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Standardized means of organizing and storing digital imagesThis article is about digital image formats used to store photographic and other images. For disk-image file formats, see Disk image. For digital file formats in general, see File format. For introductory information on Wikipedia's use of images, see Wikipedia:Images."Image format" redirects
here. For the camera sensor format, see Image sensor format.An image file format is a file format for a digital image. There are many formats that can be used, such as JPEG, PNG, and GIF. Most formats up until 2022 were for storing 2D images, not 3D ones. The data stored in an image file format may be compressed or uncompressed. If the data is
compressed, it may be done so using lossy compression or lossless compression. For graphic design applications, vector formats are often used. Some image file formats support transparency.Raster formats are for 2D images. A 3D image can be represented within a 2D format, as in a stereogram or autostereogram, but this 3D image will not be a
true light field, and thereby may cause the vergence-accommodation conflict.Image files are composed of digital data in one of these formats so that the data can be displayed on a digital (computer) display or printed out using a printer. A common method for displaying digital image information has historically been rasterization.The size of raster
image files is positively correlated with the number of pixels in the image and the color depth (bits per pixel). Images can be compressed in various ways, however. A compression algorithm stores either an exact representation or an approximation of the original image in a smaller number of bytes that can be expanded back to its uncompressed form
with a corresponding decompression algorithm. Images with the same number of pixels and color depth can have very different compressed file sizes. Considering exactly the same compression, number of pixels, and color depth for two images, different graphical complexity of the original images may also result in very different file sizes after
compression due to the nature of compression algorithms. With some compression formats, images that are less complex may result in smaller compressed file sizes. This characteristic sometimes results in a smaller file size for some lossless formats than lossy formats. For example, graphically simple images (i.e., images with large continuous
regions like line art or animation sequences) may be losslessly compressed into a GIF or PNG format and result in a smaller file size than a lossy JPEG format.For example, a 640480 pixel image with 24-bit color would occupy almost a megabyte of space:64048024= 7,372,800bits = 921,600bytes = 900KiBWith vector images, the file size increases
only with the addition of more vectors.There are two types of image file compression algorithms: lossless and lossy.Lossless compression algorithms reduce file size while preserving a perfect copy of the original uncompressed image. Lossless compression generally, but not always, results in larger files than lossy compression. Lossless compression
should be used to avoid accumulating stages of re-compression when editing images.Lossy compression algorithms preserve a representation of the original uncompressed image that may appear to be a perfect copy, but is not a perfect copy. Often lossy compression is able to achieve smaller file sizes than lossless compression. Most lossy
compression algorithms allow for variable compression that trades image quality for file size.See also: Comparison of graphics file formats Technical detailsCategorization of common image file formats by scope (imagemap)Including proprietary types, there are hundreds of image file types. The PNG, JPEG, and GIF formats are most often used to
display images on the Internet. Some of these graphic formats are listed and briefly described below, separated into the two main families of graphics: raster and vector. Raster images are further divided into formats primarily aimed at (web) delivery (i.e., supporting relatively strong compression) versus formats primarily aimed at authoring or
interchange (uncompressed or only relatively weak compression).In addition to straight image formats, Metafile formats are portable formats that can include both raster and vector information. Examples are application-independent formats such as WMF and EMF. The metafile format is an intermediate format. Most applications open metafiles and
then save them in their own native format. Page description language refers to formats used to describe the layout of a printed page containing text, objects, and images. Examples are PostScript, PDF, and PCL.Further information: Raster graphicsJPEG (Joint Photographic Experts Group) is a lossy compression method; JPEG-compressed images are
usually stored in the JFIF (JPEG File Interchange Format) or the Exif (Exchangeable Image File Format) file format. The JPEG filename extension is JPG or JPEG. Nearly every digital camera can save images in the JPEG format, which supports eight-bit grayscale images and 24-bit color images (eight bits each for red, green, and blue). JPEG applies
lossy compression to images, which can result in a significant reduction of the file size. Applications can determine the degree of compression to apply, and the amount of compression affects the visual quality of the result. When not too great, the compression does not noticeably affect or detract from the image's quality, but JPEG files suffer
generational degradation when repeatedly edited and saved. (JPEG also provides lossless image storage, but the lossless version is not widely supported.)The GIF (Graphics Interchange Format) is in normal use limited to an 8-bit palette, or 256 colors (while 24-bit color depth is technically possible).[1][2] GIF is most suitable for storing graphics with
few colors, such as simple diagrams, shapes, logos, and cartoon-style images, as it uses LZW lossless compression, which is more effective when large areas have a single color and less effective for photographic or dithered images. Due to GIF's simplicity and age, it achieved almost universal software support. Due to its animation capabilities, it is still
widely used to provide image animation effects, despite its low compression ratio compared to modern video formats.The PNG (Portable Network Graphics) file format was created as a free, open-source alternative to GIF. The PNG file format supports 8-bit (256 colors) paletted images (with optional transparency for all palette colors) and 24-bit
truecolor (16 million colors) or 48-bit truecolor with and without an alpha channel while GIF supports only 8-bit palettes with a single transparent color.Compared to JPEG, PNG excels when the image has large, uniformly colored areas. Even for photographs where JPEG is often the choice for final distribution since its lossy compression typically
yields smaller file sizes PNG is still well-suited to storing images during the editing process because of its lossless compression.PNG provides a patent-free replacement for GIF (though GIF is itself now patent-free) and can also replace many common uses of TIFF. Indexed-color, grayscale, and truecolor images are supported, plus an optional alpha
channel. The Adam?7 interlacing allows an early preview, even when only a small percentage of the image data has been transmitteduseful in online viewing applications like web browsers. PNG can store gamma and chromaticity data, as well as ICC profiles, for accurate color matching on heterogeneous platforms.Animated formats derived from PNG
are MNG and APNG, which is backwards compatible with PNG and supported by most browsers.JPEG 2000 is a compression standard enabling both lossless and lossy storage. The compression methods used are different from the ones in standard JFIF/JPEG; they improve quality and compression ratios, but also require more computational power to
process. JPEG 2000 also adds features that are missing in JPEG. It is not nearly as common as JPEG but it is used currently in professional movie editing and distribution (some digital cinemas, for example, use JPEG 2000 for individual movie frames).WebP is an open image format released in 2010 that uses both lossless and lossy compression. It was
designed by Google to reduce image file size to speed up web page loading: its principal purpose is to supersede JPEG as the primary format for photographs on the web. WebP is based on VP8's intra-frame coding and uses a container based on RIFF.In 2011,[3] Google added an "Extended File Format" allowing WebP support for animation, ICC
profile, XMP and Exif metadata, and tiling.The support for animation allowed for converting older animated GIFs to animated WebP.The WebP container (i.e., RIFF container for WebP) allows feature support over and above the basic use case of WebP (i.e., a file containing a single image encoded as a VP8 key frame). The WebP container provides
additional support for:Lossless compression An image can be losslessly compressed, using the WebP Lossless Format.Metadata An image may have metadata stored in EXIF or XMP formats.Transparency An image may have transparency, i.e., an alpha channel.Color Profile An image may have an embedded ICC profile as described by the International
Color Consortium.Animation An image may have multiple frames with pauses between them, making it an animation.[4]Most typical raster formats cannot store HDR data (32 bit floating point values per pixel component), which is why some relatively old or complex formats are still predominant here, and worth mentioning separately. Newer
alternatives are showing up, though. RGBE is the format for HDR images originating from Radiance and also supported by Adobe Photoshop. JPEG-HDR is a file format from Dolby Labs similar to RGBE encoding, standardized as JPEG XT Part 2.JPEG XT Part 7 includes support for encoding floating point HDR images in the base 8-bit JPEG file using
enhancement layers encoded with four profiles (A-D); Profile A is based on the RGBE format and Profile B on the XDepth format from Trellis Management.The High Efficiency Image File Format (HEIF) is an image container format that was standardized by MPEG on the basis of the ISO base media file format. While HEIF can be used with any image
compression format, the HEIF standard specifies the storage of HEVC intra-coded images and HEVC-coded image sequences taking advantage of inter-picture prediction.AVIF is an image container, that is used to store AV1 encoded images. It was created by Alliance for open media (AOMedia) and is completely open source and royalty-free. It
supports encoding images in 8, 10 and 12-bit depth.JPEG XL is a royalty-free raster-graphics file format that supports both lossy and lossless compression. It supports reversible recompression of existing JPEG files, as well as high-precision HDR (up to 32-bit floating point values per pixel component). It is designed to be usable for both delivery and
authoring use cases.The TIFF (Tag Image File Format) format is a flexible format usually using either the TIFF or TIF filename extension. The tag structure was designed to be easily extendible, and many vendors have introduced proprietary special-purpose tags with the result that no one reader handles every flavor of TIFF file. TIFFs can be lossy or
lossless, depending on the technique chosen for storing the pixel data. Some offer relatively good lossless compression for bi-level (black&white) images. Some digital cameras can save images in TIFF format, using the LZW compression algorithm for lossless storage. TIFF image format is not widely supported by web browsers, but it remains widely
accepted as a photograph file standard in the printing business. TIFF can handle device-specific color spaces, such as the CMYK defined by a particular set of printing press inks. OCR (Optical Character Recognition) software packages commonly generate some form of TIFF image (often monochromatic) for scanned text pages.The BMP file format
(Windows bitmap) is a raster-based, device-independent file type designed in the early days of computer graphics. It handles graphic files within the Microsoft Windows OS. Typically, BMP files are uncompressed and therefore large and lossless; their advantage is their simple structure and wide acceptance in Windows programs.Netpbm format is a
family including the portable pixmap file format (PPM), the portable graymap file format (PGM), and the portable bitmap file format (PBM). These are either pure ASCII files or raw binary files with an ASCII header that provide very basic functionality and serve as a lowest common denominator for converting pixmap, graymap, or bitmap files between
different platforms. Several applications refer to them collectively as PNM ("Portable aNy Map").These image formats contain various images, layers and objects, out of which the final image is to be composedAFPhoto (Affinity Photo Document)CD5 (Chasys Draw Image)CLIP (Clip Studio Paint)CPT (Corel Photo Paint)KRA (Krita)MDP (Medibang and
FireAlpaca)[5]PDN (Paint Dot Net)PLD (PhotoLine Document)PSD (Adobe PhotoShop Document)PSP (Corel Paint Shop Pro)SAI (Paint Tool SAI)XCF (eXperimental Computing Facility format)native GIMP formatBPG (Better Portable Graphics)an image format from 2014. Its purpose is to replace JPEG when quality or file size is an issue. To that end, it
features a high data compression ratio, based on a subset of the HEVC video compression standard, including lossless compression. In addition, it supports various meta data (such as EXIF).DEEPIFF-style format used by TVPaintDRW (Drawn File) ECW (Enhanced Compression Wavelet)FITS (Flexible Image Transport System)FLIF (Free Lossless
Image Format)a discontinued lossless image format which claims to outperform PNG, lossless WebP, lossless BPG and lossless JPEG 2000 in terms of compression ratio. It uses the MANIAC (Meta-Adaptive Near-zero Integer Arithmetic Coding) entropy encoding algorithm, a variant of the CABAC (context-adaptive binary arithmetic coding) entropy
encoding algorithm.ICOcontainer for one or more icons (subsets of BMP and/or PNG)ILBMIFF-style format for up to 32 bit in planar representation, plus optional 64 bit extensionsIMG (ERDAS IMAGINE Image)IMG (Graphics Environment Manager (GEM) image file)planar, run-length encoded]PEG XRJPEG standard based on Microsoft HD PhotoNrrd
(Nearly raw raster data)PAM (Portable Arbitrary Map)late addition to the Netpbm familyPCX (PiCture eXchange)obsoletePGF (Progressive Graphics File)SGI (Silicon Graphics Image)native raster graphics file format for Silicon Graphics workstationsSID (multiresolution seamless image database, MrSID)Sun RasterobsoleteTGA (TARGA)obsoleteVICAR
