocol	and	contactless	front-end	interface	(Near	Field
Communication	enabling	operators	to	deliver	contactless	services	like	Mobile	Payments),	EDGE	Evolution.	Release	8	2008	Q4	First	LTE	release.	All-IP	Network	(SAE).	New	OFDMA,	FDE	and	MIMO	based	radio	interface,	not	backwards	compatible	with	previous	CDMA	interfaces.	Dual-Cell	HSDPA.	UMTS	HNB.	Release	9	2009	Q4	SAES	Enhancements,
WiMAX	and	LTE/UMTS	Interoperability.	Dual-Cell	HSDPA	with	MIMO,	Dual-Cell	HSUPA.	LTE	HeNB.	Evolved	multimedia	broadcast	and	multicast	service	(eMBMS).	Release	10	2011	Q1	LTE	Advanced	fulfilling	IMT	Advanced	4G	requirements.	Backwards	compatible	with	release	8	(LTE).	Multi-Cell	HSDPA	(4	carriers).	Release	11	2012	Q3	Advanced	IP
Interconnection	of	Services.	Service	layer	interconnection	between	national	operators/carriers	as	well	as	third	party	application	providers.	Heterogeneous	networks	(HetNet)	improvements,	Coordinated	Multi-Point	operation	(CoMP).	In-device	Co-existence	(IDC).	Release	12	2015	Q1	Enhanced	Small	Cells	(higher	order	modulation,	dual	connectivity,
cell	discovery,	self	configuration),	Carrier	aggregation	(2	uplink	carriers,	3	downlink	carriers,	FDD/TDD	carrier	aggregation),	MIMO	(3D	channel	modeling,	elevation	beamforming,	massive	MIMO),	New	and	Enhanced	Services	(cost	and	range	of	MTC,	D2D	communication,	eMBMS	enhancements)[14]	Release	13	2016	Q1	LTE-Advanced	Pro.	LTE	in
unlicensed,	LTE	enhancements	for	Machine-Type	Communication.	Elevation	Beamforming	/	Full-Dimension	MIMO,	Indoor	positioning.[15]	Release	14	2017	Q2	Energy	Efficiency,	Location	Services	(LCS),	Mission	Critical	Data	over	LTE,	Mission	Critical	Video	over	LTE,	Flexible	Mobile	Service	Steering	(FMSS),	Multimedia	Broadcast	Supplement	for
Public	Warning	System	(MBSP),	enhancement	for	TV	services	over	eMBMS,	massive	Internet	of	Things,	Cell	Broadcast	Service	(CBS)[16]	Release	15	2018	Q2	First	5G	NR	("New	Radio")	release.	Support	for	5G	Vehicle-to-x	service,	IP	Multimedia	Core	Network	Subsystem	(IMS),	Future	Railway	Mobile	Communication	System[17]	Release	16	2020	Q3
The	5G	System	-	Phase	2:	5G	enhancements,	NR-based	access	to	unlicensed	spectrum	(NR-U),	Satellite	access[18]	Release	17	2022	Q1	TSG	RAN:	Several	features	that	continue	to	be	important	for	overall	efficiency	and	performance	of	5G	NR:	MIMO,	Spectrum	Sharing	enhancements,	UE	Power	Saving	and	Coverage	Enhancements.	RAN1	will	also
undertake	the	necessary	study	and	specification	work	to	enhance	the	physical	layer	to	support	frequency	bands	beyond	52.6GHz,	all	the	way	up	until	71	GHz.	TSG	SA	groups	focused	on	further	enhancements	to	the	5G	system	and	enablers	for	new	features	and	services:	Enhanced	support	of:	non-public	networks,	industrial	Internet	of	Things,	low
complexity	NR	devices,	edge	computing	in	5GC,	access	traffic	steering,	switch	and	splitting	support,	network	automation	for	5G,	network	slicing,	advanced	V2X	service,	multiple	USIM	support,	proximity-based	services	in	5GS,	5G	multicast	broadcast	services,	Unmanned	Aerial	Systems	(UAS),	satellite	access	in	5G,	5GC	location	services,	Multimedia
Priority	Service...[19]	Release	18	2023	Q4	5G-Advanced.	Introducing	further	machine-learning	based	techniques	at	different	levels	of	the	wireless	network.	Edge	computing,	Evolution	of	IMS	Multimedia	Telephony	Service,	Smart	Energy	and	Infrastructure,	Vehicle-Mounted	Relays,	Low	Power	High	Accuracy	Positioning	for	industrial	IoT	scenarios,
Enhanced	Access	to	and	Support	of	Network	slicing,	Satellite	backhaul	in	5G...[20][21][19]	Each	release	incorporates	hundreds	of	individual	Technical	Specification	and	Technical	Report	documents,	each	of	which	may	have	been	through	many	revisions.	Current	3GPP	standards	incorporate	the	latest	revision	of	the	GSM	standards.	The	documents	are
made	available	without	charge	on	3GPP's	web	site.	The	Technical	Specifications	cover	not	only	the	radio	part	("Air	Interface")	and	Core	Network,	but	also	billing	information	and	speech	coding	down	to	source	code	level.	Cryptographic	aspects	(such	as	authentication,	confidentiality)	are	also	specified.	Specification	groups	The	3GPP	specification	work
is	done	in	Technical	Specification	Groups	(TSGs)	and	Working	Groups	(WGs).[22]	There	are	three	Technical	Specifications	Groups,	each	of	which	consists	of	multiple	WGs:	RAN	(Radio	Access	Network):	RAN	specifies	the	UTRAN	and	the	E-UTRAN.	It	is	composed	of	six	working	groups.	WG	Shorthand	Scope	Specifications	RAN	WG1	RAN1	Radio	Layer
1	(Physical	layer)	List	of	specs	RAN	WG2	RAN2	Radio	Layer	2	and	Radio	Layer	3	Radio	Resource	Control	List	of	specs	RAN	WG3	RAN3	UTRAN,	E-UTRAN,	NG-RAN	architecture	and	related	network	interfaces	List	of	specs	RAN	WG4	RAN4	Radio	performance	and	protocol	aspects	List	of	specs	RAN	WG5	RAN5	Mobile	terminal	conformance	testing	List
of	specs	SA	(Service	and	System	Aspects):	SA	specifies	the	service	requirements	and	the	overall	architecture	of	the	3GPP	system.	It	is	also	responsible	for	the	coordination	of	the	project.	SA	is	composed	of	six	working	groups.	WG	Shorthand	Scope	Specifications	SA	WG1	SA1	Services	List	of	specs	SA	WG2	SA2	Architecture	List	of	specs	SA	WG3	SA3
Security	List	of	specs	SA	WG4	SA4	Codec	List	of	specs	SA	WG5	SA5	Management,	Orchestration	and	Charging	List	of	specs	SA	WG6	SA6	Application	Enablement	and	Critical	Communication	Applications	List	of	specs	CT	(Core	Network	and	Terminals):	CT	specifies	the	core	network	and	terminal	parts	of	3GPP.	It	includes	the	core	network	–	terminal
layer	3	protocols.	It	is	composed	of	five	working	groups.	WG	Shorthand	Scope	Specifications	CT	WG1	CT1	User	Equipment	-	Core	Network	protocols	List	of	specs	CT	WG2	CT2	closed	CT	WG3	CT3	Interworking	with	external	networks	List	of	specs	CT	WG4	CT4	Core	Network	Protocols	List	of	specs	CT	WG5	CT5	closed	CT	WG6	CT6	Smart	Card
Application	Aspects	List	of	specs	GERAN	(GSM/EDGE	Radio	Access	Network):	The	closure	of	GERAN	was	announced	in	January	2016.[23]	The	specification	work	on	legacy	GSM/EDGE	system	was	transferred	to	RAN	WG,	RAN6.	RAN6	was	closed	in	July	2020	(	.	The	3GPP	structure	also	includes	a	Project	Coordination	Group,	which	is	the	highest
decision-making	body.	Its	missions	include	the	management	of	overall	timeframe	and	work	progress.	Standardization	process	3GPP	standardization	work	is	contribution-driven.	Companies	("individual	members")	participate	through	their	membership	to	a	3GPP	Organizational	Partner.	As	of	December	2020,	3GPP	is	composed	of	719	individual
members.[24]	Specification	work	is	done	at	WG	and	at	TSG	level:[25]	the	3GPP	WGs	hold	several	meetings	a	year.	They	prepare	and	discuss	change	requests	against	3GPP	specifications.	A	change	request	accepted	at	WG	level	is	called	"agreed".	the	3GPP	TSGs	hold	plenary	meetings	quarterly.	The	TSGs	can	"approve"	the	change	requests	that	were
agreed	at	WG	level.	Some	specifications	are	under	the	direct	responsibility	of	TSGs	and	therefore,	change	requests	can	also	be	handled	at	TSG	level.	The	approved	change	requests	are	subsequently	incorporated	in	3GPP	specifications.	3GPP	follows	a	three-stage	methodology	as	defined	in	ITU-T	Recommendation	I.130:[26]	stage	1	specifications
define	the	service	requirements	from	the	user	point	of	view.	stage	2	specifications	define	an	architecture	to	support	the	service	requirements.	stage	3	specifications	define	an	implementation	of	the	architecture	by	specifying	protocols	in	details.	Test	specifications	are	sometimes	defined	as	stage	4,	as	they	follow	stage	3.	Specifications	are	grouped	into
releases.	A	release	consists	of	a	set	of	internally	consistent	set	of	features	and	specifications.	Timeframes	are	defined	for	each	release	by	specifying	freezing	dates.	Once	a	release	is	frozen,	only	essential	corrections	are	allowed	(i.e.	addition	and	modifications	of	functions	are	forbidden).	Freezing	dates	are	defined	for	each	stage.	The	3GPP
specifications	are	transposed	into	deliverables	by	the	Organizational	Partners.	See	also	List	of	mobile	phone	generations	Universal	Mobile	Telecommunications	System	(UMTS)	3GPP	Long	Term	Evolution	Evolution	to	3G	IP	Multimedia	Subsystem	3GP	3GPP2	–	The	3GPP's	counterpart	in	the	CDMA2000	sphere.	GSM	services	LoRaWAN	Telecoms	&
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decoding,	encoding	network	protocol	messages	defined	by	3gpp	LTE-3GPP.info:	online	3GPP	messages	decoder	fully	supporting	Rel.15	Retrieved	from	"	3	3rd	Generation	Partnership	Project	2Abbreviation3GPP2TypeStandards	organization	The	3rd	Generation	Partnership	Project	2	(3GPP2)	is	a	collaboration	between	telecommunications	associations
to	make	a	globally	applicable	third	generation	(3G)	mobile	phone	system	specification	within	the	scope	of	the	ITU's	IMT-2000	project.	In	practice,	3GPP2	is	the	standardization	group	for	CDMA2000,	the	set	of	3G	standards	based	on	the	earlier	cdmaOne	2G	CDMA	technology.	The	participating	associations	are	ARIB/TTC	(Japan),	China
Communications	Standards	Association,	Telecommunications	Industry	Association	(North	America)	and	Telecommunications	Technology	Association	(South	Korea).	The	agreement	was	established	in	December	1998.	Ultra	Mobile	Broadband	(UMB)	was	a	3GPP2	project	to	develop	a	fourth-generation	successor	to	CDMA2000.	In	November	2008,
Qualcomm,	UMB's	lead	sponsor,	announced	it	was	ending	development	of	the	technology,	favoring	LTE	instead.[1]	3GPP2	should	not	be	confused	with	3GPP;	3GPP	is	the	standard	body	behind	the	Universal	Mobile	Telecommunications	System	(UMTS)	that	is	the	3G	upgrade	to	GSM	networks,	while	3GPP2	is	the	standard	body	behind	the	competing
3G	standard	CDMA2000	that	is	the	3G	upgrade	to	cdmaOne	networks	used	mostly	in	the	United	States	(and	to	some	extent	also	in	Japan,	China,	Canada,	South	Korea	and	India).	GSM/UMTS	were	the	most	widespread	2G/3G	wireless	standards	worldwide.	Most	countries	used	only	the	GSM	family.	A	few	countries,	including	China,	the	United	States,
Canada,	Ukraine,	Trinidad	and	Tobago,	India,	South	Korea	and	Japan,	used	both	sets	of	standards.	3GPP2	had	its	last	activity	in	2013,[2]	and	the	group	has	been	dormant	ever	since.	References	^	Qualcomm	halts	UMB	project,	Reuters,	13	November	2008	^	"3GPP2	Technology	Webinar".	3GPP2.	External	links	3GPP2	Official	Web	site	About	3GPP2
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3G	is	the	third	generation	of	wireless	mobile	telecommunications	technology.	It	is	the	upgrade	over	2G,	2.5G,	GPRS	and	2.75G	EDGE	networks,	offering	faster	data	transfer,	and	better	voice	quality.[1]	This	network	was	superseded	by	4G,	and	later	on	by	5G.	This	network	is	based	on	a	set	of	standards	used	for	mobile	devices	and	mobile
telecommunications	use	services	and	networks	that	comply	with	the	International	Mobile	Telecommunications-2000	(IMT-2000)	specifications	by	the	International	Telecommunication	Union.	3G	finds	application	in	wireless	voice	telephony,	mobile	Internet	access,	fixed	wireless	Internet	access,	video	calls	and	mobile	TV.[1]	3G	telecommunication
networks	support	services	that	provide	an	information	transfer	rate	of	at	least	144	kbit/s.[2][3][4]	Later	3G	releases,	often	denoted	3.5G	and	3.75G,	also	provide	mobile	broadband	access	of	several	Mbit/s	to	smartphones	and	mobile	modems	in	laptop	computers.	This	ensures	it	can	be	applied	to	wireless	voice	calls,	mobile	Internet	access,	fixed
wireless	Internet	access,	video	calls	and	mobile	TV	technologies.	A	new	generation	of	cellular	standards	has	appeared	approximately	every	tenth	year	since	1G	systems	were	introduced	in	1979	and	the	early	to	mid-1980s.	Each	generation	is	characterized	by	new	frequency	bands,	higher	data	rates	and	non–backward-compatible	transmission
technology.	The	first	commercial	3G	networks	were	introduced	in	mid-2001.[5][6][7][8]	Overview	Several	telecommunications	companies	market	wireless	mobile	Internet	services	as	3G,	indicating	that	the	advertised	service	is	provided	over	a	3G	wireless	network.	Services	advertised	as	3G	are	required	to	meet	IMT-2000	technical	standards,
including	standards	for	reliability	and	speed	(data	transfer	rates).	To	meet	the	IMT-2000	standards,	a	system	must	provide	peak	data	rates	of	at	least	144	kbit/s.[4]	However,	many	services	advertised	as	3G	provide	higher	speed	than	the	minimum	technical	requirements	for	a	3G	service.[9]	Subsequent	3G	releases,	denoted	3.5G	and	3.75G,	provided
mobile	broadband	access	of	several	Mbit/s	for	smartphones	and	mobile	modems	in	laptop	computers.[10]	3G	branded	standards:	The	UMTS	(Universal	Mobile	Telecommunications	System)	system,	standardized	by	3GPP	in	2001,	was	used	in	Europe,	Japan,	China	(with	a	different	radio	interface)	and	other	regions	predominated	by	GSM	(Global
Systems	for	Mobile)	2G	system	infrastructure.	The	cell	phones	are	typically	UMTS	and	GSM	hybrids.	Several	radio	interfaces	are	offered,	sharing	the	same	infrastructure:	The	original	and	most	widespread	radio	interface	is	called	W-CDMA	(Wideband	Code	Division	Multiple	Access).	The	TD-SCDMA	radio	interface	was	commercialized	in	2009	and
only	offered	in	China.	The	latest	UMTS	release,	HSPA+,	can	provide	peak	data	rates	up	to	56	Mbit/s	in	the	downlink	in	theory	(28	Mbit/s	in	existing	services)	and	22	Mbit/s	in	the	uplink.	The	CDMA2000	system,	first	offered	in	2002,	standardized	by	3GPP2,	used	especially	in	North	America	and	South	Korea,	sharing	infrastructure	with	the	IS-95	2G
standard.	The	cell	phones	are	typically	CDMA2000	and	IS-95	hybrids.	The	latest	release	EVDO	Rev.	B	offers	peak	rates	of	14.7	Mbit/s	downstream.	The	3G	systems	and	radio	interfaces	are	based	on	spread	spectrum	radio	transmission	technology.	While	the	GSM	EDGE	standard	("2.9G"),	DECT	cordless	phones	and	Mobile	WiMAX	standards	formally
also	fulfill	the	IMT-2000	requirements	and	are	approved	as	3G	standards	by	ITU,	these	are	typically	not	branded	as	3G	and	are	based	on	completely	different	technologies.	The	common	standards	complying	with	the	IMT2000/3G	standard	are:	EDGE,	a	revision	by	the	3GPP	organization	to	the	older	2G	GSM	based	transmission	methods,	which	utilizes
the	same	switching	nodes,	base	station	sites,	and	frequencies	as	GPRS,	but	includes	a	new	base	station	and	cellphone	RF	circuits.	It	is	based	on	the	three	times	as	efficient	8PSK	modulation	scheme	as	a	supplement	to	the	original	GMSK	modulation	scheme.	EDGE	is	still	used	extensively	due	to	its	ease	of	upgrade	from	existing	2G	GSM	infrastructure
and	cell	phones.	EDGE	combined	with	the	GPRS	2.5G	technology	is	called	EGPRS,	and	allows	peak	data	rates	in	the	order	of	200	kbit/s,	just	like	the	original	UMTS	WCDMA	versions	and	thus	formally	fulfill	the	IMT2000	requirements	on	3G	systems.	However,	in	practice,	EDGE	is	seldom	marketed	as	a	3G	system,	but	a	2.9G	system.	EDGE	shows
slightly	better	system	spectral	efficiency	than	the	original	UMTS	and	CDMA2000	systems,	but	it	is	difficult	to	reach	much	higher	peak	data	rates	due	to	the	limited	GSM	spectral	bandwidth	of	200	kHz,	and	it	is	thus	a	dead	end.	EDGE	was	also	a	mode	in	the	IS-136	TDMA	system,	no	longer	used.	Evolved	EDGE,	the	latest	revision,	has	peaks	of	1	Mbit/s