file formatNASA/JPL image transport formatXISF (Extensible Image Serialization Format)[6]Further information: Vector graphicsAs opposed to the raster image formats above (where the data describes the characteristics of each individual pixel), vector image formats contain a geometric description which can be rendered smoothly at any desired
display size.At some point, all vector graphics must be rasterized in order to be displayed on digital monitors. Vector images may also be displayed with analog CRT technology such as that used in some electronic test equipment, medical monitors, radar displays, laser shows and early video games. Plotters are printers that use vector data rather than
pixel data to draw graphics.CGM (Computer Graphics Metafile) is a file format for 2D vector graphics, raster graphics, and text, and is defined by ISO/IEC 8632. All graphical elements can be specified in a textual source file that can be compiled into a binary file or one of two text representations. CGM provides a means of graphics data interchange
for computer representation of 2D graphical information independent from any particular application, system, platform, or device.It has been adopted to some extent in the areas of technical illustration and professional design, but has largely been superseded by formats such as SVG and DXF.The Gerber format (aka Extended Gerber, RS-274X) is a
2D bi-level image description format developed by Ucamco. It is the de facto standard format for printed circuit board or PCB software.[7]SVG (Scalable Vector Graphics) is an open standard created and developed by the World Wide Web Consortium to address the need (and attempts of several corporations) for a versatile, scriptable and all-purpose
vector format for the web and otherwise. The SVG format does not have a compression scheme of its own, but due to the textual nature of XML, an SVG graphic can be compressed using a program such as gzip. Because of its scripting potential, SVG is a key component in web applications: interactive web pages that look and act like
applications.AFDesign (Affinity Designer document)AI (Adobe Illustrator Artwork) proprietary file format developed by Adobe SystemsCDRproprietary format for CorelDRAW vector graphics editor! DRAWa native vector graphic format (in several backward compatible versions) for the RISC-OS computer system begun by Acorn in the mid-1980s and
still present on that platform todayDrawingMLused in Office Open XML documentsGEMmetafiles interpreted and written by the Graphics Environment Manager VDI subsystemGLE (Graphics Layout Engine)graphics scripting languageHP-GL (Hewlett-Packard Graphics Language)introduced on Hewlett-Packard plotters, but generalized into a printer
languageHVIF (Haiku Vector Icon Format)Lottieformat for vector graphics animationMathML (Mathematical Markup Language)an application of XML for describing mathematical notationsNAPLPS (North American Presentation Layer Protocol Syntax)ODG (OpenDocument Graphics)PGML (Precision Graphics Markup Language)a W3C submission
that was not adopted as a recommendationPSTricks and PGF/TikZ are languages for creating graphics in TeX documentsQCCused by Quilt Manager (by Quilt EZ) for designing quilts[8]ReGIS (Remote Graphic Instruction Set)used by DEC computer terminalsRemote imaging protocolsystem for sending vector graphics over low-bandwidth
linksTinyVGbinary, simpler alternative to SVG[9]VML (Vector Markup Language)obsolete XML-based formatXarformat used in vector applications from XaraXPS (XML Paper Specification)page description language and a fixed-document formatThis section may contain material not related to the topic of the article and should be moved to

List of file formats#Computer-aided design instead. Please help improve this section or discuss this issue on the talk page. (May 2021) (Learn how and when to remove this message)AMF Additive Manufacturing File FormatAsymptote A language that lifts TeX to 3D..blend BlenderCOLLADADGN.dwf.dwg.dxfeDrawings[10].flt OpenFlightFVRML and
FX3D, function-based extensions of VRML and X3DgITF - 3D asset delivery format (.glb binary version)HSF[11]IGES]JT.MA (Maya ASCII format)[12].MB (Maya Binary format)[13].0B] WavefrontOpenGEX Open Game Engine ExchangePLYPOV-Ray scene description languagePRCSTEPSKPSTL A stereolithography formatU3D Universal 3D file
formatVRML Virtual Reality Modeling LanguageXAMLXGL[14]XVLxVRMLX3D3DF[15].3DM[16].3ds Autodesk 3D Studio3DXMLX3D Vector format used in 3D applications from XaraSee also: MetafileThese are formats containing both pixel and vector data, possible other data, e.g. the interactive features of PDF.EPS (Encapsulated PostScript)yMODCA
(Mixed Object:Document Content Architecture)PDF (Portable Document Format)PostScript, a page description language with strong graphics capabilitiesPICT (Classic Macintosh QuickDraw file)WMF / EMF (Windows Metafile / Enhanced Metafile)SWF (Shockwave Flash)XAML User interface language using vector graphics for images.MPO The Multi
Picture Object (.mpo) format consists of multiple JPEG images (Camera & Imaging Products Association) (CIPA).PNS The PNG Stereo (.pns) format consists of a side-by-side image based on PNG (Portable Network Graphics).JPS The JPEG Stereo (.jps) format consists of a side-by-side image format based on JPEG.Display resolutionDisplay aspect
ratioList of common display resolutionsDisplay resolution standards”™ Andreas Kleinert (2007). "GIF 24 Bit (truecolor) extensions". Archived from the original on 16 March 2012. Retrieved 23 March 2012.” Philip Howard. "True-Color GIF Example". Archived from the original on 22 February 2015. Retrieved 23 March 2012.” Arora, Vikas (3 October
2011). "WebP-Mux (RIFF based container) framework". Google Groups. Archived from the original on 13 March 2013. Retrieved 18 November 2011.” "WebP Container Specification". Google Developers. Archived from the original on 18 May 2022. Retrieved 4 April 2020. Text was copied from this source, which is available under a Creative Commons
Attribution 4.0 International License Archived 2017-10-16 at the Wayback Machine.”™ ".MDP File Extension". Retrieved 2025-05-01.” "XISF". Retrieved 2025-05-01.” "Gerber File Format Specification". Ucamco. Archived from the original on 2016-03-31. Retrieved 2016-03-21.” ".QCC File Extension". Retrieved 2025-05-01.” "TinyVG". Archived from
the original on 2023-01-09. Retrieved 2023-01-31.” "Frequently Asked Questions". Retrieved 2025-05-01.” ".HSF File Extension". Retrieved 2025-05-01.” "What is an MA file?". Retrieved 2025-05-01.” "What is an MB file?". Retrieved 2025-05-01.” "XGL Guide for CAD Interoperability: Optimal Visualization and Conversion of 3D Models". Retrieved
2025-05-01.” ".3DF File Extension". Retrieved 2025-05-01.” "3D Model File Format Family". Retrieved 2025-05-01.Retrieved from " Are you having problems opening a PNG file or are you simply curious about its contents? We're here to explain the properties of these files and provide you with software that can open or handle your PNG files. What is
a PNG file?PNG files have multiple uses, and Portable Network Graphics Image is one of them. Read more about the other uses further down the page. Portable Network Graphics ImagePNG files are similar to JPEG and GIF files. However, PNG files use a lossless compression algorithm which, unlike GIF, is patent-free. Lossless compression reduces
the image size while retaining the image quality, where lossy image compression removes data from the image to reduce its size.Is PNG better than GIF?GIF uses a patented compression algorithm, so if you want to use your image publicly without worry, PNG is the way to go. Another difference from GIF files, which can only provide fully transparent
or fully opaque pixels, is that PNG files provide alpha-channel transparency. This means that a pixel can be assigned any percentage of transparency, which provides a smooth look when the image needs to blend in with the background, e.g., on a web page.Is PNG better than JPEG?Normally PNG and JPEG files are used for different purposes. For
example, PNG is great for graphics where part of the image needs to be transparent, e.g., for use on web pages or in layouts where, e.g., a product picture is placed over a background image. On the other hand, JPEG is excellent for digital photographs as the compression JPEG uses is often better, resulting in smaller photo files. JPEG uses lossy
compression, though, so image quality will be reduced depending on the compression level.Can PNG files be animated?While PNG files cannot be animated like GIF files can, the MNG file format (a file format related to PNG) does offer animation capabilities. You may come across an "animated PNG file", which is actually an MNG file given the wrong
file extension. How to open PNG filesWe have identified nine PNG openers that are compatible with this specific type of PNG file.Programs that open Portable Network Graphics Image files Last updated: January 22, 2025 PNG (Portable Network Graphics) is an image format known for its lossless compression and support for transparent backgrounds.
PNG files are commonly used for graphics, logos, and images where preserving sharp edges and transparency is crucial. They are well-suited for web graphics and digital design. How to open a PNG file in Windows 10? Windows 10 has some built-in tools for image viewing and editing. Besides, you can also use reliable third-party applications to open
the file with PNG format. What are these tools and applications? You can get the answer in this post provided by MiniTool Partition Wizard.PNG and JPG are the most common formats for images. PNG is a lossless compression file format, and users on the web often it. Do you know how to open a PNG file? Actually, there are various methods and some
of them are listed below. You can choose one that you are interested in to have a try.Method 1: Use a Built-in Tool in Windows 10When you install Windows 10, there will be many applications coming with it. Now, lets see how to open a .png file with a built-in tool.Option 1: Use Microsoft PhotosMicrosoft Photos is an image organizer, graphics editor,
and video editor provided by Microsoft. It was first included in Windows 8 as a replacement for Windows Photo Viewer. Generally, it comes with Windows 10 operating system. If you cant find the tool on your PC, you can download one from Microsoft Store for free.How to open a PNG file on Windows 10 by using Microsoft Photos? Here are two
ways:You can right-click the PNG file and select Open with > Photos.You can also press Win + S to open Search utility, search for Photos and open it. Then click Import > From a folder to import your pictures to Microsoft Photos and then double-click the target PNG file to view it.Option 2: Use Microsoft PaintMicrosoft Paint is another built-in raster
graphics editor in many versions of Microsoft Windows, including Windows 10. It enables users to open and save files in various formats, such as Windows bitmap (BMP), JPEG, PNG, GIF, and TIFF. As this tool is easy to operate, it becomes one of the most popular built-in applications for image viewing and editing.It is also free-to-use. Similar to
Microsoft Photos, there are three ways to open a specific PNG file with Microsoft Paint:Right-click the target file of PNG format and select Open with > Paint.Search for Paint to access this tool. Then click File > Open and select the target file in the pop-up window.In Paint app, press Ctrl + O and select the target file.In addition to Microsoft Photos
and Paint, there are also many other similar tools provided by Microsoft, such as Paint 3D and Windows Photo Gallery. You can also use them to open a PNG file.Method 2: Use a Web BrowserYou can also open a PNG file with your favorite web browser, such as Microsoft Edge, Google Chrome, Firefox, etc.You just need to right-click the PNG file and
select Open with. In the pop-up menu, choose the browser that you want to use to open the file. Then you can view this file with PNG format in the pop-up window.If you dont find the browser you want to use after clicking the Open with option, you should click Choose another app > More apps > Look for another app on this PC. Then navigate to the
installation folder of the browser and select the app to open your PNG file.Alternatively, you can simply open the PNG file by dragging and dropping the file to your browser.Method 3: Use a Third-party Graphics EditorThere are many professional third-party applications which are designed to edit images, such as Adobe Photoshop, File Viewer Plus,
FastStone Image Viewer, IrfanView, etc. Photoshop might be the most popular one. If you are interested in anyone of them, you can also open your PNG file with it. Share copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even
commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix,
transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the
public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. PNG files offer certain advantages over other
common file formats. wundervisuals/Getty Images This story is available exclusively to Business Insider subscribers. Become an Insider and start reading now. PNG, short for Portable Network Graphics, is a popular and high-quality graphic file format. The PNG format is both lossless and supports transparency, making it great for webpages. You can
view PNG files in almost any graphic program, image viewer, and web browser. PNG is a popular graphic file format, perhaps second only to JPG today. It has a few advantages over JPG and is easy to work with because it's widely supported. Here's what you need to know. What is a PNG file? PNG, short for Portable Network Graphics, is a high-
quality graphic file format that you can view in almost any graphic program, image viewer, or web browser. The PNG format is an alternative to the slightly better-known JPG file. While JPG is the format of choice for consumers, especially for storing images in digital cameras, PNG is more popular among professionals in web design, and in fact is the
successor to the now largely obsolete GIF format. Here are the main characteristics of the PNG format. Format of choice on the web: Many websites rely on PNG for rendering images on its webpages. Lossless: Unlike many other file formats, including JPG, PNG uses a lossless compression algorithm that results in a high image quality. Supports
transparency: PNG allows you to specify a transparent background, which is essential for illustrators and graphic designers. This allows irregular images, illustrations, and logos to sit on top of a background color. No animation: Unlike the older GIF format (which is also lossless), PNG images don't support looping animations. PNG images can have a
transparent background which lets the subject float over whatever background they're placed on. Dave Johnson How to open PNG files There is simply no shortage of ways to view and use PNG files it's a common standard file format and is supported by virtually every major web browser, file viewer, graphic and photo program for Windows and Mac.