downstream	and	400	kbit/s	upstream	but	is	not	commercially	used.	The	Universal	Mobile	Telecommunications	System,	created	and	revised	by	the	3GPP.	The	family	is	a	full	revision	from	GSM	in	terms	of	encoding	methods	and	hardware,	although	some	GSM	sites	can	be	retrofitted	to	broadcast	in	the	UMTS/W-CDMA	format.	W-CDMA	is	the	most
common	deployment,	commonly	operated	on	the	2,100	MHz	band.	A	few	others	use	the	850,	900,	and	1,900	MHz	bands.	HSPA	is	an	amalgamation	of	several	upgrades	to	the	original	W-CDMA	standard	and	offers	speeds	of	14.4	Mbit/s	down	and	5.76	Mbit/s	up.	HSPA	is	backward-compatible	and	uses	the	same	frequencies	as	W-CDMA.	HSPA+,	a
further	revision	and	upgrade	of	HSPA,	can	provide	theoretical	peak	data	rates	up	to	168	Mbit/s	in	the	downlink	and	22	Mbit/s	in	the	uplink,	using	a	combination	of	air	interface	improvements	as	well	as	multi-carrier	HSPA	and	MIMO.	Technically	though,	MIMO	and	DC-HSPA	can	be	used	without	the	"+"	enhancements	of	HSPA+.	The	CDMA2000
system,	or	IS-2000,	including	CDMA2000	1x	and	CDMA2000	High	Rate	Packet	Data	(or	EVDO),	standardized	by	3GPP2	(differing	from	the	3GPP),	evolving	from	the	original	IS-95	CDMA	system,	is	used	especially	in	North	America,	China,	India,	Pakistan,	Japan,	South	Korea,	Southeast	Asia,	Europe,	and	Africa.	CDMA2000	1x	Rev.	E	has	an	increased
voice	capacity	(by	three	times	the	original	amount)	compared	to	Rev.	0	EVDO	Rev.	B	offers	downstream	peak	rates	of	14.7	Mbit/s	while	Rev.	C	enhanced	existing	and	new	terminal	user	experience.	While	DECT	cordless	phones	and	Mobile	WiMAX	standards	formally	also	fulfill	the	IMT-2000	requirements,	they	are	not	usually	considered	due	to	their
rarity	and	unsuitability	for	usage	with	mobile	phones.[11]	Break-up	of	3G	systems	The	3G	(UMTS	and	CDMA2000)	research	and	development	projects	started	in	1992.	In	1999,	ITU	approved	five	radio	interfaces	for	IMT-2000	as	a	part	of	the	ITU-R	M.1457	Recommendation;	WiMAX	was	added	in	2007.[12]	There	are	evolutionary	standards	(EDGE	and
CDMA)	that	are	backward-compatible	extensions	to	pre-existing	2G	networks	as	well	as	revolutionary	standards	that	require	all-new	network	hardware	and	frequency	allocations.	The	cell	phones	use	UMTS	in	combination	with	2G	GSM	standards	and	bandwidths,	but	do	not	support	EDGE.	The	latter	group	is	the	UMTS	family,	which	consists	of
standards	developed	for	IMT-2000,	as	well	as	the	independently	developed	standards	DECT	and	WiMAX,	which	were	included	because	they	fit	the	IMT-2000	definition.	While	EDGE	fulfills	the	3G	specifications,	most	GSM/UMTS	phones	report	EDGE	("2.75G")	and	UMTS	("3G")	functionality.[13]	History	3G	technology	was	the	result	of	research	and
development	work	carried	out	by	the	International	Telecommunication	Union	(ITU)	in	the	early	1980s.	3G	specifications	and	standards	were	developed	in	fifteen	years.	The	technical	specifications	were	made	available	to	the	public	under	the	name	IMT-2000.	The	communication	spectrum	between	400	MHz	to	3	GHz	was	allocated	for	3G.	Both	the
government	and	communication	companies	approved	the	3G	standard.	The	first	pre-commercial	3G	network	was	launched	by	NTT	DoCoMo	in	Japan	in	1998,[14]	branded	as	FOMA.	It	was	first	available	in	May	2001	as	a	pre-release	(test)	of	W-CDMA	technology.	The	first	commercial	launch	of	3G	was	also	by	NTT	DoCoMo	in	Japan	on	1	October	2001,
although	it	was	initially	somewhat	limited	in	scope;[15][16]	broader	availability	of	the	system	was	delayed	by	apparent	concerns	over	its	reliability.[17]	The	first	European	pre-commercial	network	was	an	UMTS	network	on	the	Isle	of	Man	by	Manx	Telecom,	the	operator	then	owned	by	British	Telecom,	and	the	first	commercial	network	(also	UMTS
based	W-CDMA)	in	Europe	was	opened	for	business	by	Telenor	in	December	2001	with	no	commercial	handsets	and	thus	no	paying	customers.	The	first	network	to	go	commercially	live	was	by	SK	Telecom	in	South	Korea	on	the	CDMA-based	1xEV-DO	technology	in	January	2002.	By	May	2002,	the	second	South	Korean	3G	network	was	by	KT	on	EV-
DO	and	thus	the	South	Koreans	were	the	first	to	see	competition	among	3G	operators.	The	first	commercial	United	States	3G	network	was	by	Monet	Mobile	Networks,	on	CDMA2000	1x	EV-DO	technology,	but	the	network	provider	later	shut	down	operations.	The	second	3G	network	operator	in	the	USA	was	Verizon	Wireless	in	July	2002,	also	on
CDMA2000	1x	EV-DO.	AT&T	Mobility	was	also	a	true	3G	UMTS	network,	having	completed	its	upgrade	of	the	3G	network	to	HSUPA.	The	first	commercial	United	Kingdom	3G	network	was	started	by	Hutchison	Telecom	which	was	originally	behind	Orange	S.A.[18]	In	2003,	it	announced	first	commercial	third	generation	or	3G	mobile	phone	network	in
the	UK.	The	first	pre-commercial	demonstration	network	in	the	southern	hemisphere	was	built	in	Adelaide,	South	Australia,	by	m.Net	Corporation	in	February	2002	using	UMTS	on	2100	MHz.	This	was	a	demonstration	network	for	the	2002	IT	World	Congress.	The	first	commercial	3G	network	was	launched	by	Hutchison	Telecommunications	branded
as	Three	or	"3"	in	June	2003.[19]	In	India,	on	11	December	2008,	the	first	3G	mobile	and	internet	services	were	launched	by	a	state-owned	company,	Mahanagar	Telecom	Nigam	Limited	(MTNL),	within	the	metropolitan	cities	of	Delhi	and	Mumbai.	After	MTNL,	another	state-owned	company,	Bharat	Sanchar	Nigam	Limited	(BSNL),	began	deploying
the	3G	networks	country-wide.	Emtel	launched	the	first	3G	network	in	Africa.[20]	Adoption	Japan	was	one	of	the	first	countries	to	adopt	3G,	the	reason	being	the	process	of	3G	spectrum	allocation,	which	in	Japan	was	awarded	without	much	upfront	cost.	The	frequency	spectrum	was	allocated	in	the	US	and	Europe	based	on	auctioning,	thereby
requiring	a	huge	initial	investment	for	any	company	wishing	to	provide	3G	services.	European	companies	collectively	paid	over	100	billion	dollars	in	their	spectrum	auctions.[21]	Nepal	Telecom	adopted	3G	Service	for	the	first	time	in	southern	Asia.	However,	its	3G	was	relatively	slow	to	be	adopted	in	Nepal.	In	some	instances,	3G	networks	do	not	use
the	same	radio	frequencies	as	2G,	so	mobile	operators	must	build	entirely	new	networks	and	license	entirely	new	frequencies,	especially	to	achieve	high	data	transmission	rates.	Other	countries'	delays	were	due	to	the	expenses	of	upgrading	transmission	hardware,	especially	for	UMTS,	whose	deployment	required	the	replacement	of	most	broadcast
towers.	Due	to	these	issues	and	difficulties	with	deployment,	many	carriers	could	not	or	delayed	the	acquisition	of	these	updated	capabilities.	In	December	2007,	190	3G	networks	were	operating	in	40	countries	and	154	HSDPA	networks	were	operating	in	71	countries,	according	to	the	Global	Mobile	Suppliers	Association	(GSA).	In	Asia,	Europe,
Canada,	and	the	US,	telecommunication	companies	use	W-CDMA	technology	with	the	support	of	around	100	terminal	designs	to	operate	3G	mobile	networks.	The	roll-out	of	3G	networks	was	delayed	by	the	enormous	costs	of	additional	spectrum	licensing	fees	in	some	countries.	The	license	fees	in	some	European	countries	were	particularly	high,
bolstered	by	government	auctions	of	a	limited	number	of	licenses	and	sealed	bid	auctions,	and	initial	excitement	over	3G's	potential.	This	led	to	a	telecoms	crash	that	ran	concurrently	with	similar	crashes	in	the	fibre-optic	and	dot.com	fields.	The	3G	standard	is	perhaps	well	known	because	of	a	massive	expansion	of	the	mobile	communications	market
post-2G	and	advances	of	the	consumer	mobile	phone.	An	especially	notable	development	during	this	time	is	the	smartphone	(for	example,	the	iPhone,	and	the	Android	family),	combining	the	abilities	of	a	PDA	with	a	mobile	phone,	leading	to	widespread	demand	for	mobile	internet	connectivity.	3G	has	also	introduced	the	term	"mobile	broadband"
because	its	speed	and	capability	made	it	a	viable	alternative	for	internet	browsing,	and	USB	Modems	connecting	to	3G	networks,	and	now	4G	became	increasingly	common.	Market	penetration	By	June	2007,	the	200	millionth	3G	subscriber	had	been	connected	of	which	10	million	were	in	Nepal	and	8.2	million	in	India.	This	200	millionth	is	only	6.7%
of	the	3	billion	mobile	phone	subscriptions	worldwide.	(When	counting	CDMA2000	1x	RTT	customers—max	bitrate	72%	of	the	200	kbit/s	which	defines	3G—the	total	size	of	the	nearly-3G	subscriber	base	was	475	million	as	of	June	2007,	which	was	15.8%	of	all	subscribers	worldwide.)	In	the	countries	where	3G	was	launched	first	–	Japan	and	South
Korea	–	3G	penetration	is	over	70%.[22]	In	Europe	the	leading	country[when?]	for	3G	penetration	is	Italy	with	a	third	of	its	subscribers	migrated	to	3G.	Other	leading	countries[when?]	for	3G	use	include	Nepal,	UK,	Austria,	Australia	and	Singapore	at	the	32%	migration	level.	According	to	ITU	estimates,[23]	as	of	Q4	2012	there	were	2096	million
active	mobile-broadband[vague]	subscribers	worldwide	out	of	a	total	of	6835	million	subscribers—this	is	just	over	30%.	About	half	the	mobile-broadband	subscriptions	are	for	subscribers	in	developed	nations,	934	million	out	of	1600	million	total,	well	over	50%.	Note	however	that	there	is	a	distinction	between	a	phone	with	mobile-broadband
connectivity	and	a	smart	phone	with	a	large	display	and	so	on—although	according[24]	to	the	ITU	and	informatandm.com	the	USA	has	321	million	mobile	subscriptions,	including	256	million	that	are	3G	or	4G,	which	is	both	80%	of	the	subscriber	base	and	80%	of	the	USA	population,	according[23]	to	ComScore	just	a	year	earlier	in	Q4	2011	only	about
42%	of	people	surveyed	in	the	USA	reported	they	owned	a	smart	phone.	In	Japan,	3G	penetration	was	similar	at	about	81%,	but	smart	phone	ownership	was	lower	at	about	17%.[23]	In	China,	there	were	486.5	million	3G	subscribers	in	June	2014,[25]	in	a	population	of	1,385,566,537	(2013	UN	estimate).	Decline	and	decommissions	This	section	needs
to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(May	2022)	Since	the	increasing	adoption	of	4G	networks	across	the	globe,	3G	use	has	been	in	decline.	Several	operators	around	the	world	have	already	or	are	in	the	process	of	shutting	down	their	3G	networks	(see	table	below).	In	several	places,	3G
is	being	shut	down	while	its	older	predecessor	2G	is	being	kept	in	operation;	Vodafone	Europe	is	doing	this,	citing	2G's	usefulness	as	a	low-power	fall-back.[26]	EE	in	the	UK	have	indicated	that	they	plan	to	phase	out	3G	by	2023	with	the	spectrum	being	used	to	enhance	5G	capacity.[27]	In	the	US,	Verizon	was	planning	to	shut	down	its	3G	services	at
the	end	of	2020	(later	delayed	to	the	end	of	2022[28]),	while	T-Mobile/Sprint	is	planning	to	do	so	on	31	March	2022,	and	AT&T	is	planning	to	do	so	in	February	2022.[29][30]	Currently	3G	around	the	world	is	declining	in	availability	and	support.	Technology	that	depends	on	3G	for	usage	will	soon	become	inoperable	in	many	places.	For	example,	the
European	Union	plans	to	ensure	that	member	countries	maintain	2G	networks	as	a	fallback[citation	needed],	so	3G	devices	that	are	backwards	compatible	with	2G	frequencies	can	continue	to	be	used.	However,	in	countries	that	plan	to	decommission	2G	networks	as	well,	such	as	the	United	States,	devices	supporting	only	3G	and	backwards
compatible	with	2G	will	soon	be	inoperable.[31]	Patents	It	has	been	estimated	that	there	are	almost	8,000	patents	declared	essential	(FRAND)	related	to	the	483	technical	specifications	which	form	the	3GPP	and	3GPP2	standards.[32][33]	Twelve	companies	accounted	in	2004	for	90%	of	the	patents	(Qualcomm,	Ericsson,	Nokia,	Motorola,	Philips,	NTT
DoCoMo,	Siemens,	Mitsubishi,	Fujitsu,	Hitachi,	InterDigital,	and	Matsushita).	Even	then,	some	patents	essential	to	3G	might	not	have	been	declared	by	their	patent	holders.	It	is	believed	that	Nortel	and	Lucent	have	undisclosed	patents	essential	to	these	standards.[33]	Furthermore,	the	existing	3G	Patent	Platform	Partnership	Patent	pool	has	little
impact	on	FRAND	protection	because	it	excludes	the	four	largest	patent	owners	for	3G.[34][35]	Features	Data	rates	ITU	has	not	provided	a	clear[36][vague]	definition	of	the	data	rate	that	users	can	expect	from	3G	equipment	or	providers.	Thus	users	sold	3G	service	may	not	be	able	to	point	to	a	standard	and	say	that	the	rates	it	specifies	are	not	being
met.	While	stating	in	commentary	that	"it	is	expected	that	IMT-2000	will	provide	higher	transmission	rates:	a	minimum	data	rate	of	2	Mbit/s	for	stationary	or	walking	users,	and	348	kbit/s	in	a	moving	vehicle,"[37]	the	ITU	does	not	actually	clearly	specify	minimum	required	rates,	nor	required	average	rates,	nor	what	modes[clarification	needed]	of	the
interfaces	qualify	as	3G,	so	various[vague]	data	rates	are	sold	as	'3G'	in	the	market.	In	a	market	implementation,	3G	downlink	data	speeds	defined	by	telecom	service	providers	vary	depending	on	the	underlying	technology	deployed;	up	to	384kbit/s	for	UMTS	(WCDMA),	up	to	7.2Mbit/sec	for	HSPA,	and	a	theoretical	maximum	of	21.1	Mbit/s	for	HSPA+
and	42.2	Mbit/s	for	DC-HSPA+	(technically	3.5G,	but	usually	clubbed	under	the	tradename	of	3G).[citation	needed]	Compare	data	speeds	with	3.5G	and	4G.	Security	See	also:	Mobile	security	§	Attacks	based	on	the	GSM	networks	3G	networks	offer	greater	security	than	their	2G	predecessors.	By	allowing	the	UE	(User	Equipment)	to	authenticate	the
network	it	is	attaching	to,	the	user	can	be	sure	the	network	is	the	intended	one	and	not	an	impersonator.	3G	networks	use	the	KASUMI	block	cipher	instead	of	the	older	A5/1	stream	cipher.	However,	a	number	of	serious	weaknesses	in	the	KASUMI	cipher	have	been	identified.[38]	In	addition	to	the	3G	network	infrastructure	security,	end-to-end
security	is	offered	when	application	frameworks	such	as	IMS	are	accessed,	although	this	is	not	strictly	a	3G	property.	Applications	of	3G	The	bandwidth	and	location	information	available	to	3G	devices	gives	rise	to	applications	not	previously	available	to	mobile	phone	users.	It	became	possible	to	conveniently	surf	the	internet	on	a	3G	network	on	the
go	with	minimum	hassle,	and	do	many	other	tasks	previously	a	slow	and	difficult	hassle	on	2G.	Medical	devices,	fire	alarms,	ankle	monitors	use	this	network	for	accomplishing	their	designated	tasks	alongside	mobile	phone	users.[39]	This	network	marked	the	first	for	a	cellular	communications	network	to	be	used	in	such	a	wide	variety	of	tasks,	kick-
starting	the	beginning	of	widespread	usage	of	cellular	networks.	Evolution	Both	3GPP	and	3GPP2	are	working	on	the	extensions	to	3G	standards	that	are	based	on	an	all-IP	network	infrastructure	and	using	advanced	wireless	technologies	such	as	MIMO.	These	specifications	already	display	features	characteristic	for	IMT-Advanced	(4G),	the	successor