That means if you want to view a PNG file, you simply need to double-click it and it should open in the default viewer on your computer. You can also view a PNG file by dragging it into any web browser (or use CTRL + O to browse for the file and then open it in a browser). Double-click a PNG to open it in the default Windows image viewer. Dave
Johnson The list of programs that can display PNG files is almost endless, but here is a short list of options: How to convert PNG files While the PNG format is common enough that you should have no trouble using, viewing and sharing it in that format, you might want to occasionally convert it to another format. A JPG version of the same image can
be substantially smaller, for example, making it easier to share. The good news is that almost any graphics program that displays a PNG file will let you convert it to another format like JPG, and for the most part, they all work essentially the same way. For example, here is how to convert a PNG file in Microsoft Paint: 1. In Paint, open the PNG file you
want to convert. 2. Click File, then Save As and choose the format you want to convert the image into, such as JPG. 3. Name the file and click Save. You can convert a PNG to another format using the Save As command in your Photo editor. Dave Johnson You can also use a free online file converter like Convertio. To use Convertio: 1. Click Choose
Files and select your PNG file. 2. In the dropdown menu to the right of to, choose the file format you want to convert it to (such as JPG). 3. Click Convert. 4. After a moment, the file will be completed. Click Download and save the file to your computer. Convertio is an easy way to convert PNG files in a web browser. Dave Johnson A white circle with a
black border surrounding a chevron pointing up. It indicates 'click here to go back to the top of the page.' Readers help support Windows Report. We may get a commission if you buy through our links. Read our disclosure page to find out how can you help Windows Report sustain the editorial team. Read more Key notes If you ever wondered how to
open a PNG file in Windows 10/11, then a great image viewer is what you need.With Adobe Photoshop you can even do some great editing on this picture format.FileViewer Plus4 is a great software that supports over 300 image types.The PNG file opener youre looking for should also allow you to manage your photos. A PNG file is one of the most
popular bitmap image formats used today as it is a lossless data compression format created to replace the GIF image formats, though PNG files dont support animations. PNG, which is an abbreviation for Portable Graphics Format, has no copyright limitations and comes with great features like the ability to display transparent backgrounds. It also
contains 24-bit RGB color palettes (plus grayscale images), and it contains high-quality graphics. Besides sharing graphics content online, PNG images are also used a lot with image editors like CorelDraw and PaintShop Pro, among many others. There are multiple ways you can use to view and/or open PNG files. Some involve using built-in apps on
your PC, opening the files on the browser, or installing third-party PNG file opener software. We will start by describing the built-in options you have at your disposal. Read on to find out all about the best PNG viewers. The Windows 10 Photos program can be easily used to open PNG files. It comes pre-installed with Windows, therefore is perfectly
safe to use and will get the job done in no time.Basically, all you need to do is choose to open the file with the Photos app when you select from the list of file openers.1. Navigate to the file location of your PNG file.2. Right-click on the file to open a menu with multiple options.3. Hover your mouse over the Open with option.4. Select Photos from the
list of available file openers.5. Your PNG file is now open in the Windows Photos app. Web browsers, including Internet Explorer and/or Microsoft Edge, among others, automatically view PNG files from the internet, but can also be used to open them. You can open a PNG file in the browser in two different ways, as shown below. Open your preferred
web browser on your PC.Navigate to the file location of your PNG file.Select the file, then drag and drop it onto your browser. Launch your preferred web browser.Press CTRL+0 and browse your PC for the PNG file.Select it and then click on Open. If you cannot open PNG files in Windows 10, check out our dedicated article to find out what to do. The
worlds best imaging and graphic design software is the natural choice when it comes to photo editing and graphic design solutions. Since graphics file formats differ in the way they render image data as pixels or vectors, Photoshop supports different compression formats: Formats for 16-bit images (Large Document Format (PSB), Cineon, DICOM,
IFF, JPEG, JPEG 2000, Photoshop PDF, Photoshop Raw, PNG, Portable Bit Map, and TIFF) Formats for 32-bit images (Photoshop, Large Document Format (PSB), OpenEXR, Portable Bitmap, Radiance, and TIFF) You can crop the image, remove objects, retouch the image (color and effects), and even combine photos. With this advanced software, you
get unlimited layers, masks, or paint brushes. One of the best perks is that it provides cross-platform functionality(iPad to desktop). With this tool, you can remove lens blur and make the best of the Improved Content-Aware Fill feature. Make the best of your photos and images with the Enhanced Transform Warp function that adds a touch of
originality to your visuals. Adobe PhotoshopCreate professional visuals with an excellent editor that allows you to make the best of your photos! FileViewer Plus is an extremely powerful software that will open over 300 file formats including all the most popular image formats. You will be able to open, convert and edit PNG, TIF, JPEG, ICO BMP, TIFF,
RAW files directly in its interface. The best thing so far about this tool is that it can be used not only on images. You can also open and edit video and text formats without having to download various converters that may harm your PC. FileViewer Plus 4Create exciting images, edit videos with a complex software that can help you achieve great results!
This tool is a certified PNG file viewer that comes with a variety of features including image editing, viewing, and management. You can also use it to view PNG files. You also get great features such as a slideshow and other transitional effects. It is worth mentioning that this software also supports the following formats: PNG, JPEG, BMP, TIFF, ICO,
GIF, TGA, and most RAW formats. With this tool, you can also compare up to 4 images side by side at a go, so you can modify your photos for better viewing. It is also free to download and use, plus you dont get the silly ad popups, adware, or spyware that come with using free apps. Download FastStone XnView is another great PNG reader. You can
also use it to convert images as it supports over 500 image formats. If you need an image editor, XnView is up to the task. You can also edit images, resize, rotate, and crop pictures or adjust brightness and contrast, among other things. The tool lets you export 70 image formats, and create slideshows, webpages, and so much more. Download XnView
Any time youre wondering how to open PNG files in Windows 10 then this tool is built to do just that in addition to many other awesome functions, like creating interesting features for your graphics. Besides viewing PNG photos, it also supports filters from Adobe Photoshop. You can use it to open PNG files, do file searches, email and print options,
batch conversions for advanced image processing, or fast view through directories. Youll definitely enjoy thePaint option or the blurring feature. It also allows you to capture screenshots, change cut/crop, and add watermarks plus much more. Download IrfanView As mentioned, there are many other ways to open PNG files, especially using software
and standalone file openers. Some of the most common ones include Google Drive and gThumb. The best for editing, though, is the XnView software mentioned above, plus Paint (included with Windows), GIMP, and Adobe Photoshop. You can set either of these programs to be your default one to open PNG files in Windows 10. Read more about this
topic If you want to convert a PNG file, you can use different image file converters that can change it to JPG, PDF, GIF, BMP, or TIF, among other formats, and open the files. Some of these image converter software include FileZigZag and Zamzar, which are online PNG converters. You can also use any of the image viewers mentioned above, to
convert your PNG file on your Windows 10/11 PC and open it for viewing or editing. For example, you can convert a PNG file to ICO, as shown in our dedicated article. PNG files are not necessarily used in every type of scenario as some can be too large and take up much space on your disk or are too large to attach to email, while others can slow
down web pages from opening. Before you open or convert one, think about the image quality, and space or web page loading, but the beauty is that the quality of the image in PNG format doesnt diminish because the file format doesnt compress the image itself, unlike JPG format. Do you have other ways not listed here how to open PNG files in
Windows 10? Share with us in the comments section below. Family of lossless-compression image file formatsThis article is about the file format. For the country, see Papua New Guinea. For other uses, see PNG (disambiguation).Portable Network GraphicsA PNG image of four differently colored dice with an 8-bit transparency channel, overlaid onto
a checkered background, typically used in graphics software to indicate transparencyFilename extension.pngInternet mediatypeimage/pngType codePNGfPNG (including a single trailing space)Uniform Type Identifier(UTI)public.pngUTIconformationpublic.imageMagic number89 50 4e 47 0d Oa la Oa (8 bytes Hexadecimal)DevelopedbyPNG
Development Group (donated to W3C)Initial release1October 1996; 28 years ago(1996-10-01)Type of formatLossless bitmap image formatExtendedtoAPNG, JNG, and MNGStandardISO/IEC 15948,[1] IETF RFC 20830pen format?Yes Zlib/libpng license[2]Websitewww.w3.org/TR/png/ (specification)libpng.org/pub/png/ (home site)Portable Network
Graphics (PNG, officially pronounced /p/[3][4] PING, colloquially pronounced /pindi/[5] PEE-en-JEE) is a raster-graphics file format that supports lossless data compression.[6] PNG was developed as an improved, non-patented replacement for Graphics Interchange Format (GIF).PNG supports palette-based images (with palettes of 24-bit RGB or 32-bit
RGBA colors), grayscale images (with or without an alpha channel for transparency), and full-color non-palette-based RGB or RGBA images. The PNG working group designed the format for transferring images on the Internet, not for professional-quality print graphics; therefore, non-RGB color spaces such as CMYK are not supported. A PNG file
contains a single image in an extensible structure of chunks, encoding the basic pixels and other information such as textual comments and integrity checks documented in RFC 2083.[7]PNG files have the ".png" file extension and the "image/png" MIME media type.[8]PNG was published as an informational RFC 2083 in March 1997 and as an ISO/IEC
15948 standard in 2004.[1]See also: Graphics Interchange Format Unisys and LZW patent enforcementThe motivation for creating the PNG format was the announcement on 28 December 1994 that implementations of the Graphics Interchange Format (GIF) format would have to pay royalties to Unisys due to their patent of the LempelZivWelch
(LZW) data compression algorithm used in GIF.[9] This led to a flurry of criticism from Usenet users. One of them was Thomas Boutell, who on 4 January 1995 posted a precursory discussion thread on the Usenet newsgroup "comp.graphics" in which he devised a plan for a free alternative to GIF. Other users in that thread put forth many propositions
that would later be part of the final file format. Oliver Fromme, author of the popular JPEG viewer QPEG, proposed the PING name, eventually becoming PNG, a recursive acronym meaning PING is not GIF,[10] and also the .png extension. Other suggestions later implemented included the deflate compression algorithm and 24-bit color support, the
lack of the latter in GIF also motivating the team to create their file format. The group would become known as the PNG Development Group, and as the discussion rapidly expanded, it later used a mailing list associated with a CompuServe forum.[3][11]The full specification of PNG was released under the approval of W3C on 1 October 1996, and
later as RFC 2083 on 15 January 1997. The specification was revised on 31 December 1998 as version 1.1, which addressed technical problems for gamma and color correction. Version 1.2, released on 11 August 1999, added the iTXt chunk as the specification's only change, and a reformatted version of 1.2 was released as a second edition of the
W3C standard on 10 November 2003,[12] and as an International Standard (ISO/TIEC 15948:2004) on 3 March 2004.[13][1]Although GIF allows for animation, it was initially decided that PNG should be a single-image format.[14] In 2001, the developers of PNG published the Multiple-image Network Graphics (MNG) format, with support for animation.
MNG achieved moderate application support, but not enough among mainstream web browsers and no usage among web site designers or publishers. In 2008, certain Mozilla developers published the Animated Portable Network Graphics (APNG) format with similar goals. APNG is a format that is natively supported by Gecko- and Presto-based web
browsers and is also commonly used for thumbnails on Sony's PlayStation Portable system (using the normal PNG file extension). In 2017, Chromium based browsers adopted APNG support. In January 2020, Microsoft Edge became Chromium based, thus inheriting support for APNG. With this all major browsers now support APNG.The original PNG
specification was authored by an ad hoc group of computer graphics experts and enthusiasts. Discussions and decisions about the format were conducted by email. The original authors listed on RFC 2083 are:[15]Editor: Thomas BoutellContributing Editor: Tom LaneAuthors (in alphabetical order by last name): Mark Adler, Thomas Boutell, Christian
Brunschen, Adam M. Costello, Lee Daniel Crocker, Andreas Dilger, Oliver Fromme, Jean-loup Gailly, Chris Herborth, Aleks Jakulin, Neal Kettler, Tom Lane, Alexander Lehmann, Chris Lilley, Dave Martindale, Owen Mortensen, Keith S. Pickens, Robert P. Poole, Glenn Randers-Pehrson, Greg Roelofs, Willem van Schaik, Guy Schalnat, Paul Schmidt, Tim
Wegner, Jeremy WohlThe PNG image viewed with a hex editor application for UbuntuA PNG file starts with an eight-byte signature[16] (refer to hex editor image on the right):Values (hex)Purpose89Has the high bit set to detect transmission systems that do not support 8-bit data and to reduce the chance that a text file is mistakenly interpreted as a
PNG, or vice versa.504E47In ASCII, the letters PNG, allowing a person to identify the format easily if it is viewed in a text editor.0D 0AA DOS-style line ending (CRLF) to detect DOS-Unix line ending conversion of the data.1AA byte that stops display of the file under DOS when the command type has been usedthe end-of-file character.0AA Unix-style
line ending (LF) to detect Unix-DOS line ending conversion.After the header, comes a series of chunks,[17] each of which conveys certain information about the image. Chunks declare themselves as critical or ancillary, and a program encountering an ancillary chunk that it does not understand can safely ignore it. This chunk-based storage layer
structure, similar in concept to a container format or to Amiga's IFF, is designed to allow the PNG format to be extended while maintaining compatibility with older versionsit provides forward compatibility, and this same file structure (with different signature and chunks) is used in the associated MNG, JNG, and APNG formats.A chunk consists of
four parts: length (4 bytes,[18] big-endian), chunk type/name (4 bytes[19]), chunk data (length bytes) and CRC (cyclic redundancy code/checksum; 4 bytes[18]). The CRC is a network-byte-order CRC-32 computed over the chunk type and chunk data, but not the length.LengthChunk typeChunk dataCRC4 bytes4 bytesLength bytes4 bytesChunk types
are given a four-letter case sensitive ASCII type/name; compare FourCC. The case of the different letters in the name (bit 5 of the numeric value of the character) is a bit field that provides the decoder with some information on the nature of chunks it does not recognize.The case of the first letter indicates whether the chunk is critical or not. If the
first letter is uppercase, the chunk is critical; if not, the chunk is ancillary. Critical chunks contain information that is necessary to read the file. If a decoder encounters a critical chunk it does not recognize, it must abort reading the file or supply the user with an appropriate warning.The case of the second letter indicates whether the chunk is
"public" (either in the specification or the registry of special-purpose public chunks) or "private" (not standardized). Uppercase is public and lowercase is private. This ensures that public and private chunk names can never conflict with each other (although two private chunk names could conflict).The third letter must be uppercase to conform to the
PNG specification. It is reserved for future expansion. Decoders should treat a chunk with a lower case third letter the same as any other unrecognized chunk.The case of the fourth letter indicates whether the chunk is safe to copy by editors that do not recognize it. If lowercase, the chunk may be safely copied regardless of the extent of modifications
to the file. If uppercase, it may only be copied if the modifications have not touched any critical chunks.A decoder must be able to interpret critical chunks to read and render a PNG file.IHDR must be the first chunk; it contains (in this order) the image'swidth (4 bytes)height (4 bytes)bit depth (1 byte, values 1, 2, 4, 8, or 16)color type (1 byte, values 0,
2, 3, 4, or 6)compression method (1 byte, value 0)filter method (1 byte, value 0)interlace method (1 byte, values 0 "no interlace" or 1 "Adam?7 interlace") (13 data bytes total).[12]As stated in the World Wide Web Consortium, bit depth is defined as "the number of bits per sample or per palette index (not per pixel)".[12]PLTE contains the palette: a list
of colors.IDAT contains the image, which may be split among multiple IDAT chunks. Such splitting slightly increases the file size, but makes it possible to generate a PNG in a streaming manner. The IDAT chunk contains the actual image data, which is the output stream of the compression algorithm.[20]JIEND marks the image end; the data field of
the IEND chunk has 0 bytes/is empty.[21]The PLTE chunk is essential for color type 3 (indexed color). It is optional for color types two and six (truecolor and truecolor with alpha) and it must not appear for color types 0 and 4 (grayscale and grayscale with alpha).Other image attributes that can be stored in PNG files include gamma values,
background color, and textual metadata information. PNG also supports color management through the inclusion of ICC color profiles.[22]bKGD gives the default background color. It is intended for use when there is no better choice available, such as in standalone image viewers (but not web browsers; see below for more details).cHRM gives the
chromaticity coordinates of the display primaries and white point.cICP specifies the color space, transfer function and matrix coefficients as defined in ITU-T H.273.[23] It is intended for use with HDR imagery without requiring a color profile.[24]dSIG is for storing digital signatures.[25]eXIf stores Exif metadata.[26]gAMA specifies gamma. The gAMA
chunk contains only 4 bytes, and its value represents the gamma value multiplied by 100,000; for example, the gamma value 1/3.4 calculates to 29411.7647059 ((1/3.4)*(100,000)) and is converted to an integer (29412) for storage.[27]hIST can store the histogram, or total amount of each color in the image.iCCP is an ICC color profile.iTXt contains a
keyword and UTF-8 text, with encodings for possible compression and translations marked with language tag. The Extensible Metadata Platform (XMP) uses this chunk with a keyword 'XML:com.adobe.xmp'pHYs holds the intended pixel size (or pixel aspect ratio); the pHYs contains "Pixels per unit, X axis" (4 bytes), "Pixels per unit, Y axis" (4 bytes),
and "Unit specifier" (1 byte) for a total of 9 bytes.[28]sBIT (significant bits) indicates the color-accuracy of the source data; this chunk contains a total of between 1 and 5 bytes, depending on the color type.[29][30][31]sPLT suggests a palette to use if the full range of colors is unavailable.sRGB indicates that the standard sRGB color space is used; the
sRGB chunk contains only 1 byte, which is used for "rendering intent" (4 valuesO, 1, 2, and 3are defined for rendering intent).[32]sSTER stereo-image indicator chunk for stereoscopic images.[33]tEXt can store text that can be represented in ISO/IEC 8859-1, with one key-value pair for each chunk. The "key" must be between one and 79 characters
long. Separator is a null character. The "value" can be any length, including zero up to the maximum permissible chunk size minus the length of the keyword and separator. Neither "key" nor "value" can contain null character. Leading or trailing spaces are also disallowed.tIME stores the time that the image was last changed.tRNS contains
transparency information. For indexed images, it stores alpha channel values for one or more palette entries. For truecolor and grayscale images, it stores a single pixel value that is to be regarded as fully transparent.zZTXt contains compressed text (and a compression method marker) with the same limits as tEXt.The lowercase first letter in these
chunks indicates that they are not needed for the PNG specification. The lowercase last letter in some chunks indicates that they are safe to copy, even if the application concerned does not understand them.Allowed combinations of color type and bit depth[12]Color typeChannelsBits per channel124816Indexed11248Grayscalel1124816Grayscale and
alpha21632Truecolor32448Truecolor and alpha43264Pixels in PNG images are numbers that may be either indices of sample data in the palette or the sample data itself. The palette is a separate table contained in the PLTE chunk. Sample data for a single pixel consists of a tuple of between one and four numbers. Whether the pixel data represents
palette indices or explicit sample values, the numbers are referred to as channels and every number in the image is encoded with an identical format.The permitted formats encode each number as an unsigned integer value using a fixed number of bits, referred to in the PNG specification as the bit depth. Notice that this is not the same as color
depth, which is commonly used to refer to the total number of bits in each pixel, not each channel. The permitted bit depths are summarized in the table along with the total number of bits used for each pixel.The number of channels depends on whether the image is grayscale or color and whether it has an alpha channel. PNG allows the following
combinations of channels, called the color type.A demonstration of the color depth in a PNG file, in bits per channel. Left: 8 bits; Right: 16 bits. Note the artifacts, adjusted contrast for clarity.0 (0002)grayscale2 (0102)red, green and blue: rgb/truecolor3 (0112)indexed: channel containing indices into a palette of colors4 (1002)grayscale and alpha:
level of opacity for each pixel6 (1102)red, green, blue and alphaThe color type is specified as an 8-bit value however only the low three bits are used and, even then, only the five combinations listed above are permitted. So long as the color type is valid it can be considered as a bit field as summarized in the adjacent table:PNG color typesColor
typeNameBinaryMasksACPOGrayscale00002Truecolor0010color3Indexed0011color, palette4Grayscale and alpha0O100alpha6Truecolor and alpha0110alpha, colorbit value 1: the image data stores palette indices. This is only valid in combination with bit value 2;bit value 2: the image samples contain three channels of data encoding trichromatic colors,
otherwise the image samples contain one channel of data encoding relative luminance,bit value 4: the image samples also contain an alpha channel expressed as a linear measure of the opacity of the pixel. This is not valid in combination with bit value 1.With indexed color images, the palette always stores trichromatic colors at a depth of 8 bits per
channel (24 bits per palette entry). Additionally, an optional list of 8-bit alpha values for the palette entries may be included; if not included, or if shorter than the palette, the remaining palette entries are assumed to be opaque. The palette must not have more entries than the image bit depth allows for, but it may have fewer (for example, if an image
with 8-bit pixels only uses 90 colors then it does not need palette entries for all 256 colors). The palette must contain entries for all the pixel values present in the image.The standard allows indexed color PNGs to have 1, 2, 4 or 8 bits per pixel; grayscale images with no alpha channel may have 1, 2, 4, 8 or 16 bits per pixel. Everything else uses a bit
depth per channel of either 8 or 16. The combinations this allows are given in the table above. The standard requires that decoders can read all supported color formats, but many image editors can only produce a small subset of them.PNG offers a variety of transparency options. With true-color and grayscale images either a single pixel value can be
declared as transparent or an alpha channel can be added (enabling any percentage of partial transparency to be used). For paletted images, alpha values can be added to palette entries. The number of such values stored may be less than the total number of palette entries, in which case the remaining entries are considered fully opaque.The
scanning of pixel values for binary transparency is supposed to be performed before any color reduction to avoid pixels becoming unintentionally transparent. This is most likely to pose an issue for systems that can decode 16-bits-per-channel images (as is required for compliance with the specification) but only output at 8 bits per channel (the norm
for all but the highest end systems).Alpha storage can be "associated" ("premultiplied") or "unassociated", but PNG standardized[34] on "unassociated" ("non-premultiplied") alpha, which means that imagery is not alpha encoded; the emissions represented in RGB are not the emissions at the pixel level. This means that the over operation will multiply
the RGB emissions by the alpha, and cannot represent emission and occlusion properly.PNG uses a two-stage compression process:pre-compression: filtering (prediction)compression: DEFLATEPNG uses DEFLATE, a non-patented lossless data compression algorithm involving a combination of LZ77 and Huffman coding. Permissively licensed
DEFLATE implementations, such as zlib, are widely available.Compared to formats with lossy compression such as JPEG, choosing a compression setting higher than average delays processing, but often does not result in a significantly smaller file size.PNG's filter method 0 can use the data in pixels A, B, and C to predict the value for X.A PNG with
256 colors, which is only 251 bytes large with pre-filter. The same image as a GIF would be more than thirteen times larger.Before DEFLATE is applied, the data is transformed via a prediction method: a single filter method is used for the entire image, while for each image line, a filter type is chosen to transform the data to make it more efficiently
compressible.[35] The filter type used for a scanline is prepended to the scanline to enable inline decompression.There is only one filter method in the current PNG specification (denoted method 0), and thus in practice the only choice is which filter type to apply to each line. For this method, the filter predicts the value of each pixel based on the
values of previous neighboring pixels, and subtracts the predicted color of the pixel from the actual value, as in DPCM. An image line filtered in this way is often more compressible than the raw image line would be, especially if it is similar to the line above, since the differences from prediction will generally be clustered around O, rather than spread
over all possible image values. This is particularly important in relating separate rows, since DEFLATE has no understanding that an image is a 2D entity, and instead just sees the image data as a stream of bytes.There are five filter types for filter method 0; each type predicts the value of each byte (of the image data before filtering) based on the
corresponding byte of the pixel to the left (A), the pixel above (B), and the pixel above and to the left (C) or some combination thereof, and encodes the difference between the predicted value and the actual value. Filters are applied to byte values, not pixels; pixel values may be one or two bytes, or several values per byte, but never cross byte
boundaries. The filter types are:[36]Type byteFilter namePredicted valueONoneZero (so that the raw byte value passes through unaltered)1SubByte A (to the left)2UpByte B (above)3AverageMean of bytes A and B, rounded down4PaethA, B, or C, whichever is closest to p = A + B CThe Paeth filter is based on an algorithm by Alan W. Paeth.