of	3G.	However,	falling	short	of	the	bandwidth	requirements	for	4G	(which	is	1	Gbit/s	for	stationary	and	100	Mbit/s	for	mobile	operation),	these	standards	are	classified	as	3.9G	or	Pre-4G.	3GPP	plans	to	meet	the	4G	goals	with	LTE	Advanced,	whereas	Qualcomm	has	halted	UMB	development	in	favour	of	the	LTE	family.[40]	On	14	December	2009,
TeliaSonera	announced	in	an	official	press	release	that	"We	are	very	proud	to	be	the	first	operator	in	the	world	to	offer	our	customers	4G	services."[41]	With	the	launch	of	their	LTE	network,	initially	they	are	offering	pre-4G	(or	beyond	3G)	services	in	Stockholm,	Sweden	and	Oslo,	Norway.	Phase	out	Country	Network	Shutdown	date	Standard	Notes
	Australia	Telstra	2024-06	UMTS	[42][43]		Austria	Magenta	Telekom	2024	UMTS	[44]		Belgium	Orange	2025-12-31	UMTS	[45]		Canada	Bell	2025-12-31	UMTS	[46]	Rogers	2025-12-31	UMTS	[46][47]	Telus	2025-12-31	UMTS	[46]		China	China	Mobile	since2016-03-16	TD-SCDMA	[48][49]	China	Telecom	since2020-06-16	CDMA2000	1xEV-DO	[50]
	Czech	Republic	O2	2021-11-30	UMTS	[51]	Telekom	2021-11-30	UMTS	[51]	Vodafone	2021-03-31	UMTS	[52]		Denmark	Telenor	Denmark	2022	Q3	UMTS	[53]		Estonia	Tele2	2025-12-31	UMTS	[54]	Telia	Eesti	2023-12-31	UMTS	[55]		France	Orange	2028-12-31	UMTS	[45]		Germany	Deutsche	Telekom	2021-06-30	UMTS	[56]	O2	2021-12-31	UMTS	[57]
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High	Speed	Packet	Access	(HSPA)[1]	is	an	amalgamation	of	two	mobile	protocols,	High	Speed	Downlink	Packet	Access	(HSDPA)	and	High	Speed	Uplink	Packet	Access	(HSUPA),	that	extends	and	improves	the	performance	of	existing	3G	mobile	telecommunication	networks	using	the	WCDMA	protocols.	A	further	improved	3GPP	standard,	Evolved	High
Speed	Packet	Access	(also	known	as	HSPA+),	was	released	late	in	2008	with	subsequent	worldwide	adoption	beginning	in	2010.	The	newer	standard	allows	bit-rates	to	reach	as	high	as	337	Mbit/s	in	the	downlink	and	34	Mbit/s	in	the	uplink.	However,	these	speeds	are	rarely	achieved	in	practice.[2]	Overview	The	first	HSPA	specifications	supported
increased	peak	data	rates	of	up	to	14	Mbit/s	in	the	downlink	and	5.76	Mbit/s	in	the	uplink.	It	also	reduced	latency	and	provided	up	to	five	times	more	system	capacity	in	the	downlink	and	up	to	twice	as	much	system	capacity	in	the	uplink	compared	with	original	WCDMA	protocol.	High	Speed	Downlink	Packet	Access	(HSDPA)	Cellular	network
standards	and	generation	timeline.	High	Speed	Downlink	Packet	Access	(HSDPA)	is	an	enhanced	3G	(third-generation)	mobile	communications	protocol	in	the	High-Speed	Packet	Access	(HSPA)	family.	HSDPA	is	also	known	as	3.5G	and	3G+.	It	allows	networks	based	on	the	Universal	Mobile	Telecommunications	System	(UMTS)	to	have	higher	data
speeds	and	capacity.	HSDPA	was	introduced	with	3GPP	Release	5,	which	also	accompanied	an	improvement	on	the	uplink	providing	a	new	bearer	of	384	kbit/s.	The	previous	maximum	bearer	was	128	kbit/s.	HSDPA	also	decreases	latency	and	therefore	the	round-trip	time	for	applications.	Evolved	High	Speed	Packet	Access	(HSPA+),	which	was
introduced	in	3GPP	Release	7,	further	increased	data	rates	by	adding	64QAM	modulation,	MIMO,	and	Dual-Carrier	HSDPA	operation.	Even	higher	speeds	of	up	to	337.5	Mbit/s	are	possible	under	3GPP	Release	11.[3]	The	first	phase	of	HSDPA	was	specified	in	the	3GPP	release	5.	Phase	one	introduced	new	basic	functions	and	was	aimed	to	achieve
peak	data	rates	of	14.0	Mbit/s	with	significantly	reduced	latency.	The	improvement	in	speed	and	latency	reduces	the	cost	per	bit	and	enhances	support	for	high-performance	packet	data	applications.	HSDPA	is	based	on	shared	channel	transmission,	and	its	key	features	are	shared	channel	and	multi-code	transmission,	higher-order	modulation,	short
transmission	time	interval	(TTI),	fast	link	adaptation	and	scheduling,	and	fast	hybrid	automatic	repeat	request	(HARQ).	Further	new	features	are	the	High	Speed	Downlink	Shared	Channels	(HS-DSCH),	quadrature	phase-shift	keying,	16-quadrature	amplitude	modulation,	and	the	High	Speed	Medium	Access	protocol	(MAC-hs)	in	base	station.	The
upgrade	to	HSDPA	is	often	just	a	software	update	for	WCDMA	networks.	In	general,	voice	calls	are	usually	prioritized	over	data	transfer.	User	equipment	categories	The	following	table	is	derived	from	table	5.1a	of	the	release	11	of	3GPP	TS	25.306[4]	and	shows	maximum	data	rates	of	different	device	classes	and	by	what	combination	of	features	they
are	achieved.	The	per-cell	per-stream	data	rate	is	limited	by	the	"maximum	number	of	bits	of	an	HS-DSCH	transport	block	received	within	an	HS-DSCH	TTI"	and	the	"minimum	inter-TTI	interval".	The	TTI	is	2	ms.	So,	for	example,	Cat	10	can	decode	27,952	bits/2	ms	=	13.976	Mbit/s	(and	not	14.4	Mbit/s	as	often	claimed	incorrectly).	Categories	1-4	and
11	have	inter-TTI	intervals	of	2	or	3,	which	reduces	the	maximum	data	rate	by	that	factor.	Dual-Cell	and	MIMO	2x2	each	multiply	the	maximum	data	rate	by	2,	because	multiple	independent	transport	blocks	are	transmitted	over	different	carriers	or	spatial	streams,	respectively.	The	data	rates	given	in	the	table	are	rounded	to	one	decimal	point.
HSDPA	User	Equipment	(UE)	categories	Category	Release	Max.	number	of	HS-DSCH	codes	(per	cell)	Modulation	[note	1]	MIMO,	Multi-Cell	Code	rate	at	max.	data	rate[note	2]	Max.	downlink	speed	(Mbit/s)[note	3]	1	5	5	16-QAM	.76	1.2	2	5	5	16-QAM	.76	1.2	3	5	5	16-QAM	.76	1.8	4	5	5	16-QAM	.76	1.8	5	5	5	16-QAM	.76	3.6	6	5	5	16-QAM	.76	3.6	7	5	10
16-QAM	.75	7.2	8	5	10	16-QAM	.76	7.2	9	5	15	16-QAM	.70	10.1	10	5	15	16-QAM	.97	14.0	11	5	5	QPSK	.76	0.9	12	5	5	QPSK	.76	1.8	Further	UE	categories	were	defined	from	3GGP	Release	7	onwards	as	Evolved	HSPA	(HSPA+)	and	are	listed	in	Evolved	HSDPA	UE	Categories.	Notes	^	16-QAM	implies	QPSK	support,	64-QAM	implies	16-QAM	and	QPSK
support.	^	The	maximal	code	rate	is	not	limited.	A	value	close	to	1	in	this	column	indicates	that	the	maximum	data	rate	can	be	achieved	only	in	ideal	conditions.	The	device	is	therefore	connected	directly	to	the	transmitter	to	demonstrate	these	data	rates.	^	The	maximum	data	rates	given	in	the	table	are	physical	layer	data	rates.	Application	layer
data	rate	is	approximately	85%	of	that,	due	to	the	inclusion	of	IP	headers	(overhead	information)	etc.	Adoption	GPRS-speed	in	a	HSDPA	plan	As	of	28	August	2009[update],	250	HSDPA	networks	have	commercially	launched	mobile	broadband	services	in	109	countries.	169	HSDPA	networks	support	3.6	Mbit/s	peak	downlink	data	throughput.	A
growing	number	are	delivering	21	Mbit/s	peak	data	downlink.[citation	needed]	CDMA2000-EVDO	networks	had	the	early	lead	on	performance,	and	Japanese	providers	were	highly	successful	benchmarks	for	it.	But	lately	this	seems	to	be	changing	in	favour	of	HSDPA	as	an	increasing	number	of	providers	worldwide	are	adopting	it.	During	2007,	an
increasing	number	of	telcos	worldwide	began	selling	HSDPA	USB	modems	to	provide	mobile	broadband	connections.	In	addition,	the	popularity	of	HSDPA	landline	replacement	boxes	grew—providing	HSDPA	for	data	via	Ethernet	and	WiFi,	and	ports	for	connecting	traditional	landline	telephones.	Some	are	marketed	with	connection	speeds	of	"up	to
7.2	Mbit/s",[5]	which	is	only	attained	under	ideal	conditions.	As	a	result,	these	services	can	be	slower	than	expected,	when	in	fringe	coverage	indoors.	High	Speed	Uplink	Packet	Access	(HSUPA)	High-Speed	Uplink	Packet	Access	(HSUPA)	is	a	3G	mobile	telephony	protocol	in	the	HSPA	family.	This	technology	was	the	second	major	step	in	the	UMTS
evolution	process.	It	was	specified	and	standardized	in	3GPP	Release	6	to	improve	the	uplink	data	rate	to	5.76	Mbit/s,	extending	the	capacity,	and	reducing	latency.	Together	with	additional	improvements,	this	creates	opportunities	for	a	number	of	new	applications	including	VoIP,	uploading	pictures,	and	sending	large	e-mail	messages.	HSUPA	has
been	superseded	by	newer	technologies	further	advancing	transfer	rates.	LTE	provides	up	to	150	Mbit/s	for	downlink	and	50	Mbit/s	for	uplink.	Its	evolution	LTE	Advanced	supports	maximum	downlink	rates	of	over	1	Gbit/s.	Technology	Enhanced	Uplink	adds	a	new	transport	channel	to	WCDMA,	called	the	Enhanced	Dedicated	Channel	(E-DCH).	It	also
features	several	improvements	similar	to	those	of	HSDPA,	including	multi-code	transmission,	shorter	transmission	time	interval	enabling	faster	link	adaptation,	fast	scheduling,	and	fast	Hybrid	Automatic	Repeat	Request	(HARQ)	with	incremental	redundancy	making	retransmissions	more	effective.	Similarly	to	HSDPA,	HSUPA	uses	a	"packet
scheduler",	but	it	operates	on	a	"request-grant"	principle	where	the	user	equipment	(UE)	requests	permission	to	send	data	and	the	scheduler	decides	when	and	how	many	UEs	will	be	allowed	to	do	so.	A	request	for	transmission	contains	data	about	the	state	of	the	transmission	buffer	and	the	queue	at	the	UE	and	its	available	power	margin.	However,
unlike	HSDPA,	uplink	transmissions	are	not	orthogonal	to	each	other.	In	addition	to	this	"scheduled"	mode	of	transmission,	the	standards	allows	a	self-initiated	transmission	mode	from	the	UEs,	denoted	"non-scheduled".	The	non-scheduled	mode	can,	for	example,	be	used	for	VoIP	services	for	which	even	the	reduced	TTI	and	the	Node	B	based
scheduler	will	be	unable	to	provide	the	very	short	delay	time	and	constant	bandwidth	required.	Each	MAC-d	flow	(i.e.,	QoS	flow)	is	configured	to	use	either	scheduled	or	non-scheduled	modes.	The	UE	adjusts	the	data	rate	for	scheduled	and	non-scheduled	flows	independently.	The	maximum	data	rate	of	each	non-scheduled	flow	is	configured	at	call
setup,	and	typically	not	changed	frequently.	The	power	used	by	the	scheduled	flows	is	controlled	dynamically	by	the	Node	B	through	absolute	grant	(consisting	of	an	actual	value)	and	relative	grant	(consisting	of	a	single	up/down	bit)	messages.	At	the	physical	layer,	HSUPA	introduces	new	channels	E-AGCH	(Absolute	Grant	Channel),	E-RGCH
(Relative	Grant	Channel),	F-DPCH	(Fractional-DPCH),	E-HICH	(E-DCH	Hybrid	ARQ	Indicator	Channel),	E-DPCCH	(E-DCH	Dedicated	Physical	Control	Channel),	and	E-DPDCH	(E-DCH	Dedicated	Physical	Data	Channel).	E-DPDCH	is	used	to	carry	the	E-DCH	Transport	Channel;	and	E-DPCCH	is	used	to	carry	the	control	information	associated	with	the
E-DCH.	User	equipment	categories	The	following	table	shows	uplink	speeds	for	the	different	categories	of	HSUPA.	HSUPA	User	Equipment	(UE)	categories	HSUPACategory	Release	Max.UplinkSpeed(Mbit/s)	Modulation	1	6	0.73	QPSK	2	6	1.46	QPSK	3	6	1.46	QPSK	4	6	2.93	QPSK	5	6	2.00	QPSK	6	6	5.76	QPSK	Further	UE	categories	were	defined
from	3GGP	Release	7	onwards	as	Evolved	HSPA	(HSPA+)	and	are	listed	in	Evolved	HSUPA	UE	Categories.	Evolved	High	Speed	Packet	Access	(HSPA+)	Main	article:	Evolved	High	Speed	Packet	Access	Evolved	HSPA	(also	known	as	HSPA	Evolution,	HSPA+)	is	a	wireless	broadband	standard	defined	in	3GPP	release	7	of	the	WCDMA	specification.	It
provides	extensions	to	the	existing	HSPA	definitions	and	is	therefore	backward	compatible	all	the	way	to	the	original	Release	99	WCDMA	network	releases.	Evolved	HSPA	provides	data	rates	between	42.2	and	56	Mbit/s	in	the	downlink	and	22	Mbit/s	in	the	uplink	(per	5	MHz	carrier)	with	multiple	input,	multiple	output	(2x2	MIMO)	technologies	and
higher	order	modulation	(64	QAM).	With	Dual	Cell	technology,	these	can	be	doubled.	Since	2011,	HSPA+	has	been	very	widely	deployed	amongst	WCDMA	operators	with	nearly	200	commitments.[6]	See	also	Wikimedia	Commons	has	media	related	to	High	Speed	Packet	Access.	Broadband	Cellular	router	DigRF	V3	Global	mobile	Suppliers	Association
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Retrieved	from	"	6First	widely	used	digital	cellular	network	For	other	uses,	see	2G	(disambiguation).	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	2G	is	short	notation	for	second-generation	cellular	network,	a	group	of
technology	standards	employed	for	cellular	networks.	2G	was	comercially	launched	on	the	GSM	standard	in	Finland	by	Radiolinja	(now	part	of	Elisa	Oyj)	in	1991.[1]	After	2G	was	launched,	the	previous	mobile	wireless	network	systems	were	retroactively	dubbed	1G.	While	radio	signals	on	1G	networks	are	analog,	radio	signals	on	2G	networks	are
digital,	though	both	systems	use	digital	signaling	to	connect	cellular	radio	towers	to	the	rest	of	the	mobile	network	system.	The	most	common	2G	technology	was	the	time-division	multiple	access	(TDMA)-based	GSM	standard,	used	in	most	of	the	world	outside	Japan	and	North	America.[citation	needed]	In	North	America,	Digital	AMPS	(IS-54	and	IS-
136)	and	cdmaOne	(IS-95)	were	the	main	systems.[citation	needed]	In	Japan	the	ubiquitous	system	was	Personal	Digital	Cellular	(PDC)	though	another,	Personal	Handy-phone	System	(PHS),	also	existed.[citation	needed]	Three	primary	benefits	of	2G	networks	over	their	1G	predecessors	were:	Digitally	encrypted	phone	conversations,	at	least	between
the	mobile	phone	and	the	cellular	base	station	but	not	necessarily	in	the	rest	of	the	network.	Significantly	more	efficient	use	of	the	radio	frequency	spectrum	enabling	more	users	per	frequency	band.	Data	services	for	mobile,	starting	with	SMS	text	messages	then	expanding	to	Multimedia	Messaging	Service	(MMS).	With	General	Packet	Radio	Service
(GPRS),	2G	offers	a	theoretical	maximum	transfer	speed	of	40	kbit/s	(5	kB/s).[2]	With	EDGE	(Enhanced	Data	Rates	for	GSM	Evolution),	there	is	a	theoretical	maximum	transfer	speed	of	384	kbit/s	(48	kB/s).[2]	Evolution	Cellular	network	standards	and	generation	timeline.	2.5G	(GPRS)	See	also:	General	Packet	Radio	Service	2.5G	("second	and	a	half
generation"[3])	is	used	to	describe	2G-systems	that	have	implemented	a	packet-switched	domain	in	addition	to	the	circuit-switched	domain.	It	doesn't	necessarily	provide	faster	service	because	bundling	of	timeslots	is	used	for	circuit-switched	data	services	(HSCSD)	as	well.	2.75G	(EDGE)	See	also:	Enhanced	Data	Rates	for	GSM	Evolution	GPRS
networks	evolved	to	EDGE	networks	with	the	introduction	of	8PSK	encoding.	While	the	symbol	rate	remained	the	same	at	270.833	samples	per	second,	each	symbol	carried	three	bits	instead	of	one.	Enhanced	Data	rates	for	GSM	Evolution	(EDGE),	Enhanced	GPRS	(EGPRS),	or	IMT	Single	Carrier	(IMT-SC)	is	a	backward-compatible	digital	mobile
phone	technology	that	allows	improved	data	transmission	rates,	as	an	extension	on	top	of	standard	GSM.	EDGE	was	deployed	on	GSM	networks	beginning	in	2003,	initially	by	AT&T	in	the	United	States.	Phase-out	See	also:	GSM	§	Discontinuation	2G,	understood	as	GSM	and	CDMA,	has	been	superseded	by	newer	technologies	such	as	3G	(UMTS	/
CDMA2000),	4G	(LTE	/	WiMAX)	and	5G	(5G	NR);	however,	2G	networks	are	still	used	in	most	parts	of	Europe,	Africa,	Central	America	and	South	America,[4][5][6]	and	many	modern	LTE-enabled	devices	are	known	to	still	fallback	to	2G	for	phone	calls,	especially	in	rural	areas.[7]	In	some	places,	its	successor	3G	is	being	shut	down	rather	than	2G	–
Vodafone	previously	announced	that	it	had	switched	off	3G	across	Europe	in	2020	but	still	retains	2G	as	a	fallback	service.[8]	Meanwhile,	in	the	US,	T-Mobile	is	currently	shutting	down	their	3G	services	while	retaining	their	2G	GSM	network.[9][10]	Various	carriers	have	made	announcements	that	2G	technology	in	the	United	States,	Japan,	Australia,
and	other	countries	are	in	the	process	of	being	shut	down,	or	have	already	shut	down	2G	services	so	that	carriers	can	reclaim	those	radio	bands	and	re-purpose	them	for	newer	technologies	(e.g.	4G,	5G).[11][12]	In	2022,	Android	12	introduced	a	system	setting	to	disable	2G	connectivity	for	the	device,	supposedly	to	mitigate	security	concerns
associated	with	2G	networks.[13]	Criticism	In	some	parts	of	the	world,	including	the	United	Kingdom,	2G	remains	widely	used	for	feature	phones	and	for	internet	of	things	(IoT)	devices	where	the	high	patent	licensing	cost	of	newer	technologies	makes	them	prohibitive,	such	as	smart	meters,	eCall	systems	and	vehicle	tracking	devices.[14][8][15]
Terminating	2G	services	could	leave	vulnerable	people	who	rely	on	2G	infrastructure	without	means	to	access	emergency	contacts,	leading	to	preventable	deaths.[15]	Past	2G	networks	Country	Network	Shutdown	date	Standard	Notes		Australia	Optus	2017-08-01	GSM	2G	shut	down	in	WA	and	NT	on	3	April	2017.[16][17]	Telstra	2016-12-01	GSM	[18]
Vodafone	2018-06-30	GSM		Bahrain	Batelco	2021-11-30	GSM	[19]		Belgium	Orange	<	2030	GSM	[20]		Brunei	DSTCom	2021-06-01	GSM	[21][22]	Progresif	2021-06-01	GSM	[21][22]	imagine	2021-06-01	GSM	[21][22]		Canada	Bell	2019-04-30	cdmaOne	Shutdown	of	CDMA	transmitters	began	in	remote	areas	in	2017,	followed	by	an	official
announcementin	June	2018	that	2G	devices	will	lose	service	soon.[23][24]	Rogers	Wireless	2021-12-31	GSM	[25][26]	SaskTel	2017-07-31	cdmaOne	[27][28]	Telus	Mobility	2017-05-31	cdmaOne	[29][30]		Cayman	Islands	Digicel	2020-07-01	GSM	[31][32]		China	China	Unicom	2021-12-??	GSM	[33][34]	China	Telecom	since2020-06-16	cdmaOne
CDMA2000	1xRTT,	EV-DO	Rev.	A/B	(3G)	service	also	terminates.[35]		Colombia	Claro	2022-12-??	GSM	[36]		France	Orange	2025-12-31	GSM	[20]		Hong	Kong	3	2021-09-30	GSM	[37]	SmarTone	2022-10-14	GSM	[38]		Israel	<	2025	GSM	per	government	statement[39]		Jamaica	FLOW	H2	2022	GSM	Shutdown	commenced	in	Q2	2022.[40]		Japan	au
KDDI	2008-03-31	cdmaOne	NTT	Docomo	2012-03-31	PDC	[41]	Softbank	2010-03-31	PDC	[42]		Luxembourg	Orange	<	2030	GSM	[20]		Macau	China	Telecom	2010	cdmaOne	[43]	CTM	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]	3	2019-08-01	GSM	Service	for	local
customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]	SmarTone	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]		Mexico	AT&T	sinceQ1	2019	GSM	[45]	Movistar	2021-01-01	GSM	[46]		Netherlands	T-Mobile	2021-06-01	/2023-11-15	(IoT)	GSM
[47]		New	Zealand	2degrees	2018-03-15	GSM	[48]	Spark	2012-07-31	cdmaOne	[49][50]		Norway	Telenor	2025	GSM	[51]	Telia	2025	GSM	[51]		Poland	Orange	<	2030	GSM	[20]		Romania	Orange	<	2030	GSM	[20]		Singapore	M1	2017-04-18	GSM	[52]	Singtel	2017-04-18	GSM	[52]	StarHub	2017-04-18	GSM	[52]		Sint	Maarten	TelCell	2019-01-01	GSM
[53]	UTS	2017-09-26	GSM	[54]		Slovakia	Orange	<	2030	GSM	[20]		South	Africa	<	2024-06	GSM	per	government	statement[55][56]		South	Korea	KT	2012-03-19	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also	terminated.[57]	LG	Uplus	2021-06-30	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A/B	(3G)	service	has	also	terminated.[58]	SK
Telecom	2020-07-27	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also	terminated.[59]		Spain	Orange	<	2030	GSM	[20]			Switzerland	Salt	since2020-07-01	GSM	As	of	December	2020	network	coverage	almost	completely	vanished	with	remote	sites	remainingthat	do	not	emit	a	3G	signal	in	order	to	preserve	CSFB	functionality.[60][61]
[62]	Sunrise	2022-12-31	GSM	With	the	introduction	of	S-RAN	in	2018	phaseout	was	postponed	to	2022.[63][64][65]	Swisscom	2021-04-07	GSM	Official	shutdown	date	was	on	2020-12-31	(guaranteed	availability).[66][67][68]		Taiwan	Chunghwa	Telecom	2017-06-30	GSM	[69]	FarEasTone	2017-06-30	GSM	[69]	Taiwan	Mobile	2017-06-30	GSM	[69]
	United	Arab	Emirates	Du	2022-12-31	GSM	[70]	Etisalat	2022-12-31	GSM	[70]		United	Kingdom	<	2033	GSM	per	government	statement[71]		United	States	Puerto	Rico	US	Virgin	Islands	AT&T	2017-01-01	GSM	[72]	T-Mobile	2022-12-31	GSM	Shutdown	announced.	Tentative	date	of	2022-12-31.[73]	T-Mobile	(Sprint)	2022-05-31	cdmaOne	CDMA2000
1xRTT,	EV-DO	Rev.	A	(3G)	service	has	also	terminated.Shutdown	commenced	on	31	Mar	2022.[74][73][75][76]	Verizon	2022-12-31	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A	(3G)	service	will	also	terminate.[77]	See	also	Cliff	effect	Dropout	List	of	mobile	phone	generations	Mobile	radio	telephone,	also	known	as	0G	Wireless	device	radiation	and
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network	For	other	uses,	see	2G	(disambiguation).	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	2G	is	short	notation	for	second-generation	cellular	network,	a	group	of	technology	standards	employed	for	cellular	networks.
2G	was	comercially	launched	on	the	GSM	standard	in	Finland	by	Radiolinja	(now	part	of	Elisa	Oyj)	in	1991.[1]	After	2G	was	launched,	the	previous	mobile	wireless	network	systems	were	retroactively	dubbed	1G.	While	radio	signals	on	1G	networks	are	analog,	radio	signals	on	2G	networks	are	digital,	though	both	systems	use	digital	signaling	to
connect	cellular	radio	towers	to	the	rest	of	the	mobile	network	system.	The	most	common	2G	technology	was	the	time-division	multiple	access	(TDMA)-based	GSM	standard,	used	in	most	of	the	world	outside	Japan	and	North	America.[citation	needed]	In	North	America,	Digital	AMPS	(IS-54	and	IS-136)	and	cdmaOne	(IS-95)	were	the	main	systems.
[citation	needed]	In	Japan	the	ubiquitous	system	was	Personal	Digital	Cellular	(PDC)	though	another,	Personal	Handy-phone	System	(PHS),	also	existed.[citation	needed]	Three	primary	benefits	of	2G	networks	over	their	1G	predecessors	were:	Digitally	encrypted	phone	conversations,	at	least	between	the	mobile	phone	and	the	cellular	base	station	but
not	necessarily	in	the	rest	of	the	network.	Significantly	more	efficient	use	of	the	radio	frequency	spectrum	enabling	more	users	per	frequency	band.	Data	services	for	mobile,	starting	with	SMS	text	messages	then	expanding	to	Multimedia	Messaging	Service	(MMS).	With	General	Packet	Radio	Service	(GPRS),	2G	offers	a	theoretical	maximum	transfer
speed	of	40	kbit/s	(5	kB/s).[2]	With	EDGE	(Enhanced	Data	Rates	for	GSM	Evolution),	there	is	a	theoretical	maximum	transfer	speed	of	384	kbit/s	(48	kB/s).[2]	Evolution	Cellular	network	standards	and	generation	timeline.	2.5G	(GPRS)	See	also:	General	Packet	Radio	Service	2.5G	("second	and	a	half	generation"[3])	is	used	to	describe	2G-systems	that
have	implemented	a	packet-switched	domain	in	addition	to	the	circuit-switched	domain.	It	doesn't	necessarily	provide	faster	service	because	bundling	of	timeslots	is	used	for	circuit-switched	data	services	(HSCSD)	as	well.	2.75G	(EDGE)	See	also:	Enhanced	Data	Rates	for	GSM	Evolution	GPRS	networks	evolved	to	EDGE	networks	with	the	introduction
of	8PSK	encoding.	While	the	symbol	rate	remained	the	same	at	270.833	samples	per	second,	each	symbol	carried	three	bits	instead	of	one.	Enhanced	Data	rates	for	GSM	Evolution	(EDGE),	Enhanced	GPRS	(EGPRS),	or	IMT	Single	Carrier	(IMT-SC)	is	a	backward-compatible	digital	mobile	phone	technology	that	allows	improved	data	transmission	rates,
as	an	extension	on	top	of	standard	GSM.	EDGE	was	deployed	on	GSM	networks	beginning	in	2003,	initially	by	AT&T	in	the	United	States.	Phase-out	See	also:	GSM	§	Discontinuation	2G,	understood	as	GSM	and	CDMA,	has	been	superseded	by	newer	technologies	such	as	3G	(UMTS	/	CDMA2000),	4G	(LTE	/	WiMAX)	and	5G	(5G	NR);	however,	2G
networks	are	still	used	in	most	parts	of	Europe,	Africa,	Central	America	and	South	America,[4][5][6]	and	many	modern	LTE-enabled	devices	are	known	to	still	fallback	to	2G	for	phone	calls,	especially	in	rural	areas.[7]	In	some	places,	its	successor	3G	is	being	shut	down	rather	than	2G	–	Vodafone	previously	announced	that	it	had	switched	off	3G
across	Europe	in	2020	but	still	retains	2G	as	a	fallback	service.[8]	Meanwhile,	in	the	US,	T-Mobile	is	currently	shutting	down	their	3G	services	while	retaining	their	2G	GSM	network.[9][10]	Various	carriers	have	made	announcements	that	2G	technology	in	the	United	States,	Japan,	Australia,	and	other	countries	are	in	the	process	of	being	shut	down,
or	have	already	shut	down	2G	services	so	that	carriers	can	reclaim	those	radio	bands	and	re-purpose	them	for	newer	technologies	(e.g.	4G,	5G).[11][12]	In	2022,	Android	12	introduced	a	system	setting	to	disable	2G	connectivity	for	the	device,	supposedly	to	mitigate	security	concerns	associated	with	2G	networks.[13]	Criticism	In	some	parts	of	the
world,	including	the	United	Kingdom,	2G	remains	widely	used	for	feature	phones	and	for	internet	of	things	(IoT)	devices	where	the	high	patent	licensing	cost	of	newer	technologies	makes	them	prohibitive,	such	as	smart	meters,	eCall	systems	and	vehicle	tracking	devices.[14][8][15]	Terminating	2G	services	could	leave	vulnerable	people	who	rely	on
2G	infrastructure	without	means	to	access	emergency	contacts,	leading	to	preventable	deaths.[15]	Past	2G	networks	Country	Network	Shutdown	date	Standard	Notes		Australia	Optus	2017-08-01	GSM	2G	shut	down	in	WA	and	NT	on	3	April	2017.[16][17]	Telstra	2016-12-01	GSM	[18]	Vodafone	2018-06-30	GSM		Bahrain	Batelco	2021-11-30	GSM	[19]
	Belgium	Orange	<	2030	GSM	[20]		Brunei	DSTCom	2021-06-01	GSM	[21][22]	Progresif	2021-06-01	GSM	[21][22]	imagine	2021-06-01	GSM	[21][22]		Canada	Bell	2019-04-30	cdmaOne	Shutdown	of	CDMA	transmitters	began	in	remote	areas	in	2017,	followed	by	an	official	announcementin	June	2018	that	2G	devices	will	lose	service	soon.[23][24]
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PDC	[42]		Luxembourg	Orange	<	2030	GSM	[20]		Macau	China	Telecom	2010	cdmaOne	[43]	CTM	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]	3	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]
SmarTone	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]		Mexico	AT&T	sinceQ1	2019	GSM	[45]	Movistar	2021-01-01	GSM	[46]		Netherlands	T-Mobile	2021-06-01	/2023-11-15	(IoT)	GSM	[47]		New	Zealand	2degrees	2018-03-15	GSM	[48]	Spark	2012-07-31	cdmaOne	[49][50]
	Norway	Telenor	2025	GSM	[51]	Telia	2025	GSM	[51]		Poland	Orange	<	2030	GSM	[20]		Romania	Orange	<	2030	GSM	[20]		Singapore	M1	2017-04-18	GSM	[52]	Singtel	2017-04-18	GSM	[52]	StarHub	2017-04-18	GSM	[52]		Sint	Maarten	TelCell	2019-01-01	GSM	[53]	UTS	2017-09-26	GSM	[54]		Slovakia	Orange	<	2030	GSM	[20]		South	Africa	<	2024-
06	GSM	per	government	statement[55][56]		South	Korea	KT	2012-03-19	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also	terminated.[57]	LG	Uplus	2021-06-30	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A/B	(3G)	service	has	also	terminated.[58]	SK	Telecom	2020-07-27	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also
terminated.[59]		Spain	Orange	<	2030	GSM	[20]			Switzerland	Salt	since2020-07-01	GSM	As	of	December	2020	network	coverage	almost	completely	vanished	with	remote	sites	remainingthat	do	not	emit	a	3G	signal	in	order	to	preserve	CSFB	functionality.[60][61][62]	Sunrise	2022-12-31	GSM	With	the	introduction	of	S-RAN	in	2018	phaseout	was
postponed	to	2022.[63][64][65]	Swisscom	2021-04-07	GSM	Official	shutdown	date	was	on	2020-12-31	(guaranteed	availability).[66][67][68]		Taiwan	Chunghwa	Telecom	2017-06-30	GSM	[69]	FarEasTone	2017-06-30	GSM	[69]	Taiwan	Mobile	2017-06-30	GSM	[69]		United	Arab	Emirates	Du	2022-12-31	GSM	[70]	Etisalat	2022-12-31	GSM	[70]		United
Kingdom	<	2033	GSM	per	government	statement[71]		United	States	Puerto	Rico	US	Virgin	Islands	AT&T	2017-01-01	GSM	[72]	T-Mobile	2022-12-31	GSM	Shutdown	announced.	Tentative	date	of	2022-12-31.[73]	T-Mobile	(Sprint)	2022-05-31	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A	(3G)	service	has	also	terminated.Shutdown	commenced	on	31	Mar
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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	and	account	for	25%	of	the	worldwide	mobile	technology	market	by	2025,	according	to	the	GSM
Association	and	Statista.[1][2]	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	higher	download
speeds,	eventually	up	to	10	gigabits	per	second	(Gbit/s).[3]	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.[4]	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	5G	networks,	as	they	are	not	backwards	compatible	with	4G.
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	nodes,	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.	5G	is	expected	to	support	up	to	a	million	devices	per	square	kilometer.	The	industry	consortium
setting	standards	for	5G,	the	3rd	Generation	Partnership	Project	(3GPP),	defines	"5G"	as	any	system	using	5G	NR	(5G	New	Radio)	software	-	a	definition	that	came	into	general	use	by	late	2018.	Several	network	operators	use	millimeter	waves	called	FR2	in	5G	terminology,	for	additional	capacity	and	higher	throughputs.	Millimeter	waves	have	a
shorter	range	than	the	lower	frequency	microwaves,	therefore	the	cells	are	of	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	data	rate	is	achieved	partly	by
using	additional	higher-frequency	radio	waves	in	addition	to	the	low-	and	medium-band	frequencies	used	in	previous	cellular	networks.	For	providing	a	wide	range	of	services,	5G	networks	can	operate	in	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).[5]	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.[6]	They	can	be	impeded	or	blocked	by	materials	in	walls	or	windows.[7]	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.[5]	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]	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).[8]	Only	eMBB	is	deployed	in	2020;	URLLC	and	mMTC	are	several	years	away	in	most	locations.[9]	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.[10]	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.[11]	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.[11]	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.[12]	However,	most	autonomous	vehicles	also	feature	teleoperations	for	mission	accomplishment,	and	these	greatly	benefit	from	5G	technology.[13][14]	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	around	50	Mbps	to	1,000	Mbps	(1	Gbps)	depending	on	the	RF	channel	and	BS	load.	The	fastest	5G	speeds	would	be	in	the
mmWave	bands	and	can	reach	4	Gbit/s	with	carrier	aggregation	and	MIMO	(assuming	a	perfect	channel	and	no	other	BS	load).	Sub-6	GHz	5G	(mid-band),	by	far	the	most	common,	can	deliver	between	10	and	1,000	Mbps;	it	will	have	a	much	further	reach	than	mmWave	bands.	In	the	sub-6	bands,	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.[15][16]	Low	bands	(such	as	n5)	offer	a	greater	range,	thereby	a	greater	coverage	area	for	a	given	site,	but	their	speeds	are	lower	than	the	mid	and	high	bands.