[37]Compare to the version of DPCM used in lossless JPEG, and to the discrete wavelet transform using 1 2, 2 1, or (for the Paeth predictor) 2 2 windows and Haar wavelets.Compression is further improved by choosing filter types adaptively on a line-by-line basis. This improvement, and a heuristic method of implementing it commonly used by PNG-
writing software, were created by Lee Daniel Crocker, who tested the methods on many images during the creation of the format;[38] the choice of filter is a component of file size optimization, as discussed below.If interlacing is used, each stage of the interlacing is filtered separately, meaning that the image can be progressively rendered as each
stage is received; however, interlacing generally makes compression less effective.An illustration of Adam?7 interlacing over a 1616 imagePNG offers an optional 2-dimensional, 7-pass interlacing schemethe Adam?7 algorithm. This is more sophisticated than GIF's 1-dimensional, 4-pass scheme, and allows a clearer low-resolution image to be visible
earlier in the transfer, particularly if interpolation algorithms such as bicubic interpolation are used.[39]However, the 7-pass scheme tends to reduce the data's compressibility more than simpler schemes.An APNG (animated PNG) file (displays as static image in some web browsers)The core PNG format does not support animation. MNG is an
extension to PNG that does; it was designed by members of the PNG Group. MNG shares PNG's basic structure and chunks, but it is significantly more complex and has a different file signature, which automatically renders it incompatible with standard PNG decoders. This means that most web browsers and applications either never supported MNG
or dropped support for it.The complexity of MNG led to the proposal of APNG by developers at the Mozilla Foundation. It is based on PNG, supports animation and is simpler than MNG. APNG offers fallback to single-image display for PNG decoders that do not support APNG. Today, the APNG format is supported by all major web browsers.[40] APNG
is supported in Firefox 3.0 and up, Pale Moon (all versions), and Safari 8.0 and up.[41] Chromium 59.0 added APNG support,[42][43] followed by Google Chrome. Opera supported APNG in versions 1012.1, but support lapsed in version 15 when it switched to the Blink rendering engine; support was re-added in Opera 46 (inherited from Chromium
59).[44] Microsoft Edge has supported APNG since version 79.0, when it switched to a Chromium-based engine.The PNG Group decided in April 2007 not to embrace APNG.[45] Several alternatives were under discussion, including ANG, aNIM/mPNG, "PNG in GIF" and its subset "RGBA in GIF".[46] However, currently only APNG has widespread
support.With the development of the Third Edition of the PNG Specification, now maintained by the PNG working group,[47] APNG will finally be incorporated into the specification as an extension.[48]Structure of a very simple PNG file89 50 4E 47 0D OA 1A 0APNG signaturel[HDRImage headerIDATImage datal[ENDImage endContents of a minimal
PNG file representing one red pixelHexAs characters89 50 4E 47 0D 0A 1A 0A 00 00 00 0D 49 48 44 5200 00 00 01 00 00 00 01 08 02 00 00 00 90 77 53DE 00 00 00 0C 49 44 41 54 08 D7 63 F8 CF C0 0000 03 01 01 00 18 DD 8D BO 00 00 00 00 49 45 4E44 AE 42 60 82.PNG........ IHDR.............. WS.....IDAT..C.ccettvrreenn. IEND.B .IHDR ChunkOffset into
chunkHex ValueDecimal ValueTextMeaning00x0D13IHDR chunk has 13 bytes of content40x49484452IHDRIdentifies a Header chunk80x011Image is 1 pixel wide120x011Image is 1 pixel high160x0888 bits per pixel (per channel)170x022Color type 2 (RGB/truecolor)180x000Compression method 0 (only accepted value)190x000Filter method 0 (only
accepted value)200x000Not interlaced210x907753DECRC of chunk's type and content (but not length)IDAT ChunkOffset into chunkHex ValueMeaning0OxOCIDAT chunk has 12 bytes of content40x494441541dentifies a Data chunk80x08DEFLATE compression method using a 256-byte window[49]90xD7ZLIB FCHECK value, no dictionary used,
maximum compression algorithm[49]100x63F8CFC00000A compressed DEFLATE block using the static Huffman code that decodes to 0x00 OxFF 0x00 0x00[50]160x03010100The ZLIB check value: the Adler-32 checksum of the uncompressed data[49]200x18DD8DBOCRC of chunk's type and content (but not length)Displayed in the fashion of hex
editors, with on the left side byte values shown in hex format, and on the right side their equivalent characters from ISO-8859-1 with unrecognized and control characters replaced with periods. Additionally the PNG signature and individual chunks are marked with colors. Note they are easy to identify because of their human readable type names (in
this example PNG, ITHDR, IDAT, and IEND).Reasons to use PNG:Portability: Transmission is independent of the software and hardware platform.Completeness: it's possible to represent true color, indexed-color, and grayscale images.Coding and decoding in series: allows to generate and read data streams in series, that is, the format of the data
stream is used for the generation and visualization of images at the moment through serial communication.Progressive presentation: to be able to transmit data flows that are initially an approximation of the entire image and progressively they improve as the data flow is received.Soundness to transmission errors: detects the transmission errors of
the data stream correctly.Losslessness: No loss: filtering and compression preserve all information.Efficiency: any progressive image presentation, compression and filtering seeks efficient decoding and presentation.Compression: images can be compressed efficiently and consistently.Easiness: the implementation of the standard is
easy.Interchangeability: any PNG decoder that follows the standards can read all PNG data streams.Flexibility: allows future extensions and private additions without affecting the previous point.Freedom of legal restrictions: the algorithms used are free and accessible.Main article: Comparison of graphics file formatsOn small images, GIF can achieve
greater compression than PNG (see the section on filesize, below).On most images, except for the above case, a GIF file has a larger size than an indexed PNG image.PNG gives a much wider range of transparency options than GIF, including alpha channel transparency.Whereas GIF is limited to 8-bit indexed color, PNG gives a much wider range of
color depths, including 24-bit (8 bits per channel) and 48-bit (16 bits per channel) truecolor, allowing for greater color precision, smoother fades, etc.[51] When an alpha channel is added, up to 64 bits per pixel (before compression) are possible.When converting an image from the PNG format to GIF, the image quality may suffer due to posterization
if the PNG image has more than 256 colors.GIF intrinsically supports animated images. PNG supports animation only via unofficial extensions (see the section on animation, above).PNG images are less widely supported by older browsers. In particular, IE6 has limited support for PNG.[52]Composite image comparing lossy compression in JPEG with
lossless compression in PNG: the JPEG artifacts can be easily visible in the background of this kind of image data, where the PNG image has solid color.The JPEG (Joint Photographic Experts Group) format can produce a smaller file than PNG for photographic (and photo-like) images, since JPEG uses a lossy encoding method specifically designed for
photographic image data, which is typically dominated by soft, low-contrast transitions, and an amount of noise or similar irregular structures. Using PNG instead of a high-quality JPEG for such images would result in a large increase in file size with negligible gain in quality. In comparison, when storing images that contain text, line art, or graphics
images with sharp transitions and large areas of solid color the PNG format can compress image data more than JPEG can. Additionally, PNG is lossless, while JPEG produces visual artifacts around high-contrast areas. (Such artifacts depend on the settings used in the JPG compression; they can be quite noticeable when a low-quality [high-
compression] setting is used.) Where an image contains both sharp transitions and photographic parts, a choice must be made between the two effects. JPEG does not support transparency.JPEG's lossy compression also suffers from generation loss, where repeatedly decoding and re-encoding an image to save it again causes a loss of information each
time, degrading the image. Because PNG is lossless, it is suitable for storing images to be edited. While PNG is reasonably efficient when compressing photographic images, there are lossless compression formats designed specifically for photographic images, lossless WebP and Adobe DNG (digital negative) for example. However these formats are
either not widely supported, or are proprietary. An image can be stored losslessly and converted to JPEG format only for distribution, so that there is no generation loss.While the PNG specification does not explicitly include a standard for embedding Exif image data from sources such as digital cameras, the preferred method for embedding EXIF data
in a PNG is to use the non-critical ancillary chunk label eXIf.[53]Early web browsers did not support PNG images; JPEG and GIF were the main image formats. JPEG was commonly used when exporting images containing gradients for web pages, because of GIF's limited color depth. However, JPEG compression causes a gradient to blur slightly. A
PNG format reproduces a gradient as accurately as possible for a given bit depth, while keeping the file size small. PNG became the optimal choice for small gradient images as web browser support for the format improved. No images at all are needed to display gradients in modern browsers, as gradients can be created using CSS.JPEG-LS is an
image format by the Joint Photographic Experts Group, though far less widely known and supported than the other lossy JPEG format discussed above. It is directly comparable with PNG,[clarification needed] and has a standard set of test images.[54] On the Waterloo Repertoire ColorSet, a standard set of test images (unrelated to the JPEG-LS



conformance test set), JPEG-LS generally performs better than PNG, by 1015%, but on some images PNG performs substantially better, on the order of 5075%.[55] Thus, if both of these formats are options and file size is an important criterion, they should both be considered, depending on the image.JPEG XL is another, much improved, lossless or
lossy format, that is unfortunately supported much less, developed to replace lossless formats like PNG.[56] JPEG XL is more than 50% smaller than JPEG, and that can happen while it's lossless, therefore making it even smaller than PNG.[57] It also supports high dynamic range, wide colour gamuts, and large colour depths.[58] JPEG XL is also very
efficient at decoding, and provides smooth transitions from the formats it intends to replace, losslessly able to convert from JPEG. It also excels at compressing without compromising on fidelity.[59]Tag Image File Format (TIFF) is a format that incorporates an extremely wide range of options. While this makes TIFF useful as a generic format for
interchange between professional image editing applications, it makes adding support for it to applications a much bigger task and so it has little support in applications not concerned with image manipulation (such as web browsers). The high level of extensibility also means that most applications provide only a subset of possible features, potentially
creating user confusion and compatibility issues.The most common general-purpose, lossless compression algorithm used with TIFF is LempelZivWelch (LZW). This compression technique, also used in GIF, was covered by patents until 2003. TIFF also supports the compression algorithm PNG uses (i.e. Compression Tag 000816 'Adobe-style') with
medium usage and support by applications. TIFF also offers special-purpose lossless compression algorithms like CCITT Group IV, which can compress bilevel images (e.g., faxes or black-and-white text) better than PNG's compression algorithm.PNG supports non-premultiplied alpha only[34] whereas TIFF also supports "associated" (premultiplied)
alpha.WebP is a format invented by Google that was intended to replace PNG, JPEG, and GIF.[60] WebP files allow for both lossy and lossless compression, while PNG only allows for lossless compression. WebP also supports animation, something that only GIF files could previously accomplish.[61]The main improvements of WebP over PNG, however,
are the large reduction in file size and therefore faster loading times when embedded into websites. Google claims that lossless WebP images are 26% smaller than PNG files.[62]WebP has received criticism for being incompatible with various image editing programs and social media websites, unlike PNG.[63] WeDbP is also not supported across all
web browsers, which may require web image hosters to create a fallback image to display to the user, negating the potential storage savings of WebP.[61]AVIF is an image format developed by the Alliance for Open Media. AVIF was designed by the foundation to make up for the shortcomings of other image codecs, including PNG, GIF, and WebP.