Latency	In	5G,	the	ideal	"air	latency"	is	of	the	order	of	8–12	milliseconds	i.e.,	excluding	delays	due	to	HARQ	retransmissions,	handovers,	etc.	Retransmission	latency	and	backhaul	latency	to	the	server	must	be	added	to	the	"air	latency"	for	correct	comparisons.	Verizon	reported	the	latency	on	its	5G	early	deployment	is	30	ms.	Edge	Servers	close	to	the
towers	can	probably	reduce	latency	to	10	-	15	ms.	Latency	is	much	higher	during	handovers;	ranging	from	50	to	500	milliseconds	depending	on	the	type	of	handover.	Reducing	handover	interruption	time	is	an	ongoing	area	of	research	and	development.	Error	rate	5G	uses	adaptive	modulation	and	coding	scheme	(MCS)	to	keep	the	bit	error	rate
(BLER)	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:	transmit	power,	frequency,	and	interference.	For	example,	mmWave	(e.g.:	n256
band)	will	have	a	lower	range	than	mid-band	(e.g.:	n78	band)	which	will	have	a	lower	range	than	low-band	(e.g.:	n5	band)	Given	the	marketing	hype	on	what	5G	can	offer,	simulators	and	drive	tests	are	used	by	cellular	service	providers	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.[17]	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.[18][19]	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.[20][21][22]	The	standard
documents	for	5G	are	organized	by	3GPP.[23][24]	The	5G	system	architecture	is	defined	in	TS	23.501.[25]	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.[26]	Specifications	of	key	data	structures
are	found	in	TS	23.003.[27]	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.[28]	It	is	supposed	to	be	the	global	standard	for	the	air	interface	of	3GPP	5G	networks.[29]	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.[30][needs	update?]	5G-SIG:	Pre-standard	specification	of	5G	developed	by	KT	Corporation.	Deployed	at	Pyeongchang	2018	Winter	Olympics.[31]	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.[32]	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)[33]	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.[34]	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.[35]	The	equivalent	numbers	in	November	2018	were	192	operators	in	81	countries.[36]	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.[37]	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.[38]	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.[39][40]	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.[41]	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.[42]	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.[43]	260,000	signed	up	in	the	first	month	and	4.7	million	by	the	end	of	2019.[44]	T-Mobile	US	was	the	1st	company	in	the	world	to	launch	a	commercially	available	5G	NR	Standalone
network.[45]	Nine	companies	sell	5G	radio	hardware	and	5G	systems	for	carriers:	Altiostar,	Cisco	Systems,	Datang	Telecom/Fiberhome,	Ericsson,	Huawei,	Nokia,	Qualcomm,	Samsung,	and	ZTE.[46][47][48][49][50][51][52]	Spectrum	Large	quantities	of	new	radio	spectrum	(5G	NR	frequency	bands)	have	been	allocated	to	5G.[53]	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.[54]
In	March	2018,	European	Union	lawmakers	agreed	to	open	up	the	3.6	and	26	GHz	bands	by	2020.[55]	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.[56]	5G	devices	In	March	2019,	the	Global	Mobile	Suppliers	Association	released	the	industry's	first	database	tracking	worldwide	5G	device	launches.[57]	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)).[58]	By	October	2019,	the	number	of	announced	5G	devices	had	risen	to	129,	across	15	form	factors,	from	56	vendors.[59]	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.[60]	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.[61]	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.[62]	Many	phone	manufacturers	support	5G.	Apple	iPhone	12	and	later	versions	support	5G.
[63][64]	Google	Pixel	phones	support	it,	since	version	5a.[65]	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.[66]	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,	data	traffic	congestion[67][68]	and	can	improve	service	availability.[69]	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.[70][71][72][73]	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.[74]	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.[75]	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.[76]	In	this	context,	network
slicing	has	emerged	as	a	key	technology	to	efficiently	embrace	this	new	market	model.[77]	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.[78][79]	Operation	in	unlicensed	spectrum	In	December
2018,	3GPP	began	working	on	unlicensed	spectrum	specifications	known	as	5G	NR-U,	targeting	3GPP	Release	16.[80]	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.[81][82][83]	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.)[84]	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".[85][86]	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,[87]	Arbor
Networks,[88]	A10	Networks,[89]	and	Voxility[90]	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.[91]	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.[86]	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)[92]	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.[93]	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.[94]	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.[95][96]	Interference	to	satellite	operations	impairs	numerical	weather	prediction	performance	with	substantially	deleterious	economic	and	public	safety
impacts	in	areas	such	as	commercial	aviation.[97][98]	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.[99]	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.[100]	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.[101]	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.[102]	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".[103]	A	representative	of	the	American	Meteorological	Society	(AMS)	also	warned	of
interference,[104]	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).[105]	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.[106]	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[107]	which	lack	protection	from	neighboring	bands.[108]	This	is	not	as	much	of	an	issue	in	Europe,	where	5G	uses	lower	frequencies	between	3.4	and	3.8	GHz.[109]	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.[110]	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.[111]	After	coming	to	an	agreement	with	government	officials	the	day	before,[112]	Verizon	and	AT&T	activated	their	5G	networks	on	January	19,	2022,	except	for	certain	towers	near	50	airports.[113]	AT&T	scaled	back	its	deployment	even	further	than	its	agreement	with	the	FAA	required.[114]	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.[115]	Airlines	complained	about	the	avoidable	impact	on	their	operations,	and
commentators	said	the	affair	called	into	question	the	competence	of	the	FAA.[116]	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.[117]	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.[118]	This	interference	can	be	mitigated	with	low-noise	block	downconverters	and	waveguide	filters.[118]	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.[119]	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,[120]	ability	for	5G's	mmWave	signal	to	provide	significant	coverage,[121][122]	overstating	what	5G	can	achieve	or	misattributing	continuous	technological	improvement	to	"5G",[123]	lack	of	new	use	case	for	carriers	to
profit	from,[124]	wrong	focus	on	emphasizing	direct	benefits	on	individual	consumers	instead	of	for	internet	of	things	devices	or	solving	the	Last	mile	problem,[125]	and	overshadowing	the	possibility	that	in	some	aspects	there	might	be	other	more	appropriate	technologies.[126]	Such	sort	of	concerns	have	also	lead	to	consumers	not	trusting
information	provided	by	cellular	providers	on	the	topic.[127]	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-ionizing	radiation	poses	dangers	to	human	health.[128]	Unlike	ionizing	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."[129]	Some	advocates	of	fringe	health	claim	the	regulatory	standards	are	too	low	and	influenced	by	lobbying	groups.[128]	An	anti-5G	sticker	in	Luxembourg.	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.[128][130]	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.[131]
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.[132]	In	April	2019,	the	city	of	Brussels	in	Belgium	blocked	a	5G	trial	because	of	radiation	rules.[133]	In	Geneva,	Switzerland,	a	planned	upgrade	to	5G	was	stopped	for	the	same	reason.[134]	The	Swiss	Telecommunications	Association	(ASUT)	has	said	that	studies	have	been
unable	to	show	that	5G	frequencies	have	any	health	impact.[135]	According	to	CNET,[136]	"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."[136][137][138][139][140]	Similar	concerns	were	raised	in	Vermont[141]	and	New	Hampshire.[136]	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."[142]	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.[143][144][145]	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	COVID-19	and	5G.[146]	This	has	led	to	dozens	of	arson	attacks	being	made	on	telecom	masts	in	the	Netherlands	(Amsterdam,	Rotterdam,	etc.),	Ireland	(Cork,[147]	etc.),	Cyprus,	the	United	Kingdom	(Dagenham,	Huddersfield,	Birmingham,	Belfast	and	Liverpool[148][149]),	Belgium	(Pelt),	Italy	(Maddaloni),	Croatia
(Bibinje[150])	and	Sweden.[151]	It	led	to	at	least	61	suspected	arson	attacks	against	telephone	masts	in	the	United	Kingdom	alone[152]	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:[128]	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".[153]	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.[154]	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.[155]	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.[156]	In	August	2012,	New	York	University	founded	NYU	Wireless,	a	multi-disciplinary	academic	research	centre	that	has	conducted	pioneering	work	in	5G	wireless	communications.
[157]	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.[158][159][160][161]	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.[162]	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".[163]	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.[164]	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.[165][166]	In	July	2013,	India	and	Israel	agreed	to	work	jointly	on	development	of	fifth	generation	(5G)	telecom	technologies.[167]	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.[168]	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.[169]	On	April	3,	2019,	South	Korea	became	the	first	country	to	adopt	5G.[170]	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.[171]	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.[172]	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.[173]	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.[174][175]	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.[176]	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[177]	in	building	it	due	to	the
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take	up	1G	networks,	while	Eastern	European	were	among	the	last	due	to	the	political	situation.[7]	In	Europe,	the	United	Kingdom	had	the	largest	number	of	cellular	subscribers	as	of	1990	numbering	1.1	million,	while	the	second	largest	market	was	Sweden	with	482	thousand.[7]	Although	Japan	was	the	first	country	with	a	nationwide	cellular
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most	other	European	countries	it	was	below	10	percent.[8]	1G	standards	Analogue	cellular	technologies	that	were	used	were:[6]	Advanced	Mobile	Phone	System	(AMPS)[9]	Nordic	Mobile	Telephone	(NMT)	Total	Access	Communications	System	(TACS)	developed	in	the	United	Kingdom	and	also	some	other	parts	of	the	world	C-450	developed	in	West
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outside	Japan	and	North	America.[citation	needed]	In	North	America,	Digital	AMPS	(IS-54	and	IS-136)	and	cdmaOne	(IS-95)	were	the	main	systems.[citation	needed]	In	Japan	the	ubiquitous	system	was	Personal	Digital	Cellular	(PDC)	though	another,	Personal	Handy-phone	System	(PHS),	also	existed.[citation	needed]	Three	primary	benefits	of	2G
networks	over	their	1G	predecessors	were:	Digitally	encrypted	phone	conversations,	at	least	between	the	mobile	phone	and	the	cellular	base	station	but	not	necessarily	in	the	rest	of	the	network.	Significantly	more	efficient	use	of	the	radio	frequency	spectrum	enabling	more	users	per	frequency	band.	Data	services	for	mobile,	starting	with	SMS	text
messages	then	expanding	to	Multimedia	Messaging	Service	(MMS).	With	General	Packet	Radio	Service	(GPRS),	2G	offers	a	theoretical	maximum	transfer	speed	of	40	kbit/s	(5	kB/s).[2]	With	EDGE	(Enhanced	Data	Rates	for	GSM	Evolution),	there	is	a	theoretical	maximum	transfer	speed	of	384	kbit/s	(48	kB/s).[2]	Evolution	Cellular	network	standards
and	generation	timeline.	2.5G	(GPRS)	See	also:	General	Packet	Radio	Service	2.5G	("second	and	a	half	generation"[3])	is	used	to	describe	2G-systems	that	have	implemented	a	packet-switched	domain	in	addition	to	the	circuit-switched	domain.	It	doesn't	necessarily	provide	faster	service	because	bundling	of	timeslots	is	used	for	circuit-switched	data
services	(HSCSD)	as	well.	2.75G	(EDGE)	See	also:	Enhanced	Data	Rates	for	GSM	Evolution	GPRS	networks	evolved	to	EDGE	networks	with	the	introduction	of	8PSK	encoding.	While	the	symbol	rate	remained	the	same	at	270.833	samples	per	second,	each	symbol	carried	three	bits	instead	of	one.	Enhanced	Data	rates	for	GSM	Evolution	(EDGE),
Enhanced	GPRS	(EGPRS),	or	IMT	Single	Carrier	(IMT-SC)	is	a	backward-compatible	digital	mobile	phone	technology	that	allows	improved	data	transmission	rates,	as	an	extension	on	top	of	standard	GSM.	EDGE	was	deployed	on	GSM	networks	beginning	in	2003,	initially	by	AT&T	in	the	United	States.	Phase-out	See	also:	GSM	§	Discontinuation	2G,
understood	as	GSM	and	CDMA,	has	been	superseded	by	newer	technologies	such	as	3G	(UMTS	/	CDMA2000),	4G	(LTE	/	WiMAX)	and	5G	(5G	NR);	however,	2G	networks	are	still	used	in	most	parts	of	Europe,	Africa,	Central	America	and	South	America,[4][5][6]	and	many	modern	LTE-enabled	devices	are	known	to	still	fallback	to	2G	for	phone	calls,
especially	in	rural	areas.[7]	In	some	places,	its	successor	3G	is	being	shut	down	rather	than	2G	–	Vodafone	previously	announced	that	it	had	switched	off	3G	across	Europe	in	2020	but	still	retains	2G	as	a	fallback	service.[8]	Meanwhile,	in	the	US,	T-Mobile	is	currently	shutting	down	their	3G	services	while	retaining	their	2G	GSM	network.[9][10]
Various	carriers	have	made	announcements	that	2G	technology	in	the	United	States,	Japan,	Australia,	and	other	countries	are	in	the	process	of	being	shut	down,	or	have	already	shut	down	2G	services	so	that	carriers	can	reclaim	those	radio	bands	and	re-purpose	them	for	newer	technologies	(e.g.	4G,	5G).[11][12]	In	2022,	Android	12	introduced	a
system	setting	to	disable	2G	connectivity	for	the	device,	supposedly	to	mitigate	security	concerns	associated	with	2G	networks.[13]	Criticism	In	some	parts	of	the	world,	including	the	United	Kingdom,	2G	remains	widely	used	for	feature	phones	and	for	internet	of	things	(IoT)	devices	where	the	high	patent	licensing	cost	of	newer	technologies	makes
them	prohibitive,	such	as	smart	meters,	eCall	systems	and	vehicle	tracking	devices.[14][8][15]	Terminating	2G	services	could	leave	vulnerable	people	who	rely	on	2G	infrastructure	without	means	to	access	emergency	contacts,	leading	to	preventable	deaths.[15]	Past	2G	networks	Country	Network	Shutdown	date	Standard	Notes		Australia	Optus
2017-08-01	GSM	2G	shut	down	in	WA	and	NT	on	3	April	2017.[16][17]	Telstra	2016-12-01	GSM	[18]	Vodafone	2018-06-30	GSM		Bahrain	Batelco	2021-11-30	GSM	[19]		Belgium	Orange	<	2030	GSM	[20]		Brunei	DSTCom	2021-06-01	GSM	[21][22]	Progresif	2021-06-01	GSM	[21][22]	imagine	2021-06-01	GSM	[21][22]		Canada	Bell	2019-04-30	cdmaOne
Shutdown	of	CDMA	transmitters	began	in	remote	areas	in	2017,	followed	by	an	official	announcementin	June	2018	that	2G	devices	will	lose	service	soon.[23][24]	Rogers	Wireless	2021-12-31	GSM	[25][26]	SaskTel	2017-07-31	cdmaOne	[27][28]	Telus	Mobility	2017-05-31	cdmaOne	[29][30]		Cayman	Islands	Digicel	2020-07-01	GSM	[31][32]		China
China	Unicom	2021-12-??	GSM	[33][34]	China	Telecom	since2020-06-16	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A/B	(3G)	service	also	terminates.[35]		Colombia	Claro	2022-12-??	GSM	[36]		France	Orange	2025-12-31	GSM	[20]		Hong	Kong	3	2021-09-30	GSM	[37]	SmarTone	2022-10-14	GSM	[38]		Israel	<	2025	GSM	per	government	statement[39]
	Jamaica	FLOW	H2	2022	GSM	Shutdown	commenced	in	Q2	2022.[40]		Japan	au	KDDI	2008-03-31	cdmaOne	NTT	Docomo	2012-03-31	PDC	[41]	Softbank	2010-03-31	PDC	[42]		Luxembourg	Orange	<	2030	GSM	[20]		Macau	China	Telecom	2010	cdmaOne	[43]	CTM	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service
remaining	for	roaming	users.[44][43]	3	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]	SmarTone	2019-08-01	GSM	Service	for	local	customers	terminated	on	4	June	2015	with	service	remaining	for	roaming	users.[44][43]		Mexico	AT&T	sinceQ1	2019	GSM	[45]	Movistar	2021-
01-01	GSM	[46]		Netherlands	T-Mobile	2021-06-01	/2023-11-15	(IoT)	GSM	[47]		New	Zealand	2degrees	2018-03-15	GSM	[48]	Spark	2012-07-31	cdmaOne	[49][50]		Norway	Telenor	2025	GSM	[51]	Telia	2025	GSM	[51]		Poland	Orange	<	2030	GSM	[20]		Romania	Orange	<	2030	GSM	[20]		Singapore	M1	2017-04-18	GSM	[52]	Singtel	2017-04-18	GSM
[52]	StarHub	2017-04-18	GSM	[52]		Sint	Maarten	TelCell	2019-01-01	GSM	[53]	UTS	2017-09-26	GSM	[54]		Slovakia	Orange	<	2030	GSM	[20]		South	Africa	<	2024-06	GSM	per	government	statement[55][56]		South	Korea	KT	2012-03-19	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also	terminated.[57]	LG	Uplus	2021-06-30	cdmaOne
CDMA2000	1xRTT,	EV-DO	Rev.	A/B	(3G)	service	has	also	terminated.[58]	SK	Telecom	2020-07-27	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rel.	0	(3G)	service	has	also	terminated.[59]		Spain	Orange	<	2030	GSM	[20]			Switzerland	Salt	since2020-07-01	GSM	As	of	December	2020	network	coverage	almost	completely	vanished	with	remote	sites
remainingthat	do	not	emit	a	3G	signal	in	order	to	preserve	CSFB	functionality.[60][61][62]	Sunrise	2022-12-31	GSM	With	the	introduction	of	S-RAN	in	2018	phaseout	was	postponed	to	2022.[63][64][65]	Swisscom	2021-04-07	GSM	Official	shutdown	date	was	on	2020-12-31	(guaranteed	availability).[66][67][68]		Taiwan	Chunghwa	Telecom	2017-06-30
GSM	[69]	FarEasTone	2017-06-30	GSM	[69]	Taiwan	Mobile	2017-06-30	GSM	[69]		United	Arab	Emirates	Du	2022-12-31	GSM	[70]	Etisalat	2022-12-31	GSM	[70]		United	Kingdom	<	2033	GSM	per	government	statement[71]		United	States	Puerto	Rico	US	Virgin	Islands	AT&T	2017-01-01	GSM	[72]	T-Mobile	2022-12-31	GSM	Shutdown	announced.
Tentative	date	of	2022-12-31.[73]	T-Mobile	(Sprint)	2022-05-31	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A	(3G)	service	has	also	terminated.Shutdown	commenced	on	31	Mar	2022.[74][73][75][76]	Verizon	2022-12-31	cdmaOne	CDMA2000	1xRTT,	EV-DO	Rev.	A	(3G)	service	will	also	terminate.[77]	See	also	Cliff	effect	Dropout	List	of	mobile	phone
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3.9G/3.95G	4G	4G/4.5G	4.5G/4.9G	5G	6G	vte	4G[1]	is	the	fourth	generation	of	broadband	cellular	network	technology,	succeeding	3G,	and	preceding	5G.	A	4G	system	must	provide	capabilities	defined	by	ITU	in	IMT	Advanced.	Potential	and	current	applications	include	amended	mobile	web	access,	IP	telephony,	gaming	services,	high-definition	mobile
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has	since	been	deployed	in	most	parts	of	the	world.	The	first-release	LTE	standard	was	commercially	deployed	in	Oslo,	Norway,	and	Stockholm,	Sweden	in	2009,	and	has	since	been	deployed	throughout	most	parts	of	the	world.	It	has,	however,	been	debated	whether	the	first-release	versions	should	be	considered	4G.	The	4G	wireless	cellular	standard
was	defined	by	the	International	Telecommunication	Union	(ITU)	and	specifies	the	key	characteristics	of	the	standard,	including	transmission	technology	and	data	speeds.	Each	generation	of	wireless	cellular	technology	has	introduced	increased	bandwidth	speeds	and	network	capacity.	4G	users	get	speeds	of	up	to	100	Mbit/s,	while	3G	only	promised
a	peak	speed	of	14	Mbit/s.	As	of	2021	4G	technology	occupies	58%	of	the	worldwide	mobile	telecommunication	technologies	market.[3]	Technical	overview	In	November	2008,	the	International	Telecommunication	Union-Radio	communications	sector	(ITU-R)	specified	a	set	of	requirements	for	4G	standards,	named	the	International	Mobile
Telecommunications	Advanced	(IMT-Advanced)	specification,	setting	peak	speed	requirements	for	4G	service	at	100	megabits	per	second	(Mbit/s)(=12.5	megabytes	per	second)	for	high	mobility	communication	(such	as	from	trains	and	cars)	and	1	gigabit	per	second	(Gbit/s)	for	low	mobility	communication	(such	as	pedestrians	and	stationary	users).[4]
Since	the	first-release	versions	of	Mobile	WiMAX	and	LTE	support	much	less	than	1	Gbit/s	peak	bit	rate,	they	are	not	fully	IMT-Advanced	compliant,	but	are	often	branded	4G	by	service	providers.	According	to	operators,	a	generation	of	the	network	refers	to	the	deployment	of	a	new	non-backward-compatible	technology.	On	December	6,	2010,	ITU-R
recognized	that	these	two	technologies,	as	well	as	other	beyond-3G	technologies	that	do	not	fulfill	the	IMT-Advanced	requirements,	could	nevertheless	be	considered	"4G",	provided	they	represent	forerunners	to	IMT-Advanced	compliant	versions	and	"a	substantial	level	of	improvement	in	performance	and	capabilities	with	respect	to	the	initial	third
generation	systems	now	deployed".[5]	Mobile	WiMAX	Release	2	(also	known	as	WirelessMAN-Advanced	or	IEEE	802.16m)	and	LTE	Advanced	(LTE-A)	are	IMT-Advanced	compliant	backwards	compatible	versions	of	the	above	two	systems,	standardized	during	the	spring	2011,[citation	needed]	and	promising	speeds	in	the	order	of	1	Gbit/s.	Services
were	expected	in	2013.[needs	update]	As	opposed	to	earlier	generations,	a	4G	system	does	not	support	traditional	circuit-switched	telephony	service,	but	instead	relies	on	all-Internet	Protocol	(IP)	based	communication	such	as	IP	telephony.	As	seen	below,	the	spread	spectrum	radio	technology	used	in	3G	systems	is	abandoned	in	all	4G	candidate
systems	and	replaced	by	OFDMA	multi-carrier	transmission	and	other	frequency-domain	equalization	(FDE)	schemes,	making	it	possible	to	transfer	very	high	bit	rates	despite	extensive	multi-path	radio	propagation	(echoes).	The	peak	bit	rate	is	further	improved	by	smart	antenna	arrays	for	multiple-input	multiple-output	(MIMO)	communications.
Background	In	the	field	of	mobile	communications,	a	"generation"	generally	refers	to	a	change	in	the	fundamental	nature	of	the	service,	non-backwards-compatible	transmission	technology,	higher	peak	bit	rates,	new	frequency	bands,	wider	channel	frequency	bandwidth	in	Hertz,	and	higher	capacity	for	many	simultaneous	data	transfers	(higher
system	spectral	efficiency	in	bit/second/Hertz/site).	New	mobile	generations	have	appeared	about	every	ten	years	since	the	first	move	from	1981	analog	(1G)	to	digital	(2G)	transmission	in	1992.	This	was	followed,	in	2001,	by	3G	multi-media	support,	spread	spectrum	transmission	and	a	minimum	peak	bit	rate	of	200	kbit/s,	in	2011/2012	to	be	followed
by	"real"	4G,	which	refers	to	all-Internet	Protocol	(IP)	packet-switched	networks	giving	mobile	ultra-broadband	(gigabit	speed)	access.	While	the	ITU	has	adopted	recommendations	for	technologies	that	would	be	used	for	future	global	communications,	they	do	not	actually	perform	the	standardization	or	development	work	themselves,	instead	relying
on	the	work	of	other	standard	bodies	such	as	IEEE,	WiMAX	Forum,	and	3GPP.	In	the	mid-1990s,	the	ITU-R	standardization	organization	released	the	IMT-2000	requirements	as	a	framework	for	what	standards	should	be	considered	3G	systems,	requiring	2000	kbit/s	peak	bit	rate.[6]	In	2008,	ITU-R	specified	the	IMT	Advanced	(International	Mobile
Telecommunications	Advanced)	requirements	for	4G	systems.	The	fastest	3G-based	standard	in	the	UMTS	family	is	the	HSPA+	standard,	which	has	been	commercially	available	since	2009	and	offers	21	Mbit/s	downstream	(11	Mbit/s	upstream)	without	MIMO,	i.e.	with	only	one	antenna,	and	in	2011	accelerated	up	to	42	Mbit/s	peak	bit	rate
downstream	using	either	DC-HSPA+	(simultaneous	use	of	two	5	MHz	UMTS	carriers)[7]	or	2x2	MIMO.	In	theory	speeds	up	to	672	Mbit/s	are	possible,	but	have	not	been	deployed	yet.	The	fastest	3G-based	standard	in	the	CDMA2000	family	is	the	EV-DO	Rev.	B,	which	is	available	since	2010	and	offers	15.67	Mbit/s	downstream.	Frequencies	for	4G	LTE
networks	See	here:	LTE	frequency	bands	IMT-Advanced	requirements	This	article	refers	to	4G	using	IMT-Advanced	(International	Mobile	Telecommunications	Advanced),	as	defined	by	ITU-R.	An	IMT-Advanced	cellular	system	must	fulfill	the	following	requirements:[8]	Be	based	on	an	all-IP	packet	switched	network.	Have	peak	data	rates	of	up	to
approximately	100	Mbit/s	for	high	mobility	such	as	mobile	access	and	up	to	approximately	1	Gbit/s	for	low	mobility	such	as	nomadic/local	wireless	access.[4]	Be	able	to	dynamically	share	and	use	the	network	resources	to	support	more	simultaneous	users	per	cell.	Use	scalable	channel	bandwidths	of	5–20	MHz,	optionally	up	to	40	MHz.[4][9]	Have
peak	link	spectral	efficiency	of	15	bit/s·Hz	in	the	downlink,	and	6.75	bit/s·Hz	in	the	up	link	(meaning	that	1	Gbit/s	in	the	downlink	should	be	possible	over	less	than	67	MHz	bandwidth).	System	spectral	efficiency	is,	in	indoor	cases,	3	bit/s·Hz·cell	for	downlink	and	2.25	bit/s·Hz·cell	for	up	link.[4]	Smooth	handovers	across	heterogeneous	networks.	In
September	2009,	the	technology	proposals	were	submitted	to	the	International	Telecommunication	Union	(ITU)	as	4G	candidates.[10]	Basically	all	proposals	are	based	on	two	technologies:	LTE	Advanced	standardized	by	the	3GPP	802.16m	standardized	by	the	IEEE	Implementations	of	Mobile	WiMAX	and	first-release	LTE	were	largely	considered	a
stopgap	solution	that	would	offer	a	considerable	boost	until	WiMAX	2	(based	on	the	802.16m	specification)	and	LTE	Advanced	was	deployed.	The	latter's	standard	versions	were	ratified	in	spring	2011.	The	first	set	of	3GPP	requirements	on	LTE	Advanced	was	approved	in	June	2008.[11]	LTE	Advanced	was	standardized	in	2010	as	part	of	Release	10	of
the	3GPP	specification.	Some	sources	consider	first-release	LTE	and	Mobile	WiMAX	implementations	as	pre-4G	or	near-4G,	as	they	do	not	fully	comply	with	the	planned	requirements	of	1	Gbit/s	for	stationary	reception	and	100	Mbit/s	for	mobile.	Confusion	has	been	caused	by	some	mobile	carriers	who	have	launched	products	advertised	as	4G	but
which	according	to	some	sources	are	pre-4G	versions,	commonly	referred	to	as	3.9G,	which	do	not	follow	the	ITU-R	defined	principles	for	4G	standards,	but	today	can	be	called	4G	according	to	ITU-R.	Vodafone	Netherlands	for	example,	advertised	LTE	as	4G,	while	advertising	LTE	Advanced	as	their	'4G+'	service.	A	common	argument	for	branding
3.9G	systems	as	new-generation	is	that	they	use	different	frequency	bands	from	3G	technologies;	that	they	are	based	on	a	new	radio-interface	paradigm;	and	that	the	standards	are	not	backwards	compatible	with	3G,	whilst	some	of	the	standards	are	forwards	compatible	with	IMT-2000	compliant	versions	of	the	same	standards.	System	standards	IMT-
2000	compliant	4G	standards	As	of	October	2010,	ITU-R	Working	Party	5D	approved	two	industry-developed	technologies	(LTE	Advanced	and	WirelessMAN-Advanced)[12]	for	inclusion	in	the	ITU's	International	Mobile	Telecommunications	Advanced	program	(IMT-Advanced	program),	which	is	focused	on	global	communication	systems	that	will	be
available	several	years	from	now.	LTE	Advanced	Main	article:	LTE	Advanced	LTE	Advanced	(Long	Term	Evolution	Advanced)	is	a	candidate	for	IMT-Advanced	standard,	formally	submitted	by	the	3GPP	organization	to	ITU-T	in	the	fall	2009,	and	expected	to	be	released	in	2013.[needs	update]	The	target	of	3GPP	LTE	Advanced	is	to	reach	and	surpass
the	ITU	requirements.[13]	LTE	Advanced	is	essentially	an	enhancement	to	LTE.	It	is	not	a	new	technology,	but	rather	an	improvement	on	the	existing	LTE	network.	This	upgrade	path	makes	it	more	cost	effective	for	vendors	to	offer	LTE	and	then	upgrade	to	LTE	Advanced	which	is	similar	to	the	upgrade	from	WCDMA	to	HSPA.	LTE	and	LTE	Advanced
will	also	make	use	of	additional	spectrums	and	multiplexing	to	allow	it	to	achieve	higher	data	speeds.	Coordinated	Multi-point	Transmission	will	also	allow	more	system	capacity	to	help	handle	the	enhanced	data	speeds.	Data	speeds	of	LTE-Advanced	LTE	Advanced	Peak	download	1000	Mbit/s	Peak	upload	0500	Mbit/s	IEEE	802.16m	or	WirelessMAN-
Advanced	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(August	2021)	The	IEEE	802.16m	or	WirelessMAN-Advanced	(WiMAX	2)	evolution	of	802.16e	is	under	development,	with	the	objective	to	fulfill	the	IMT-Advanced	criteria	of	1	Gbit/s	for	stationary	reception	and	100	Mbit/s
for	mobile	reception.[14]	Forerunner	versions	Long	Term	Evolution	(LTE)	Main	article:	LTE	(telecommunication)	Telia-branded	Samsung	LTE	modem	Huawei	4G+	Dual	Band	Modem	The	pre-4G	3GPP	Long	Term	Evolution	(LTE)	technology	is	often	branded	"4G	–	LTE",	but	the	first	LTE	release	does	not	fully	comply	with	the	IMT-Advanced
requirements.	LTE	has	a	theoretical	net	bit	rate	capacity	of	up	to	100	Mbit/s	in	the	downlink	and	50	Mbit/s	in	the	uplink	if	a	20	MHz	channel	is	used	—	and	more	if	multiple-input	multiple-output	(MIMO),	i.e.	antenna	arrays,	are	used.	The	physical	radio	interface	was	at	an	early	stage	named	High	Speed	OFDM	Packet	Access	(HSOPA),	now	named
Evolved	UMTS	Terrestrial	Radio	Access	(E-UTRA).	The	first	LTE	USB	dongles	do	not	support	any	other	radio	interface.	The	world's	first	publicly	available	LTE	service	was	opened	in	the	two	Scandinavian	capitals,	Stockholm	(Ericsson	and	Nokia	Siemens	Networks	systems)	and	Oslo	(a	Huawei	system)	on	December	14,	2009,	and	branded	4G.	The	user
terminals	were	manufactured	by	Samsung.[15]	As	of	November	2012,	the	five	publicly	available	LTE	services	in	the	United	States	are	provided	by	MetroPCS,[16]	Verizon	Wireless,[17]	AT&T	Mobility,	U.S.	Cellular,[18]	Sprint,[19]	and	T-Mobile	US.[20]	T-Mobile	Hungary	launched	a	public	beta	test	(called	friendly	user	test)	on	7	October	2011,	and	has
offered	commercial	4G	LTE	services	since	1	January	2012.[citation	needed]	In	South	Korea,	SK	Telecom	and	LG	U+	have	enabled	access	to	LTE	service	since	1	July	2011	for	data	devices,	slated	to	go	nationwide	by	2012.[21]	KT	Telecom	closed	its	2G	service	by	March	2012	and	completed	nationwide	LTE	service	in	the	same	frequency	around	1.8	GHz
by	June	2012.	In	the	United	Kingdom,	LTE	services	were	launched	by	EE	in	October	2012,[22]	by	O2	and	Vodafone	in	August	2013,[23]	and	by	Three	in	December	2013.[24]	Data	speeds	of	LTE	LTE	Peak	download	0100	Mbit/s	Peak	upload	0050	Mbit/s	Mobile	WiMAX	(IEEE	802.16e)	The	Mobile	WiMAX	(IEEE	802.16e-2005)	mobile	wireless	broadband
access	(MWBA)	standard	(also	known	as	WiBro	in	South	Korea)	is	sometimes	branded	4G,	and	offers	peak	data	rates	of	128	Mbit/s	downlink	and	56	Mbit/s	uplink	over	20	MHz	wide	channels.[citation	needed]	In	June	2006,	the	world's	first	commercial	mobile	WiMAX	service	was	opened	by	KT	in	Seoul,	South	Korea.[25]	Sprint	has	begun	using	Mobile
WiMAX,	as	of	29	September	2008,	branding	it	as	a	"4G"	network	even	though	the	current	version	does	not	fulfill	the	IMT	Advanced	requirements	on	4G	systems.[26]	In	Russia,	Belarus	and	Nicaragua	WiMax	broadband	internet	access	were	offered	by	a	Russian	company	Scartel,	and	was	also	branded	4G,	Yota.[27]	Data	speeds	of	WiMAX	WiMAX	Peak
download	0128	Mbit/s	Peak	upload	0056	Mbit/s	In	the	latest	version	of	the	standard,	WiMax	2.1,	the	standard	has	been	updated	to	be	not	compatible	with	earlier	WiMax	standard,	and	is	instead	interchangeable	with	LTE-TDD	system,	effectively	merging	WiMax	standard	with	LTE.	TD-LTE	for	China	market	This	section	possibly	contains	synthesis	of
material	which	does	not	verifiably	mention	or	relate	to	the	main	topic.	Relevant	discussion	may	be	found	on	the	talk	page.	(April	2017)	(Learn	how	and	when	to	remove	this	template	message)	Just	as	Long-Term	Evolution	(LTE)	and	WiMAX	are	being	vigorously	promoted	in	the	global	telecommunications	industry,	the	former	(LTE)	is	also	the	most
powerful	4G	mobile	communications	leading	technology	and	has	quickly	occupied	the	Chinese	market.	TD-LTE,	one	of	the	two	variants	of	the	LTE	air	interface	technologies,	is	not	yet	mature,	but	many	domestic	and	international	wireless	carriers	are,	one	after	the	other	turning	to	TD-LTE.	IBM's	data	shows	that	67%	of	the	operators	are	considering
LTE	because	this	is	the	main	source	of	their	future	market.	The	above	news	also	confirms	IBM's	statement	that	while	only	8%	of	the	operators	are	considering	the	use	of	WiMAX,	WiMAX	can	provide	the	fastest	network	transmission	to	its	customers	on	the	market	and	could	challenge	LTE.	TD-LTE	is	not	the	first	4G	wireless	mobile	broadband	network
data	standard,	but	it	is	China's	4G	standard	that	was	amended	and	published	by	China's	largest	telecom	operator	–	China	Mobile.	After	a	series	of	field	trials,	is	expected	to	be	released	into	the	commercial	phase	in	the	next	two	years.	Ulf	Ewaldsson,	Ericsson's	vice	president	said:	"the	Chinese	Ministry	of	Industry	and	China	Mobile	in	the	fourth
quarter	of	this	year	will	hold	a	large-scale	field	test,	by	then,	Ericsson	will	help	the	hand."	But	viewing	from	the	current	development	trend,	whether	this	standard	advocated	by	China	Mobile	will	be	widely	recognized	by	the	international	market	is	still	debatable.	Discontinued	candidate	systems	UMB	(formerly	EV-DO	Rev.	C)	Main	article:	Ultra	Mobile
Broadband	UMB	(Ultra	Mobile	Broadband)	was	the	brand	name	for	a	discontinued	4G	project	within	the	3GPP2	standardization	group	to	improve	the	CDMA2000	mobile	phone	standard	for	next	generation	applications	and	requirements.	In	November	2008,	Qualcomm,	UMB's	lead	sponsor,	announced	it	was	ending	development	of	the	technology,
favoring	LTE	instead.[28]	The	objective	was	to	achieve	data	speeds	over	275	Mbit/s	downstream	and	over	75	Mbit/s	upstream.	Flash-OFDM	At	an	early	stage	the	Flash-OFDM	system	was	expected	to	be	further	developed	into	a	4G	standard.	iBurst	and	MBWA	(IEEE	802.20)	systems	The	iBurst	system	(or	HC-SDMA,	High	Capacity	Spatial	Division
Multiple	Access)	was	at	an	early	stage	considered	to	be	a	4G	predecessor.	It	was	later	further	developed	into	the	Mobile	Broadband	Wireless	Access	(MBWA)	system,	also	known	as	IEEE	802.20.	Principal	technologies	in	all	candidate	systems	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to
reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(August	2015)	(Learn	how	and	when	to	remove	this	template	message)	Key	features	The	following	key	features	can	be	observed	in	all	suggested	4G	technologies:	Physical	layer	transmission	techniques	are	as	follows:[29]	MIMO:	To	attain	ultra	high	spectral	efficiency	by	means	of
spatial	processing	including	multi-antenna	and	multi-user	MIMO	Frequency-domain-equalization,	for	example	multi-carrier	modulation	(OFDM)	in	the	downlink	or	single-carrier	frequency-domain-equalization	(SC-FDE)	in	the	uplink:	To	exploit	the	frequency	selective	channel	property	without	complex	equalization	Frequency-domain	statistical
multiplexing,	for	example	(OFDMA)	or	(single-carrier	FDMA)	(SC-FDMA,	a.k.a.	linearly	precoded	OFDMA,	LP-OFDMA)	in	the	uplink:	Variable	bit	rate	by	assigning	different	sub-channels	to	different	users	based	on	the	channel	conditions	Turbo	principle	error-correcting	codes:	To	minimize	the	required	SNR	at	the	reception	side	Channel-dependent
scheduling:	To	use	the	time-varying	channel	Link	adaptation:	Adaptive	modulation	and	error-correcting	codes	Mobile	IP	utilized	for	mobility	IP-based	femtocells	(home	nodes	connected	to	fixed	Internet	broadband	infrastructure)	As	opposed	to	earlier	generations,	4G	systems	do	not	support	circuit	switched	telephony.	IEEE	802.20,	UMB	and	OFDM
standards[30]	lack	soft-handover	support,	also	known	as	cooperative	relaying.	Multiplexing	and	access	schemes	This	section	contains	information	of	unclear	or	questionable	importance	or	relevance	to	the	article's	subject	matter.	Please	help	improve	this	section	by	clarifying	or	removing	indiscriminate	details.	If	importance	cannot	be	established,	the
section	is	likely	to	be	moved	to	another	article,	pseudo-redirected,	or	removed.Find	sources:	"4G"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(May	2010)	(Learn	how	and	when	to	remove	this	template	message)	Recently,	new	access	schemes	like	Orthogonal	FDMA	(OFDMA),	Single	Carrier	FDMA	(SC-FDMA),	Interleaved	FDMA,	and	Multi-carrier
CDMA	(MC-CDMA)	are	gaining	more	importance	for	the	next	generation	systems.	These	are	based	on	efficient	FFT	algorithms	and	frequency	domain	equalization,	resulting	in	a	lower	number	of	multiplications	per	second.	They	also	make	it	possible	to	control	the	bandwidth	and	form	the	spectrum	in	a	flexible	way.	However,	they	require	advanced
dynamic	channel	allocation	and	adaptive	traffic	scheduling.	WiMax	is	using	OFDMA	in	the	downlink	and	in	the	uplink.	For	the	LTE	(telecommunication),	OFDMA	is	used	for	the	downlink;	by	contrast,	Single-carrier	FDMA	is	used	for	the	uplink	since	OFDMA	contributes	more	to	the	PAPR	related	issues	and	results	in	nonlinear	operation	of	amplifiers.