[64]AVIF is generally smaller in size than both WebP and PNG.[65] AVIF supports animation while PNG does not.[66]However, like WebP, AVIF is supported across fewer browsers and applications than PNG.[66] Specifically, AVIF is supported by the most used browsers, Microsoft Edge, Firefox, and Google Chrome,[67][68] but requires an additional
download for use with Microsoft Windows.[64]The official reference implementation of the PNG format is the programming library libpng.[69] It is published as free software under the terms of a permissive free software license. Therefore, it is usually found as an important system library in free operating systems.Main article: Comparison of raster
graphics editorsThe PNG format is widely supported by graphics programs, including Adobe Photoshop, Corel's Photo-Paint and Paint Shop Pro, the GIMP, GraphicConverter, Helicon Filter, ImageMagick, Inkscape, IrfanView, Pixel image editor, Paint.NET and Xara Photo & Graphic Designer and many others (including online graphic design platforms
such as Canva). Some programs bundled with popular operating systems which support PNG include Microsoft's Paint and Apple's Photos/iPhoto and Preview, with the GIMP also often being bundled with popular Linux distributions.Adobe Fireworks (formerly by Macromedia) uses PNG as its native file format, allowing other image editors and
preview utilities to view the flattened image. However, Fireworks by default also stores metadata for layers, animation, vector data, text and effects. Such files should not be distributed directly. Fireworks can instead export the image as an optimized PNG without the extra metadata for use on web pages, etc.[citation needed]Main article: Web
browser image format supportPNG support first appeared in 1997, in Internet Explorer 4.0b1 (32-bit only for NT), and in Netscape 4.04.[70]Despite calls by the Free Software Foundation[71] and the World Wide Web Consortium (W3C),[72] tools such as gif2png,[73] and campaigns such as Burn All GIFs,[74] PNG adoption on websites was fairly slow
due to late and buggy support in Internet Explorer, particularly regarding transparency.[75] PNG is the most used image file format on the web since 2018.[76]PNG compatible browsers include: Apple Safari, Google Chrome, Mozilla Firefox, Opera, Camino, Internet Explorer, Microsoft Edge and many others. For the complete comparison, see
Comparison of web browsers (Image format support).Especially versions of Internet Explorer (Windows) below 9.0 (released 2011) had numerous problems which prevented it from correctly rendering PNG images.[77]4.0 crashes on large PNG chunks.[78]4.0 does not include the functionality to view .png files,[79] but there is a registry fix.[77]5.0
and 5.01 have broken OBJECT support.[80]5.01 prints palette images with black (or dark gray) backgrounds under Windows 98, sometimes with radically altered colors.[81]6.0 fails to display PNG images of 4097 or 4098 bytes in size.[82]6.0 cannot open a PNG file that contains one or more zero-length IDAT chunks. This issue was first fixed in
security update 947864 (MS08-024). For more information, see this article in the Microsoft Knowledge Base: 947864 MS08-024: Cumulative Security Update for Internet Explorer.[83]6.0 sometimes completely loses ability to display PNGs, but there are various fixes.[84]6.0 and below have broken alpha-channel transparency support (will display the
default background color instead).[85][86][87]7.0 and below cannot combine 8-bit alpha transparency AND element opacity (CSS filter: Alpha (opacity=xx)) without filling partially transparent sections with black.[88]8.0 and below have inconsistent/broken gamma support.[77]8.0 and below don't have color-correction support.[77]PNG icons have been
supported in most distributions of Linux since at least 1999, in desktop environments such as GNOME.[89] In 2006, Microsoft Windows support for PNG icons was introduced in Windows Vista.[90] PNG icons are supported in AmigaOS 4, AROS, macOS, iOS and MorphOS as well. In addition, Android makes extensive use of PNGs.PNG file size can
vary significantly depending on how it is encoded and compressed; this is discussed and a number of tips are given in PNG: The Definitive Guide.[55]Compared to GIF files, a PNG file with the same information (256 colors, no ancillary chunks/metadata), compressed by an effective compressor is normally smaller than a GIF image. Depending on the
file and the compressor, PNG may range from somewhat smaller (10%) to significantly smaller (50%) to somewhat larger (5%), but is rarely significantly larger[55] for large images. This is attributed to the performance of PNG's DEFLATE compared to GIF's LZW, and because the added precompression layer of PNG's predictive filters take account of
the 2-dimensional image structure to further compress files; as filtered data encodes differences between pixels, they will tend to cluster closer to 0, rather than being spread across all possible values, and thus be more easily compressed by DEFLATE. However, some versions of Adobe Photoshop, Core]lDRAW and MS Paint provide poor PNG
compression, creating the impression that GIF is more efficient.[55]PNG files vary in size due to a number of factors:color depthColor depth can range from 1 to 64 bits per pixel.ancillary chunksPNG supports metadatathis may be useful for editing, but unnecessary for viewing, as on websites.interlacingAs each pass of the Adam?7 algorithm is
separately filtered, this can increase file size.[55]filterAs a precompression stage, each line is filtered by a predictive filter, which can change from line to line. As the ultimate DEFLATE step operates on the whole image's filtered data, one cannot optimize this row-by-row; the choice of filter for each row is thus potentially very variable, though
heuristics exist.[note 1]compressionWith additional computation, DEFLATE compressors can produce smaller files.There is thus a filesize trade-off between high color depth, maximal metadata (including color space information, together with information that does not affect display), interlacing, and speed of compression, which all yield large files,
with lower color depth, fewer or no ancillary chunks, no interlacing, and tuned but computationally intensive filtering and compression. For different purposes, different trade-offs are chosen: a maximal file may be best for archiving and editing, while a stripped down file may be best for use on a website, and similarly fast but poor compression is
preferred when repeatedly editing and saving a file, while slow but high compression is preferred when a file is stable: when archiving or posting.Interlacing is a trade-off: it dramatically speeds up early rendering of large files (improves latency), but may increase file size (decrease throughput) for little gain, particularly for small files.[55]Although
PNG is a lossless format, PNG encoders can preprocess image data in a lossy fashion to improve PNG compression. For example, quantizing a truecolor PNG to 256 colors allows the indexed color type to be used for a likely reduction in file size.[91]Some programs are more efficient than others when saving PNG files, this relates to implementation of
the PNG compression used by the program.Many graphics programs (such as Apple's Preview software) save PNGs with large amounts of metadata and color-correction data that are generally unnecessary for Web viewing. Unoptimized PNG files from Adobe Fireworks are also notorious for this since they contain options to make the image editable in
supported editors. Also CorelDRAW (at least version 11) sometimes produces PNGs which cannot be opened by Internet Explorer (versions 68).Adobe Photoshop's performance on PNG files has improved in the CS Suite when using the Save For Web feature (which also allows explicit PNG/8 use).Adobe's Fireworks saves larger PNG files than many
programs by default. This stems from the mechanics of its Save format: the images produced by Fireworks' save function include large, private chunks, containing complete layer and vector information. This allows further lossless editing. When saved with the Export option, Fireworks' PNGs are competitive with those produced by other image
editors, but are no longer editable as anything but flattened bitmaps. Fireworks is unable to save size-optimized vector-editable PNGs.Other notable examples of poor PNG compressors include:Microsoft's Paint for Windows XPMicrosoft Picture It! Photo Premium 9Poor compression increases the PNG file size but does not affect the image quality or
compatibility of the file with other programs.When the color depth of a truecolor image is reduced to an 8-bit palette (as in GIF), the resulting image data is typically much smaller. Thus a truecolor PNG is typically larger than a color-reduced GIF, although PNG could store the color-reduced version as a palettized file of comparable size. Conversely,
some tools, when saving images as PNGs, automatically save them as truecolor, even if the original data use only 8-bit color, thus bloating the file unnecessarily.[55] Both factors can lead to the misconception that PNG files are larger than equivalent GIF files.Various tools are available for optimizing PNG files; they do this by:(optionally) removing
ancillary chunks,reducing color depth, either:use a palette (instead of RGB) if the image has 256 or fewer colors,use a smaller palette, if the image has 2, 4, or 16 colors, or(optionally) lossily discard some of the data in the original image,optimizing line-by-line filter choice, andoptimizing DEFLATE compression.pngcrush is the oldest of the popular
PNG optimizers. It allows for multiple trials on filter selection and compression arguments, and finally chooses the smallest one. This working model is used in almost every png optimizer.advpng and the similar advdef utility in the AdvanceCOMP package recompress the PNG IDAT. Different DEFLATE implementations are applied depending on the
selected compression level, trading between speed and file size: zlib at level 1, libdeflate at level 2, 7-zip's LZMA DEFLATE at level 3, and zopfli at level 4.pngout was made with the author's own deflater (same to the author's zip utility, kzip), while keeping all facilities of color reduction / filtering. However, pngout doesn't allow for using several trials
on filters in a single run. It's suggested to use its commercial GUI version, pngoutwin, or used with a wrapper to automate the trials or to recompress using its own deflater while keep the filter line by line.[note 2]zopflipng was also made with its own deflater, zopfli. It has all the optimizing features pngcrush has (including automating trials) while
providing a very good, but slow deflater.A simple comparison of their features is listed below.OptimizerChunk removalColor reductionFilteringFilter reuse[note 3]Multiple trials on filters in a single runDeflater[note 4]JadvpngYesNo[note 5]0NoN/A[note 6](multiple)advdefNoNoReuses previous filter setAlwaysN/A(multiple)pngcrushYesYes04 or
adaptiveNoYeszlibpngoutYesYes04 or adaptiveYes[note 2]NokzipzopflipngYesYes04 or adaptive with 2 different algorithms, or with a brute wayYesYeszopfliBefore zopflipng was available, a good way in practice to perform a png optimization is to use a combination of 2 tools in sequence for optimal compression: one which optimizes filters (and
removes ancillary chunks), and one which optimizes DEFLATE. Although pngout offers both, only one type of filter can be specified in a single run, therefore it can be used with a wrapper tool or in combination with pngcrush,[note 2] acting as a re-deflater, like advdef.For removing ancillary chunks, most PNG optimization tools have the ability to
remove all color correction data from PNG files (gamma, white balance, ICC color profile, standard RGB color profile). This often results in much smaller file sizes. For example, the following command line options achieve this with pngcrush:pngcrush -rem gAMA -rem cHRM -rem iCCP -rem sRGB InputFile.png OutputFile.pngpngcrush, pngout, and
zopflipng all offer options applying one of the filter types 04 globally (using the same filter type for all lines) or with a "pseudo filter" (numbered 5), which for each line chooses one of the filter types 04 using an adaptive algorithm. Zopflipng offers 3 different adaptive method, including a brute-force search that attempts to optimize the filtering.[note
71lpngout and zopflipng provide an option to preserve/reuse[note 2][note 8] the line-by-line filter set present in the input image.pngcrush and zopflipng provide options to try different filter strategies in a single run and choose the best. The freeware command line version of pngout doesn't offer this, but the commercial version, pngoutwin, does.[note
9]Zopfli and the LZMA SDK provide DEFLATE implementations that can produce higher compression ratios than the zlib reference implementation at the cost of performance. AdvanceCOMP's advpng and advdef can use either of these libraries to re-compress PNG files. Additionally, PNGOUT contains its own proprietary DEFLATE
implementation.advpng doesn't have an option to apply filters and always uses filter 0 globally (leaving the image data unfiltered); therefore it should not be used where the image benefits significantly from filtering. By contrast, advdef from the same package doesn't deal with PNG structure and acts only as a re-deflater, retaining any existing filter
settings.Since icons intended for Windows Vista and later versions may contain PNG subimages, the optimizations can be applied to them as well. At least one icon editor, Pixelformer, is able to perform a special optimization pass while saving ICO files, thereby reducing their sizes.Icons for macOS may also contain PNG subimages, yet there isn't such
tool available.[citation needed]Computer graphics, including:Image editinglmage file formatsRelated graphics file formatsAPNG Animated PNGJPEG Network Graphics (JNG)Multiple-image Network Graphics (MNG)Similar file formatsX PixMap for portable iconsScalable Vector GraphicsWebP~ The filtering is used to increase the similarity to the
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signed the Partnership Project Agreement.As of January2025[update], the Market Representation Partners are:[6]Market Representation PartnersOrganizationWebsite5G-ACIA Automotive Association Americas Networking Alliance (5GDNA) Smart Network and Services Industry Association (6G-IA) Slicing Association (5GSA) Media Action Group (5G-
MAG) Edge Computing Consortium (AECC) India Forum Operators Association of India (COAI) Society of Automotive Engineers (CSAE) //ctia.org/Global Satellite Operators Association (GSOA) Certification Forum (GCF) mobile Suppliers Association (GSA) //'www.gsma.com/IPV6 Forum Generation Mobile Networks (NGMN) Safety Communication
Europe (PSCE) Forum Cell Forum //tcca.info/TD Industry Alliance Broadband Alliance standards are structured as Releases. Discussion of 3GPP thus frequently refers to the functionality in one release or another.Version[7]Released[8]InfoPhase 11992GSM FeaturesPhase 21995GSM Features, EFR Codec,Release 961997 Q1GSM Features, 14.4kbit/s
User Data Rate,Release 971998 Q1GSM Features, GPRSRelease 981999 Q1GSM Features, AMR codec, EDGE, GPRS for PCS1900Release 992000 Q1Specified the first UMTS 3G networks, incorporating a CDMA air interface[9]Release 42001 Q20riginally called the Release 2000 added features including an all-IP Core Network[10]Release 52002
Q1lIntroduced IMS and HSDPA[11]Release 62004 Q4Integrated operation with Wireless LAN networks and adds HSUPA, MBMS, enhancements to IMS such as Push to Talk over Cellular (PoC), GAN[12]Release 72007 Q4Focuses 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 82008 Q4First 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 92009 Q4SAES Enhancements, WiMAX and LTE/UMTS Interoperability. Dual-Cell HSDPA with MIMO, Dual-Cell HSUPA. LTE HeNB. Evolved multimedia broadcast and multicast service (eMBMS).Release 102011 Q1LTE Advanced fulfilling IMT Advanced
4G requirements. Backwards compatible with release 8 (LTE). Multi-Cell HSDPA (4 carriers).Release 112012 Q3Advanced 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 122015 Q1Enhanced 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 132016 Q1LTE-Advanced Pro. LTE in unlicensed, LTE enhancements for Machine-Type Communication. Elevation Beamforming / Full-Dimension MIMO, Indoor positioning.[15]Release 142017 Q2Energy 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 152018 Q2First 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 162020 Q3The 5G System Phase 2: 5G enhancements, NR-based access to unlicensed spectrum (NR-U), Satellite access[18]Release 172022 Q1TSG 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 up to 71GHz.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 182023 Q45G-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]Release 19 [22]2025 Q45G-Advanced.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.The 3GPP specification work is done in Technical Specification Groups (TSGs) and Working Groups (WGs).[23]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.WGShorthandScopeSpecificationsRAN WG1RAN1Radio Layer 1 (Physical layer)List of specsRAN WG2RAN2Radio Layer 2 and Radio Layer 3 Radio Resource ControlList of specsRAN WG3RAN3UTRAN, E-UTRAN, NG-RAN architecture and related network interfacesList of specsRAN WG4RAN4Radio
performance and protocol aspectsList of specsRAN WG5RAN5Mobile terminal conformance testingList of specsSA (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.WGShorthandScopeSpecificationsSA WG1SA1ServicesList of specsSA WG2SA2ArchitectureList of specsSA WG3SA3SecurityList of specsSA WG4SA4CodecList of specsSA WG5SA5Management, Orchestration and ChargingList of specsSA WG6SAGApplication Enablement and Critical Communication ApplicationsList of specsCT (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.WGShorthandScopeSpecificationsCT WG1CT1User Equipment Core Network protocolsList of specsCT WG2CT2closedCT WG3CT3Interworking with external networksList of specsCT
WGA4CT4Core Network ProtocolsList of specsCT WG5CT5closedCT WG6CT6Smart Card Application AspectsList of specsGERAN (GSM/EDGE Radio Access Network):The closure of GERAN was announced in January 2016.[24] The specification work on legacy GSM/EDGE system was transferred to RAN WG, RAN6. RANG6 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.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.[25]Specification work is done at WG and at TSG level:[26]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 1.130:[27]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.List of mobile phone generationsUniversal Mobile Telecommunications System (UMTS)3GPP Long Term EvolutionEvolution to 3GIP Multimedia Subsystem3GP3GPP2 The 3GPP's counterpart in the CDMA2000 sphere.GSM
servicesLoRaWANTelecoms & Internet converged Services & Protocols for Advanced Networks (TISPAN)Open Mobile AllianceService data adaptation protocolService layerEuropean Telecommunications Standards Institute”™ 3GPP Scope and Objectives, 31 August 2007 "About 3GPP". 3GPP. Retrieved 10 March 2019.”™ "3GPP Background". 7 June
2000. Archived from the original on 6 July 2000.” "3rd Generation Partnership Project 2". Archived from the original on 23 January 2004. Retrieved 25 November 2012.” "Mobile Competence Centre". 3GPP. Retrieved 10 March 2019.”™ a b "Partners". 3GPP. Retrieved 1 January 2025.” Releases”™ "3GPP Specifications Releases (and phases and
stages)". Retrieved 16 September 2010.” Overview of 3GPP Release 99, Summary of all Release 99 Features. ETSI Mobile Competence Centre, Version xx/07/04™ Overview of 3GPP Release 4, Summary of all Release 4 Features, v.1.1.0 (draft) ETSI Mobile Competence Centre 2004~ Summary of all Release 5 Features, ETSI Mobile Competence
Centre, Version 9 September 2003” Overview of 3GPP Release 6, Summary of all Release 6 Features, Version TSG #33, ETSI Mobile Competence Centre 2006™ Review of the Work Plan at Plenaries #31, 3GPP, SP-060232 3GPP TSG SA#31 Sanya, 1316 March 2006”™ "Highlights of 3GPP Release 12". Retrieved 20 November 2014.”™ "Release 13
priorities". Retrieved 20 November 2014.”~ "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 27 October 2016.” "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 27 October 2016.”™ "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 14 July 2020.” a b "5G evolution toward 5G advanced: An overview of 3GPP releases 17
and 18". Ericsson. Retrieved 25 August 2022.” "Release 18". 3gpp.org. Retrieved 25 November 2021.” "5G-Advanced's system architecture begins taking shape at 3GPP". Nokia. Retrieved 25 November 2021.” "Release 19". 3GPP. Retrieved 8 September 2024.” "Specification Groups". Archived from the original on 9 May 2011. Retrieved 11 April
2011.” closure of GERAN” 3GPP membership”™ 3GPP TR 21.900 Technical Specification Group working methods”™ ITU-T Recommendation I.1303GPP website3GPP Standards List of Acronyms & Terminology3GPP freely published, detailed technical specifications3GPP releases descriptionsETSI GSM UMTS 3GPP Numbering Cross
ReferenceTS/TRspecification numberingTool for visualizing multiple inter-related 3gpp standardsTool for visualizing, decoding, encoding network protocol messages defined by 3gppLTE-3GPP.info: online 3GPP messages decoder fully supporting Rel.15Retrieved from " 3Mobile phone specification system project3rd Generation Partnership Project
2Abbreviation3GPP2TypeStandards organizationThe 3rd Generation Partnership Project 2 (3GPP2) was 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 was the standardization group for
CDMA2000, the set of 3G standards based on the earlier cdmaOne 2G CDMA technology.The participating associations were 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 was the standard body behind the competing 3G standard CDMA2000 that is the 3G upgrade to cdmaOne networks that was 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 standards.3GPP2 had its last activity in 2013,[2] and the group has been dormant ever since. The 3GPP2 website
was taken offline in 2023, primarily due to CDMA carriers deploying 3GPP's LTE instead of UMB the decade prior and later shutting down CDMA networks making the 3GPP2 redundant and unneeded. However, as of 2024 the 3GPP2 website has since come back online.” Qualcomm halts UMB project, Reuters, 13 November 2008 "3GPP2
Technology Webinar". 3GPP2.3GPP2 Official Web siteAbout 3GPP2TIA U.S. 3GPP2 Standards DeveloperThis article about wireless technology is a stub. You can help Wikipedia by expanding it.vteRetrieved from " 4Third generation of wireless mobile telecommunications technologyFor other uses, see 3G (disambiguation).A USB modem for 3G plugged
into a laptop.Part of a series on theWireless network technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvte3G refers to the third-generation of cellular network technology. These networks were rolled out beginning in the early 2000s and
represented a significant advancement over the second-generation (2G), particularly in terms of data transfer speeds and mobile internet capabilities. The major 3G standards are UMTS (developed by 3GPP, succeeding GSM) and CDMA2000 (developed by Qualcomm, succeeding cdmaOne);[1][2] both of these are based on the IMT-2000 specifications
established by the International Telecommunication Union (ITU).While 2G networks such as GPRS and EDGE supported limited data services, 3G introduced significantly higher-speed mobile internet and enhanced multimedia capabilities, in addition to improved voice quality.[3] It provided moderate internet speeds suitable for general web browsing
and multimedia content including video calling and mobile TV,[3] supporting services that provide an information transfer rate of at least 144 kbit/s.[4][5]Later 3G releases, often referred to as 3.5G (HSPA) and 3.75G (HSPA+) as well as EV-DO, introduced important improvements, enabling 3G networks to offer mobile broadband access with speeds
ranging from several Mbit/s up to 42 Mbit/s.[6] These updates improved the reliability and speed of internet browsing, video streaming, and online gaming, enhancing the overall user experience for smartphones and mobile modems in comparison to earlier 3G technologies. 3G was later succeeded by 4G technology, which provided even higher data
transfer rates and introduced advancements in network performance.A new generation of cellular standards has emerged roughly every decade since the introduction of 1G systems in 1979. Each generation is defined by the introduction of new frequency bands, higher data rates, and transmission technologies that are not backward-compatible due
to the need for significant changes in network architecture and infrastructure.Several telecommunications companies marketed wireless mobile Internet services as 3G, indicating that the advertised service was provided over a 3G wireless network. However, 3G services have largely been supplanted in marketing by 4G and 5G services in most areas
of the world. 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, Third-generation mobile networks, or 3G, must maintain minimum consistent Internet speeds of 144Kbps.[5] However, many services advertised as 3G provide
higher speed than the minimum technical requirements for a 3G service.[7] 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.[8]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 Communications) 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 56Mbit/s in the downlink in theory (28Mbit/s in existing services) and 22Mbit/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 1S-95 2G standard. The cell phones are typically CDMA2000 and IS-95 hybrids. The latest release EVDO Rev. B offers peak rates of 14.7Mbit/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 200kbit/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
200kHz, 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 1Mbit/s downstream and 400kbit/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 2,100MHz band. A few others use the 850, 900, and 1,900MHz bands.HSPA is an amalgamation of several upgrades to the original W-CDMA standard
and offers speeds of 14.4Mbit/s down and 5.76Mbit/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 168Mbit/s in the downlink and 22Mbit/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 14.7Mbit/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.[9]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.[10]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.[11]Cellular network standards and generation timeline.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 400MHz to 3GHz 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,[12] 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;[13][14] broader availability of the system was delayed by apparent concerns over its reliability.[15][16][17][18][19]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 US 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.[20] 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 2100MHz. 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.[21]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.[22]Videotelephony through cellular networks were made possible using 3G technologiesJapan 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.[23]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.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 customersmax bitrate 72% of the 200kbit/s which defines
3Gthe 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%.[24] 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,[25] as of Q4 2012 there were 2096 million active mobile-broadband[vague] subscribers worldwide out of a total of 6835 million subscribersthis 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 onalthough according[26] to the ITU and informatandm.com the US 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 US population, according[25] to ComScore just a year earlier in Q4 2011 only about 42% of people surveyed in the US reported they owned a smart phone. In Japan, 3G penetration was similar at about 81%, but smart phone ownership was
lower at about 17%.[25] In China, there were 486.5 million 3G subscribers in June 2014,[27] in a population of 1,385,566,537 (2013 UN estimate).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 UK is doing this, citing 2G's usefulness as a low-power fallback.[28] EE in the UK, plans to switch off their 3G networks in early 2024.[29] In the US, Verizon shutdown their 3G services on 31 December 2022,[30] T-Mobile shut
down Sprint's networks on 31 March 2022 and shutdown their main networks on 1 July 2022,[31] and AT&T has done so on 22 February 2022.[32]Currently 3G around the world is declining in availability and support. Technology that depends on 3G for usage are becoming 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 or have already done so as well, such as the United States and Singapore, devices supporting only 3G and backwards
compatible with 2G are becoming inoperable.[33] As of February 2022, less than 1% of cell phone customers in the United States used 3G; AT&T offered free replacement devices to some customers in the run-up to its shutdown.[34]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.[35][36] 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.[36]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.[37][38]ITU has not provided a clear[39][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 2Mbit/s for stationary or walking users, and 348kbit/s
in a moving vehicle,"[40] 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 21.1Mbit/s for HSPA+ and 42.2Mbit/s for DC-HSPA+ (technically 3.5G, but usually clubbed under the tradename of 3G).[citation needed]See also: Mobile security Attacks based on the GSM networks3G
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.[41]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.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.The bandwidth and location capabilities introduced by 3G networks enabled a wide range of applications that
were previously impractical or unavailable on 2G networks. Among the most significant advancements was the ability to perform data-intensive tasks, such as browsing the internet seamlessly while on the move, as well as engaging in other activities that benefited from faster data speeds and enhanced reliability.Beyond personal communication, 3G
networks supported applications in various fields, including medical devices, fire alarms, and ankle monitors. This versatility marked a significant milestone in cellular communications, as 3G became the first network to enable such a broad range of use cases.[42] By expanding its functionality beyond traditional mobile phone usage, 3G set the stage
for the integration of cellular networks into a wide array of technologies and services, paving the way for further advancements with subsequent generations of mobile networks.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 1Gbit/s for stationary and 100Mbit/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.[43]0n 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."[44] With the launch of their LTE network, initially they are offering pre-4G (or beyond 3G)
services in Stockholm, Sweden and Oslo, Norway.CountryStatusNetworkShutdown dateStandardReferencesNotesArgentinaPersonalTBDUMTS[45]Local shutdowns commenced in Q1 2023.AustraliaNo ServiceOptus2024-10-28UMTS[46][47]Telstra2024-10-28UMTS[48][49][47]2100MHz band shutdown on 25 Mar 2019.TPG / Vodafone2023-12-
15UMTS[50][51]AustriaMagenta Telekom2024 (est.)UMTS[52]BelgiumOrange2025-12-31 (est.)UMTS[53][54]Local shutdowns commenced in Jan 2024.Telenet2024-09-30 (est.)UMTS[55]Local shutdowns commenced in Sep 2024.Proximus2024-12-31 (est.)UMTS[56]CanadaBell2025-12-31 (est.)UMTS[57]Rogers2025-07-31UMTS[57]1[58][59][60][61]
[62]1900 MHz shutdown in Jun 2021.850MHz remains active until 31 July 2025.Telus2025-12-31 (est.)UMTS[57]Videotron2025-07-31UMTS[63]ChinaChina Mobile2020TD-SCDMA[64][65][66][67]Local shutdowns commenced on 16 Mar 2016.China Telecom2025 (est.)CDMA2000[68][69][70]CDMA2000 1X, 1xEV-DO Rev. ALocal shutdowns
commenced on 16 Jun 2020.China UnicomTBDUMTS[71]Local shutdowns commenced in Q4 2022.CroatiaHT2025 (est.)UMTS[72]Local shutdown commenced in Dec 2023.Czech RepublicNo Service022021-11-30UMTS[73]T-Mobile2021-11-30UMTS[73]Vodafone2021-03-31UMTS[74]Denmark32025-12-01 (est.)UMTS[75]Local shutdown commenced
in 2019.TDCTBDUMTS[76]Local shutdown commenced in 2022.TT-Netvrket(Telenor, Telia)2023-03-20UMTS[77][78]Service on the 2100MHz band ended in 2021.Shutdown on the 900MHz band commenced in summer 2022 .EstoniaElisa2024-11-26UMTS[79]Tele22025-12-31 (est.)UMTS[80]Telia Eesti2023-12-13UMTS[81][82][83][84]FinlandNo
ServiceDNA2024-01-25UMTS[85][86][87][88]Local shutdowns commenced in May 2023.Elisa2023-11-30UMTS[89]Local shutdowns commenced in Apr 2023.Finnish Shared Network[fi]2024-12UMTS[90]Joint company by Telia and DNA to manage networks in Northern and Eastern Finland.Telia2024-10-28UMTS[91][92][93]Local shutdowns
commenced on 9 Sep 2023.FranceBouygues2029 (est.)UMTS[94]0range2028-12-31 (est.)UMTS[53]SFR2028 (est.)UMTS[95]GermanyNo ServiceDeutsche Telekom2021-07-01UMTS[96]022021-12-31UMTS[97][98][99]Vodafone2021-06-30UMTS[100]GreeceNo ServiceCosmote2021-12-31UMTS[101]NOVA2023-03-27UMTS[102][103][104]
[105]Vodafone2023-05-31UMTS[106]GreenlandTusassTBDUMTS[107]Hong Kong3activeUMTSCMHK2025-06-30 (est.)UMTS[108]CSL2017-10-31CDMA2000[109]CDMA2000 1X, 1xEV-DO Rev. A.Service previously provided by PCCW. After acquisition of CSL by HKT,its mobile business PCCW Mobile was merged into CSL.No service for local
customers, only served incoming roaming tourists.CSL terminated its CDMA family business upon its licence expiry,and cdmaOne service has also terminated along with CDMA2000.CSLactiveUMTSSmartoneactiveUMTSHungaryNo ServiceMagyar Telekom2022-06-30UMTS[110][111][112]Yettel Hungary2023-11-13UMTS[110][112][113]Vodafone
Hungary2023-03-31UMTS[114][112]IcelandNova2025-12-31 (est.)UMTS[115][116]Sminn2025-12-31 (est.)UMTS[116]Vodafone2025-12-31 (est.)UMTS[116]IndiaAirtel2020-03-31UMTS[117][118]Vodafone Idea2022-10-06UMTS[119]Complete network refarming to 4G/LTE.IndonesiaSmartfren2017-11-13CDMA2000[120]CDMA2000 1X, 1xEV-DO Rel.