IFDMA	provides	less	power	fluctuation	and	thus	requires	energy-inefficient	linear	amplifiers.	Similarly,	MC-CDMA	is	in	the	proposal	for	the	IEEE	802.20	standard.	These	access	schemes	offer	the	same	efficiencies	as	older	technologies	like	CDMA.	Apart	from	this,	scalability	and	higher	data	rates	can	be	achieved.	The	other	important	advantage	of	the
above-mentioned	access	techniques	is	that	they	require	less	complexity	for	equalization	at	the	receiver.	This	is	an	added	advantage	especially	in	the	MIMO	environments	since	the	spatial	multiplexing	transmission	of	MIMO	systems	inherently	require	high	complexity	equalization	at	the	receiver.	In	addition	to	improvements	in	these	multiplexing
systems,	improved	modulation	techniques	are	being	used.	Whereas	earlier	standards	largely	used	Phase-shift	keying,	more	efficient	systems	such	as	64QAM	are	being	proposed	for	use	with	the	3GPP	Long	Term	Evolution	standards.	IPv6	support	Main	articles:	Network	layer,	Internet	protocol,	and	IPv6	Unlike	3G,	which	is	based	on	two	parallel
infrastructures	consisting	of	circuit	switched	and	packet	switched	network	nodes,	4G	is	based	on	packet	switching	only.	This	requires	low-latency	data	transmission.	As	IPv4	addresses	are	(nearly)	exhausted,[Note	1][31]	IPv6	is	essential	to	support	the	large	number	of	wireless-enabled	devices	that	communicate	using	IP.	By	increasing	the	number	of
IP	addresses	available,	IPv6	removes	the	need	for	network	address	translation	(NAT),	a	method	of	sharing	a	limited	number	of	addresses	among	a	larger	group	of	devices,	which	has	a	number	of	problems	and	limitations.	When	using	IPv6,	some	kind	of	NAT	is	still	required	for	communication	with	legacy	IPv4	devices	that	are	not	also	IPv6-connected.
As	of	June	2009[update],	Verizon	has	posted	Specifications	[1]	that	require	any	4G	devices	on	its	network	to	support	IPv6.[32]	Advanced	antenna	systems	Main	articles:	MIMO	and	MU-MIMO	The	performance	of	radio	communications	depends	on	an	antenna	system,	termed	smart	or	intelligent	antenna.	Recently,	multiple	antenna	technologies	are
emerging	to	achieve	the	goal	of	4G	systems	such	as	high	rate,	high	reliability,	and	long	range	communications.	In	the	early	1990s,	to	cater	for	the	growing	data	rate	needs	of	data	communication,	many	transmission	schemes	were	proposed.	One	technology,	spatial	multiplexing,	gained	importance	for	its	bandwidth	conservation	and	power	efficiency.
Spatial	multiplexing	involves	deploying	multiple	antennas	at	the	transmitter	and	at	the	receiver.	Independent	streams	can	then	be	transmitted	simultaneously	from	all	the	antennas.	This	technology,	called	MIMO	(as	a	branch	of	intelligent	antenna),	multiplies	the	base	data	rate	by	(the	smaller	of)	the	number	of	transmit	antennas	or	the	number	of
receive	antennas.	Apart	from	this,	the	reliability	in	transmitting	high	speed	data	in	the	fading	channel	can	be	improved	by	using	more	antennas	at	the	transmitter	or	at	the	receiver.	This	is	called	transmit	or	receive	diversity.	Both	transmit/receive	diversity	and	transmit	spatial	multiplexing	are	categorized	into	the	space-time	coding	techniques,	which
does	not	necessarily	require	the	channel	knowledge	at	the	transmitter.	The	other	category	is	closed-loop	multiple	antenna	technologies,	which	require	channel	knowledge	at	the	transmitter.	Open-wireless	Architecture	and	Software-defined	radio	(SDR)	One	of	the	key	technologies	for	4G	and	beyond	is	called	Open	Wireless	Architecture	(OWA),
supporting	multiple	wireless	air	interfaces	in	an	open	architecture	platform.	SDR	is	one	form	of	open	wireless	architecture	(OWA).	Since	4G	is	a	collection	of	wireless	standards,	the	final	form	of	a	4G	device	will	constitute	various	standards.	This	can	be	efficiently	realized	using	SDR	technology,	which	is	categorized	to	the	area	of	the	radio
convergence.	History	of	4G	and	pre-4G	technologies	The	4G	system	was	originally	envisioned	by	the	DARPA,	the	US	Defense	Advanced	Research	Projects	Agency.[citation	needed]	DARPA	selected	the	distributed	architecture	and	end-to-end	Internet	protocol	(IP),	and	believed	at	an	early	stage	in	peer-to-peer	networking	in	which	every	mobile	device
would	be	both	a	transceiver	and	a	router	for	other	devices	in	the	network,	eliminating	the	spoke-and-hub	weakness	of	2G	and	3G	cellular	systems.[33][page	needed]	Since	the	2.5G	GPRS	system,	cellular	systems	have	provided	dual	infrastructures:	packet	switched	nodes	for	data	services,	and	circuit	switched	nodes	for	voice	calls.	In	4G	systems,	the
circuit-switched	infrastructure	is	abandoned	and	only	a	packet-switched	network	is	provided,	while	2.5G	and	3G	systems	require	both	packet-switched	and	circuit-switched	network	nodes,	i.e.	two	infrastructures	in	parallel.	This	means	that	in	4G	traditional	voice	calls	are	replaced	by	IP	telephony.	In	2002,	the	strategic	vision	for	4G—which	ITU
designated	as	IMT	Advanced—was	laid	out.	In	2004,	LTE	was	first	proposed	by	NTT	DoCoMo	of	Japan.[34]	In	2005,	OFDMA	transmission	technology	is	chosen	as	candidate	for	the	HSOPA	downlink,	later	renamed	3GPP	Long	Term	Evolution	(LTE)	air	interface	E-UTRA.	In	November	2005,	KT	Corporation	demonstrated	mobile	WiMAX	service	in	Busan,
South	Korea.[35]	In	April	2006,	KT	Corporation	started	the	world's	first	commercial	mobile	WiMAX	service	in	Seoul,	South	Korea.[36]	In	mid-2006,	Sprint	announced	that	it	would	invest	about	US$5	billion	in	a	WiMAX	technology	buildout	over	the	next	few	years[37]	($6.72	billion	in	real	terms[38]).	Since	that	time	Sprint	has	faced	many	setbacks	that
have	resulted	in	steep	quarterly	losses.	On	7	May	2008,	Sprint,	Imagine,	Google,	Intel,	Comcast,	Bright	House,	and	Time	Warner	announced	a	pooling	of	an	average	of	120	MHz	of	spectrum;	Sprint	merged	its	Xohm	WiMAX	division	with	Clearwire	to	form	a	company	which	will	take	the	name	"Clear".	In	February	2007,	the	Japanese	company	NTT
DoCoMo	tested	a	4G	communication	system	prototype	with	4×4	MIMO	called	VSF-OFCDM	at	100	Mbit/s	while	moving,	and	1	Gbit/s	while	stationary.	NTT	DoCoMo	completed	a	trial	in	which	they	reached	a	maximum	packet	transmission	rate	of	approximately	5	Gbit/s	in	the	downlink	with	12×12	MIMO	using	a	100	MHz	frequency	bandwidth	while
moving	at	10	km/h,[39]	and	is	planning	on	releasing	the	first	commercial	network	in	2010.	In	September	2007,	NTT	Docomo	demonstrated	e-UTRA	data	rates	of	200	Mbit/s	with	power	consumption	below	100	mW	during	the	test.[40]	In	January	2008,	a	U.S.	Federal	Communications	Commission	(FCC)	spectrum	auction	for	the	700	MHz	former	analog
TV	frequencies	began.	As	a	result,	the	biggest	share	of	the	spectrum	went	to	Verizon	Wireless	and	the	next	biggest	to	AT&T.[41]	Both	of	these	companies	have	stated	their	intention	of	supporting	LTE.	In	January	2008,	EU	commissioner	Viviane	Reding	suggested	re-allocation	of	500–800	MHz	spectrum	for	wireless	communication,	including	WiMAX.
[42]	On	15	February	2008,	Skyworks	Solutions	released	a	front-end	module	for	e-UTRAN.[43][44][45]	In	November	2008,	ITU-R	established	the	detailed	performance	requirements	of	IMT-Advanced,	by	issuing	a	Circular	Letter	calling	for	candidate	Radio	Access	Technologies	(RATs)	for	IMT-Advanced.[46]	In	April	2008,	just	after	receiving	the	circular
letter,	the	3GPP	organized	a	workshop	on	IMT-Advanced	where	it	was	decided	that	LTE	Advanced,	an	evolution	of	current	LTE	standard,	will	meet	or	even	exceed	IMT-Advanced	requirements	following	the	ITU-R	agenda.	In	April	2008,	LG	and	Nortel	demonstrated	e-UTRA	data	rates	of	50	Mbit/s	while	travelling	at	110	km/h.[47]	On	12	November
2008,	HTC	announced	the	first	WiMAX-enabled	mobile	phone,	the	Max	4G[48]	On	15	December	2008,	San	Miguel	Corporation,	the	largest	food	and	beverage	conglomerate	in	southeast	Asia,	has	signed	a	memorandum	of	understanding	with	Qatar	Telecom	QSC	(Qtel)	to	build	wireless	broadband	and	mobile	communications	projects	in	the	Philippines.
The	joint-venture	formed	wi-tribe	Philippines,	which	offers	4G	in	the	country.[49]	Around	the	same	time	Globe	Telecom	rolled	out	the	first	WiMAX	service	in	the	Philippines.	On	3	March	2009,	Lithuania's	LRTC	announcing	the	first	operational	"4G"	mobile	WiMAX	network	in	Baltic	states.[50]	In	December	2009,	Sprint	began	advertising	"4G"	service	in
selected	cities	in	the	United	States,	despite	average	download	speeds	of	only	3–6	Mbit/s	with	peak	speeds	of	10	Mbit/s	(not	available	in	all	markets).[51]	On	14	December	2009,	the	first	commercial	LTE	deployment	was	in	the	Scandinavian	capitals	Stockholm	and	Oslo	by	the	Swedish-Finnish	network	operator	TeliaSonera	and	its	Norwegian
brandname	NetCom	(Norway).	TeliaSonera	branded	the	network	"4G".	The	modem	devices	on	offer	were	manufactured	by	Samsung	(dongle	GT-B3710),	and	the	network	infrastructure	created	by	Huawei	(in	Oslo)	and	Ericsson	(in	Stockholm).	TeliaSonera	plans	to	roll	out	nationwide	LTE	across	Sweden,	Norway	and	Finland.[52][53]	TeliaSonera	used
spectral	bandwidth	of	10	MHz,	and	single-in-single-out,	which	should	provide	physical	layer	net	bit	rates	of	up	to	50	Mbit/s	downlink	and	25	Mbit/s	in	the	uplink.	Introductory	tests	showed	a	TCP	throughput	of	42.8	Mbit/s	downlink	and	5.3	Mbit/s	uplink	in	Stockholm.[54]	On	4	June	2010,	Sprint	released	the	first	WiMAX	smartphone	in	the	US,	the	HTC
Evo	4G.[55]	On	November	4,	2010,	the	Samsung	Craft	offered	by	MetroPCS	is	the	first	commercially	available	LTE	smartphone[56]	On	6	December	2010,	at	the	ITU	World	Radiocommunication	Seminar	2010,	the	ITU	stated	that	LTE,	WiMAX	and	similar	"evolved	3G	technologies"	could	be	considered	"4G".[5]	In	2011,	Argentina's	Claro	launched	a	pre-
4G	HSPA+	network	in	the	country.	In	2011,	Thailand's	Truemove-H	launched	a	pre-4G	HSPA+	network	with	nationwide	availability.	On	March	17,	2011,	the	HTC	Thunderbolt	offered	by	Verizon	in	the	U.S.	was	the	second	LTE	smartphone	to	be	sold	commercially.[57][58]	In	February	2012,	Ericsson	demonstrated	mobile-TV	over	LTE,	utilizing	the	new
eMBMS	service	(enhanced	Multimedia	Broadcast	Multicast	Service).[59]	Since	2009,	the	LTE-Standard	has	strongly	evolved	over	the	years,	resulting	in	many	deployments	by	various	operators	across	the	globe.	For	an	overview	of	commercial	LTE	networks	and	their	respective	historic	development	see:	List	of	LTE	networks.	Among	the	vast	range	of
deployments,	many	operators	are	considering	the	deployment	and	operation	of	LTE	networks.	A	compilation	of	planned	LTE	deployments	can	be	found	at:	List	of	planned	LTE	networks.	Disadvantages	4G	introduces	a	potential	inconvenience	for	those	who	travel	internationally	or	wish	to	switch	carriers.	In	order	to	make	and	receive	4G	voice	calls,	the
subscriber	handset	must	not	only	have	a	matching	frequency	band	(and	in	some	cases	require	unlocking),	it	must	also	have	the	matching	enablement	settings	for	the	local	carrier	and/or	country.	While	a	phone	purchased	from	a	given	carrier	can	be	expected	to	work	with	that	carrier,	making	4G	voice	calls	on	another	carrier's	network	(including
international	roaming)	may	be	impossible	without	a	software	update	specific	to	the	local	carrier	and	the	phone	model	in	question,	which	may	or	may	not	be	available	(although	fallback	to	3G	for	voice	calling	may	still	be	possible	if	a	3G	network	is	available	with	a	matching	frequency	band).[60]	Beyond	4G	research	Main	article:	5G	A	major	issue	in	4G
systems	is	to	make	the	high	bit	rates	available	in	a	larger	portion	of	the	cell,	especially	to	users	in	an	exposed	position	in	between	several	base	stations.	In	current	research,	this	issue	is	addressed	by	macro-diversity	techniques,	also	known	as	group	cooperative	relay,	and	also	by	Beam-Division	Multiple	Access	(BDMA).[61]	Pervasive	networks	are	an



amorphous	and	at	present	entirely	hypothetical	concept	where	the	user	can	be	simultaneously	connected	to	several	wireless	access	technologies	and	can	seamlessly	move	between	them	(See	vertical	handoff,	IEEE	802.21).	These	access	technologies	can	be	Wi-Fi,	UMTS,	EDGE,	or	any	other	future	access	technology.	Included	in	this	concept	is	also
smart-radio	(also	known	as	cognitive	radio)	technology	to	efficiently	manage	spectrum	use	and	transmission	power	as	well	as	the	use	of	mesh	routing	protocols	to	create	a	pervasive	network.	Past	4G	networks	This	section	is	about	WiMAX	&	LTE	network	shutdowns.	For	shutdowns	of	HSPA+	(UMTS)	networks	that	are	sometimes	labeled	as	4G,	see	3G
§	Phase	out.	Country	Network	Shutdown	date	Standard	Notes		Jamaica	Digicel	2018-10-31	WiMAX	[62]		Malaysia	Yes	4G	2019-10-01	WiMAX	[63][64]				Nepal	Nepal	Telecom	2021-12-??	WiMAX	[65]		Trinidad	and	Tobago	Blink	bmobile	(TSTT)	2015-03-03	WiMAX	[66]		United	States	Sprint	2016-03-31	WiMAX	[67][68]	T-Mobile	(Sprint)	2022-06-30	LTE
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Management	Preceded	by3rd	Generation	(3G)	Mobile	Telephony	Generations	Succeeded	by5th	Generation	(5G)	Retrieved	from	"	12Radio	access	technology	for	5G	networks	5G	NR	(New	Radio)	is	a	new	radio	access	technology	(RAT)	developed	by	3GPP	for	the	5G	(fifth	generation)	mobile	network.[1]	It	was	designed	to	be	the	global	standard	for	the
air	interface	of	5G	networks.[2]	As	with	4G	(LTE),	it	is	based	on	OFDM	The	3GPP	specification	38	series[3]	provides	the	technical	details	behind	5G	NR,	the	successor	of	LTE.	The	study	of	NR	within	3GPP	started	in	2015,	and	the	first	specification	was	made	available	by	the	end	of	2017.	While	the	3GPP	standardization	process	was	ongoing,	the
industry	had	already	begun	efforts	to	implement	infrastructure	compliant	with	the	draft	standard,	with	the	first	large-scale	commercial	launch	of	5G	NR	having	occurred	in	the	end	of	2018.	Since	2019,	many	operators	have	deployed	5G	NR	networks	and	handset	manufacturers	have	developed	5G	NR	enabled	handsets.	Frequency	bands	Main	article:
5G	NR	frequency	bands	5G	NR	uses	frequency	bands	in	two	frequency	ranges:	Frequency	Range	1	(FR1),	for	bands	within	410	MHz	–	7125	MHz	Frequency	Range	2	(FR2),	for	bands	within	24250	MHz	–	71000	MHz	Network	deployments	Main	article:	List	of	5G	NR	networks	Ooredoo	was	the	first	carrier	to	launch	a	commercial	5G	NR	network,	in
May	2018	in	Qatar.	Other	carriers	around	the	world	have	been	following	suit.	Development	In	2018,	3GPP	published	Release	15,	which	includes	what	is	described	as	"Phase	1"	standardization	for	5G	NR.	The	timeline	for	Release	16,	which	will	be	"5G	phase	2",	follows	a	freeze	date	of	March	2020	and	a	completion	date	of	June	2020,[4]	Release	17	was
originally	scheduled	for	delivery	in	September	2021.[5]	but,	because	of	the	COVID-19	pandemic,	it	was	rescheduled	for	June	2022.[6]	Deployment	modes	Initial	5G	NR	launches	will	depend	on	existing	4G	LTE	infrastructure	in	non-standalone	(NSA)	mode,	before	maturation	of	the	standalone	(SA)	mode	with	the	5G	core	network.	Additionally,	the
spectrum	can	be	dynamically	shared	between	4G	LTE	and	5G	NR.	Non-standalone	mode	The	non-standalone	(NSA)	mode	of	5G	NR	refers	to	an	option	of	5G	NR	deployment	that	depends	on	the	control	plane	of	an	existing	4G	LTE	network	for	control	functions,	while	5G	NR	is	exclusively	focused	on	the	user	plane.[7][8]	This	is	reported	to	speed	up	5G
adoption,	however	some	operators	and	vendors	have	criticized	prioritizing	the	introduction	of	5G	NR	NSA	on	the	grounds	that	it	could	hinder	the	implementation	of	the	standalone	mode	of	the	network.[9][10]	Dynamic	spectrum	sharing	To	make	better	use	of	existing	assets,	carriers	may	opt	to	dynamically	share	it	between	4G	LTE	and	5G	NR.	The
spectrum	is	multiplexed	over	time	between	both	generations	of	mobile	networks,	while	still	using	the	4G	LTE	network	for	control	functions,	depending	on	user	demand.	Dynamic	spectrum	sharing	(DSS)	may	be	deployed	on	existing	4G	LTE	equipment	as	long	as	it	is	compatible	with	5G	NR.	Only	the	5G	NR	terminal	needs	to	be	compatible	with	DSS.
[11]	Standalone	mode	The	standalone	(SA)	mode	of	5G	NR	refers	to	using	5G	cells	for	both	signalling	and	information	transfer.[7]	It	includes	the	new	5G	Packet	Core	architecture	instead	of	relying	on	the	4G	Evolved	Packet	Core,[12][13]	to	allow	the	deployment	of	5G	without	the	LTE	network.[14]	It	is	expected	to	have	lower	cost,	better	efficiency,
and	to	assist	development	of	new	use	cases.[9][15]	However,	initial	deployment	might	see	slower	speed	than	existing	network	due	to	the	allocation	of	spectrum.[16]	Numerology	(sub-carrier	spacing)	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(July	2022)	5G	NR	supports	five
subcarrier	spacings:	Sub-Carrier	Spacing	(kHz)	Slot	duration	(ms)	Frequency	Bands	Notes	15	1	FR1	Same	as	LTE	30	0.5	FR1	60	0.25	FR1	and	FR2	Both	normal	Cyclic	Prefix	(CP)	and	extended	CP	may	be	used	with	60	kHz	subcarrier	spacing	120	0.125	FR2	This	is	the	highest	subcarrier	spacing	for	the	path	of	data	240	0.0625	FR2	This	is	only	possible
for	search	and	measurement	purposes,	using	the	Synchronization	Signal	Block	(SSB)	The	length	of	CP	is	inversely	proportional	to	the	subcarrier	spacing.	It	is	4.7	μs	with	15	kHz,	and	4.7	/	16	=	0.29	μs	for	240	kHz	subcarrier	spacing.	See	also	IMT-2020	–	the	International	Telecommunication	Union	standards	Network	service	Network	virtualization
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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	and	account	for	25%	of	the	worldwide	mobile	technology	market	by	2025,	according	to	the	GSM	Association	and	Statista.[1][2]	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	higher	download	speeds,	eventually	up	to	10	gigabits	per
second	(Gbit/s).[3]	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.[4]	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	5G	networks,	as	they	are	not	backwards	compatible	with	4G.	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	nodes,	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.	5G	is	expected	to	support	up	to	a	million	devices	per	square	kilometer.	The	industry	consortium	setting	standards	for	5G,	the	3rd	Generation
Partnership	Project	(3GPP),	defines	"5G"	as	any	system	using	5G	NR	(5G	New	Radio)	software	-	a	definition	that	came	into	general	use	by	late	2018.	Several	network	operators	use	millimeter	waves	called	FR2	in	5G	terminology,	for	additional	capacity	and	higher	throughputs.	Millimeter	waves	have	a	shorter	range	than	the	lower	frequency
microwaves,	therefore	the	cells	are	of	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	data	rate	is	achieved	partly	by	using	additional	higher-frequency	radio
waves	in	addition	to	the	low-	and	medium-band	frequencies	used	in	previous	cellular	networks.	For	providing	a	wide	range	of	services,	5G	networks	can	operate	in	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).[5]	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.[6]	They	can	be	impeded	or	blocked	by	materials	in	walls	or	windows.[7]	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.[5]	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]	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).[8]	Only	eMBB	is	deployed	in	2020;	URLLC	and	mMTC	are	several	years	away	in	most	locations.[9]	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.[10]	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.[11]	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.[11]	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.[12]
However,	most	autonomous	vehicles	also	feature	teleoperations	for	mission	accomplishment,	and	these	greatly	benefit	from	5G	technology.[13][14]	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	around	50	Mbps	to	1,000	Mbps	(1	Gbps)	depending	on	the	RF	channel	and	BS	load.	The	fastest	5G	speeds	would	be	in	the	mmWave	bands	and	can	reach	4	Gbit/s	with	carrier
aggregation	and	MIMO	(assuming	a	perfect	channel	and	no	other	BS	load).	Sub-6	GHz	5G	(mid-band),	by	far	the	most	common,	can	deliver	between	10	and	1,000	Mbps;	it	will	have	a	much	further	reach	than	mmWave	bands.	In	the	sub-6	bands,	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.[15][16]	Low	bands	(such	as	n5)	offer	a	greater	range,	thereby	a	greater	coverage	area	for	a	given	site,	but	their	speeds	are	lower	than	the	mid	and	high	bands.	Latency	In	5G,	the	ideal	"air	latency"	is	of	the	order
of	8–12	milliseconds	i.e.,	excluding	delays	due	to	HARQ	retransmissions,	handovers,	etc.	Retransmission	latency	and	backhaul	latency	to	the	server	must	be	added	to	the	"air	latency"	for	correct	comparisons.	Verizon	reported	the	latency	on	its	5G	early	deployment	is	30	ms.	Edge	Servers	close	to	the	towers	can	probably	reduce	latency	to	10	-	15	ms.
Latency	is	much	higher	during	handovers;	ranging	from	50	to	500	milliseconds	depending	on	the	type	of	handover.	Reducing	handover	interruption	time	is	an	ongoing	area	of	research	and	development.	Error	rate	5G	uses	adaptive	modulation	and	coding	scheme	(MCS)	to	keep	the	bit	error	rate	(BLER)	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:	transmit	power,	frequency,	and	interference.	For	example,	mmWave	(e.g.:	n256	band)	will	have	a	lower	range	than	mid-band	(e.g.:	n78
band)	which	will	have	a	lower	range	than	low-band	(e.g.:	n5	band)	Given	the	marketing	hype	on	what	5G	can	offer,	simulators	and	drive	tests	are	used	by	cellular	service	providers	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.[17]	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.[18][19]	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.[20][21][22]	The	standard	documents	for	5G	are	organized	by	3GPP.[23][24]
The	5G	system	architecture	is	defined	in	TS	23.501.[25]	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.[26]	Specifications	of	key	data	structures	are	found	in	TS	23.003.[27]	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.[28]	It	is	supposed	to	be	the	global	standard	for	the
air	interface	of	3GPP	5G	networks.[29]	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.[30][needs	update?]	5G-SIG:	Pre-standard	specification	of	5G	developed	by	KT	Corporation.	Deployed	at	Pyeongchang	2018	Winter	Olympics.[31]	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.[32]	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)[33]	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.[34]	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.[35]	The	equivalent	numbers	in	November
2018	were	192	operators	in	81	countries.[36]	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.[37]	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.[38]	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.[39][40]	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.[41]	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.[42]	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.[43]	260,000	signed	up	in	the	first	month	and	4.7	million	by	the	end	of	2019.[44]	T-Mobile	US	was	the	1st	company	in	the	world	to	launch	a	commercially	available	5G	NR	Standalone	network.[45]	Nine	companies	sell	5G	radio	hardware	and	5G
systems	for	carriers:	Altiostar,	Cisco	Systems,	Datang	Telecom/Fiberhome,	Ericsson,	Huawei,	Nokia,	Qualcomm,	Samsung,	and	ZTE.[46][47][48][49][50][51][52]	Spectrum	Large	quantities	of	new	radio	spectrum	(5G	NR	frequency	bands)	have	been	allocated	to	5G.[53]	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.[54]	In	March	2018,	European	Union	lawmakers	agreed	to	open
up	the	3.6	and	26	GHz	bands	by	2020.[55]	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.[56]	5G	devices	In	March	2019,	the	Global	Mobile	Suppliers	Association	released	the	industry's	first	database	tracking	worldwide	5G	device	launches.[57]	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)).[58]	By	October	2019,	the	number	of
announced	5G	devices	had	risen	to	129,	across	15	form	factors,	from	56	vendors.[59]	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.[60]	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.[61]	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.[62]	Many	phone	manufacturers	support	5G.	Apple	iPhone	12	and	later	versions	support	5G.[63][64]	Google	Pixel	phones	support	it,	since	version	5a.[65]
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.[66]	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,	data	traffic	congestion[67][68]	and	can	improve	service	availability.[69]	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.[70][71][72][73]	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.[74]	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.[75]	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.[76]	In	this	context,	network	slicing	has	emerged	as	a	key	technology	to	efficiently	embrace	this	new	market
model.[77]	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.[78][79]	Operation	in	unlicensed	spectrum	In	December	2018,	3GPP	began	working	on	unlicensed	spectrum	specifications	known	as	5G
NR-U,	targeting	3GPP	Release	16.[80]	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.[81][82][83]	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.)[84]	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".[85][86]	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,[87]	Arbor	Networks,[88]	A10	Networks,[89]	and	Voxility[90]	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.[91]	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.[86]	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)[92]	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.[93]	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.[94]	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.[95][96]	Interference	to	satellite	operations	impairs	numerical	weather	prediction	performance	with	substantially	deleterious	economic	and	public	safety	impacts	in	areas	such	as	commercial	aviation.[97][98]	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.[99]	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.[100]	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.[101]	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.[102]	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".[103]	A	representative	of	the	American	Meteorological	Society	(AMS)	also	warned	of	interference,[104]	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).[105]	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.[106]	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[107]	which	lack	protection	from	neighboring	bands.[108]	This	is	not	as	much	of	an	issue	in	Europe,	where	5G	uses	lower	frequencies	between	3.4	and	3.8	GHz.[109]	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.[110]	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.[111]	After	coming	to	an	agreement
with	government	officials	the	day	before,[112]	Verizon	and	AT&T	activated	their	5G	networks	on	January	19,	2022,	except	for	certain	towers	near	50	airports.[113]	AT&T	scaled	back	its	deployment	even	further	than	its	agreement	with	the	FAA	required.[114]	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.[115]	Airlines	complained	about	the	avoidable	impact	on	their	operations,	and	commentators	said	the	affair	called	into	question	the	competence	of	the	FAA.[116]
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.[117]	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.[118]	This	interference	can	be	mitigated	with	low-noise	block	downconverters	and	waveguide	filters.[118]	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.[119]	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,[120]	ability	for	5G's	mmWave	signal	to	provide	significant	coverage,[121][122]	overstating	what	5G	can	achieve	or	misattributing	continuous	technological	improvement	to	"5G",[123]	lack	of	new	use	case	for	carriers	to	profit	from,[124]	wrong	focus	on	emphasizing	direct	benefits	on	individual
consumers	instead	of	for	internet	of	things	devices	or	solving	the	Last	mile	problem,[125]	and	overshadowing	the	possibility	that	in	some	aspects	there	might	be	other	more	appropriate	technologies.[126]	Such	sort	of	concerns	have	also	lead	to	consumers	not	trusting	information	provided	by	cellular	providers	on	the	topic.[127]	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-ionizing	radiation	poses	dangers	to	human	health.[128]	Unlike	ionizing	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."[129]	Some	advocates	of	fringe	health	claim	the	regulatory	standards	are	too	low	and	influenced	by	lobbying	groups.[128]	An	anti-5G	sticker	in	Luxembourg.	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.[128][130]	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.[131]	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.[132]	In	April
2019,	the	city	of	Brussels	in	Belgium	blocked	a	5G	trial	because	of	radiation	rules.[133]	In	Geneva,	Switzerland,	a	planned	upgrade	to	5G	was	stopped	for	the	same	reason.[134]	The	Swiss	Telecommunications	Association	(ASUT)	has	said	that	studies	have	been	unable	to	show	that	5G	frequencies	have	any	health	impact.[135]	According	to	CNET,[136]
"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."
[136][137][138][139][140]	Similar	concerns	were	raised	in	Vermont[141]	and	New	Hampshire.[136]	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."[142]	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.[143][144][145]	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	COVID-19	and	5G.[146]	This	has	led	to	dozens	of	arson	attacks	being
made	on	telecom	masts	in	the	Netherlands	(Amsterdam,	Rotterdam,	etc.),	Ireland	(Cork,[147]	etc.),	Cyprus,	the	United	Kingdom	(Dagenham,	Huddersfield,	Birmingham,	Belfast	and	Liverpool[148][149]),	Belgium	(Pelt),	Italy	(Maddaloni),	Croatia	(Bibinje[150])	and	Sweden.[151]	It	led	to	at	least	61	suspected	arson	attacks	against	telephone	masts	in
the	United	Kingdom	alone[152]	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:[128]	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".[153]	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.[154]	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.[155]	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.[156]	In	August	2012,	New	York	University	founded	NYU	Wireless,	a	multi-disciplinary	academic	research	centre	that	has	conducted	pioneering	work	in	5G	wireless	communications.[157]	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.[158][159][160][161]	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.[162]	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".[163]	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.[164]	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.[165][166]	In	July	2013,	India	and	Israel	agreed	to	work	jointly	on	development	of	fifth	generation	(5G)	telecom	technologies.[167]	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.[168]	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.[169]	On	April	3,	2019,	South	Korea	became	the	first	country	to	adopt	5G.
[170]	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.
[171]	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.[172]	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.[173]	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.[174][175]	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.[176]	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[177]	in	building	it	due	to	the	latency	and	throughput	to	capture	near	real-time	IoT	data	and	support	digital	twins.[178]	Public	safety
Mission-critical	push-to-talk	(MCPTT)	and	mission-critical	video	and	data	are	expected	to	be	furthered	in	5G.[179]	Fixed	wireless	Fixed	wireless	connections	will	offer	an	alternative	to	fixed	line	broadband	(ADSL,	VDSL,	Fiber	optic,	and	DOCSIS	connections)	in	some	locations.[180][181][182]	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.[183]	The	5G	Broadcast	tests	started	around	2020	(Orkneys,	Bavaria,	Austria,	Central	Bohemia)	based	on	FeMBMS	(Further	evolved	multimedia	broadcast	multicast	service).[184]	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	authenticated	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
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