0, 1XxEV-DO Rev. A, EV-DO Rev. BTelkomsel2023-06-23UMTS[121]Indosat2022-12-31UMTS[122]XL AxiataTBDUMTS[123][124]Local shutdowns commenced in June 2021.IrelandVodafoneTBDUMTS[125]Local shutdowns commenced in Feb 2023.Israel2025-12-31 (est.)[126]Per government statementltalylliad2025 (est.)UMTS[127]TIM2022-10-
21UMTS[128][129][130][131]Vodafone2021-02-28UMTS[132]Wind Tre2025 (est.)UMTS[127]JapanKDDI2022-03-31CDMA2000[133][134][135]CDMA2000 1X, 1xEV-DO Rel. 0, 1xEV-DO Rev. A, EV-DO Rev. BNTT docomo02026-03-31 (est.)UMTS[136]Softbank2024-04-15UMTS[137]1[138][139]KazakhstanTele2TBDUMTS[140][141]Local shutdown
commenced on 28 Mar 2024.LithuaniaTelia2022-12-15UMTS[142][143][144]Tele22025-12 (est.)UMTS[145]LuxembourgOrange2025-12-31 (est.)UMTS[53]Tango / Telindus2024-01-31UMTS[146]MacauChina Telecom2025-06-04 (est.)CDMA2000[147][148][149]CDMA2000 1X, 1xEV-DO Rev. ACTM2025-06-04 (est.)UMTS[149]32025-06-04
(est.)UMTS[149]Smartone2024-11-11UMTS[150]Smartone ceased operations in Macau and returned its license.MalaysiaNo ServiceCelcom2021-12-31UMTS[151][152]Maxis2021-12-31UMTS[153]U Mobile2021-12-31UMTS[153]Digi2021-12-31UMTS[153][152]Moldovalnterdnestrcom2023-08-01CDMA2000[154]MontenegroCrnogorski Telekom2024-
01-22UMTS[155][156]NetherlandsKPN2023-05-10UMTS[157][158][159]Local shutdown commenced on 31 Mar 2022.Vodafone2020-02-04UMTS[160]New Zealand2degrees2025 Q4 (est.)UMTS[161]0ne2025-12-31 (est.)UMTS[162][163][164]Local shutdown will commence by 31 Mar 2025.Spark2025-12-31 (est.)UMTS[165][166]Local shutdown will
commence "towards the end of 2025". NorwayNo ServiceTelia2021-11-11UMTS[167]Telenor2021-01-31UMTS[168]0manOmantel2024 Q3 (est.)UMTS[169][170]PakistanNo ServiceJazz2024-11-18UMTS[171][172]PhilippinesSmart (PLDT)TBDUMTS[173]GlobeTBDUMTS[174]Shutdown commenced in Oct 2020.PolandT-Mobile2023-04 (est.)UMTS[175]



[176]1[177]1Shutdown commenced in Apr 2023.0range2025-12-31 (est.)UMTS[53][178]1[179]Local shutdown commenced on 26 Sep 2023.PortugalME02024-01-31UMTS[180]Local shutdown commenced on 4 Sep 2023.Vodafone2024-07 (est.)UMTS[181]NOS2024-05 (est.)UMTS[182]Shutdown commenced in May 2024.RomaniaDigi2023-08-
29UMTS[183]0range2025-12-31 (est.)UMTS[53]Telekom2023-03-31UMTS[184]Vodafone2025-07-01 (est.)UMTS[185]RussiaBeeline2025 (est.)UMTS[186]Shutdown commenced in Moscow in Feb 2023.MTS2025 (est.)UMTS[187]Shutdowns commenced in Saint-Petersburg in Oct 2024.Saudi Arabiastc2022-12-31UMTS[188]SingaporeNo
ServiceM12024-08-01UMTS[189][190]Singtel2024-11-01UMTS[189][190]StarHub2024-11-01UMTS[189][190]SlovakiaO2TBDUMTS[191]Local shutdown commences in Jan 2024.0range2024-02-22UMTS[53][192][193]Telekom2023-11-23UMTS[194][195]Local shutdown commenced on 3 Oct 2023.SloveniaTelekom Slovenije2022-09-30UMTS[196]A1
Slovenija2023-06-30UMTS[197]South Africa2025-03 (est.)[198][199]Per government statementSouth KoreaKT2012-03-19CDMA2000[200][201][202]CDMA2000 was also referred to as "2G" in South Korea, besides cdmaOne (IS-95).[203]CDMA2000 1X, 1xEV-DO Rel. OKT also operates an UMTS "3G" network.L.G U+2021-06-30CDMA2000[204][205]
[200][206]CDMA2000 1X, 1xEV-DO Rev. A, EV-DO Rev. BSK Telecom2020-07-27CDMA2000[207][202][200][208]CDMA2000 was also referred to as "2G" in South Korea, besides cdmaOne (IS-95).[203]CDMA2000 1X, 1xEV-DO Rel. OSKT also operates an UMTS "3G" network.SpainMovistar2025 (est.)UMTSOrange2025-12-31 (est.)UMTS[53]Vodafone
Espaa2024-10-29 (est.)UMTS[209][210]Sri LankaAirtel2022-06-12UMTS[211]Dialog AxiataTBDUMTS[212]SwedenTelenor2025-12 (est.)UMTS[213]Telia2025 (est.)UMTS[214]Three2025-12-01 (est.)UMTS[215][216]Local shutdown for 2100 MHz commenced in late 2021.SwitzerlandSunrise2025-06 (est.)UMTS[217]Swisscom2025-12-01
(est.)UMTS[218]TaiwanNo ServiceAsia Pacific Telecom2017-12-31CDMA2000[219][220]CDMA2000 1X, 1xEV-DO Rev. AChunghwa Telecom2018-12-31 (Data)2024-06-30 (Voice)UMTS[221][222][223]Far EasTone2018-12-31 (Data)2024-06-30 (Voice)UMTS[221][222][223]Taiwan Mobile2018-12-31 (Data)2024-06-30 (Voice)UMTS[221][222]
[223]Taiwan Star2018-12-31 (Data)2024-06-30 (Voice)UMTS[221][222][223]United KingdomEE2024-02-25UMTS[224][225][226][227]Shutdown commenced on 17 Jul 2023 in Warrington (Cheshire).[228][229]Three2024-12-31UMTS[230]022025-12-31 (est.)UMTS[231][232]Local shutdown commenced in Apr 2025.Vodafone2024-02-28UMTS[233]
[234][235][236]Local shutdown commenced in Jun 2023.United StatesPuerto RicoUS Virgin IslandsNo ServiceAppalachian Wireless2023-01-03CDMA2000[237][238][239]CDMA2000 1X, 1xEV-DO Rev. AAT&T2022-02-22UMTS[240][241]Cellcom2023-03-31CDMA2000[242]Cellular One of North East Arizona2023-05-04UMTS[243]Commnet Wireless
(Choice)2022-12-31CDMA2000[244]Liberty2022-02-22UMTS[245]Silver Star2022-12-30CDMA2000[246][247]CDMA2000 1X & 1xEV-DO Rev. AStrata Networks2022-12-31CDMA2000[248]T-Mobile2022-07-01UMTS[249][250][251][252]T-Mobile (Sprint)2022-05-31CDMA2000[253][2491[250][251][254]1[255]CDMA2000 1X, 1X Adv. (Rev.E), 1xEV-DO
Rel. 0, 1XEV-DO Rev. AShutdown commenced on 31 Mar 2022.UScellular2024-01-14CDMA2000[256][257]1[258]CDMA2000 1X1xEV-DO (Rel. 0 & Rev. A) shutdown commenced in 2021.Verizon2022-12-31CDMA2000[259][260][261]CDMA2000 1X, 1xEV-DO Rel. 0, 1xEV-DO Rev. AVietnam2028-09 (est.)[262]per government statementList of mobile
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protocolsHSPA icon on an Android smartphone Part of a series on theWireless network technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvteHigh Speed Packet Access (HSPA)[1] is an amalgamation of two mobile protocolsHigh 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 called 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 337Mbit/s in the downlink and 34Mbit/s in the uplink; however, these speeds are rarely achieved in practice.[2]The first HSPA specifications supported increased peak data rates of up to 14Mbit/s in the downlink and 5.76Mbit/s in the uplink. They 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.Cellular network standards and generation timelineHigh 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 also decreases latency, and therefore the round-trip time for applications.HSDPA was introduced in 3GPP Release 5. It was
accompanied by an improvement to the uplink that provided a new bearer of 384kbit/s (the previous maximum bearer was 128kbit/s). Evolved High Speed Packet Access (HSPA+), introduced in 3GPP Release 7, further increased data rates by adding 64QAM modulation, MIMO, and Dual-Carrier HSDPA operation. Under 3GPP Release 11, even higher
speeds of up to 337.5Mbit/s were possible.[3]The first phase of HSDPA was specified in 3GPP Release 5. This phase introduced new basic functions and was aimed to achieve peak data rates of 14.0Mbit/s with significantly reduced latency. The improvement in speed and latency reduced the cost per bit and enhanced 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). Additional new features include 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 stations.The upgrade to HSDPA is often just a software update for WCDMA networks. In HSDPA, voice calls are usually prioritized over data transfer.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 2milliseconds. So, for example, Cat10 can decode 27,952bits / 2ms = 13.976Mbit/s (and not 14.4Mbit/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) categoriesCategoryReleaseMax. number of HS-DSCH codes (per cell)Modulation [note 1]MIMO, Multi-CellCode rate at max. data rate[note 2]Max.
downlink speed (Mbit/s)[note 3]15516-QAM.761.225516-QAM.761.235516-QAM.761.845516-QAM.761.855516-QAM.763.665516-QAM.763.6751016-QAM.757.2851016-QAM.767.2951516-QAM.7010.11051516-QAM.9714.01155QPSK.760.91255QPSK.761.8Further UE categories were defined from 3GGP Release 7 onwards as Evolved HSPA (HSPA+)
and are listed in Evolved HSDPA UE Categories.”™ 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. GPRS-speed in a HSDPA planAs of 28August2009[update], 250 HSDPA networks had commercially launched mobile broadband
services in 109 countries. 169 HSDPA networks supported 3.6Mbit/s peak downlink data throughput, and a growing number delivered 21Mbit/s peak data downlink.[citation needed]CDMA2000-EVDO networks had the early lead on performance. In particular, Japanese providers were highly successful benchmarks for this network standard. However,
this later changed in favor of HSDPA, as an increasing number of providers worldwide began adopting it.In 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 grewthese provided HSDPA for data via Ethernet
and Wi-Fi, as well as ports for connecting traditional landline telephones. Some were marketed with connection speeds of "up to 7.2Mbit/s"[5] under ideal conditions. However, these services could be slower, such as when in fringe coverage indoors.High-Speed Uplink Packet Access (HSUPA) is a 3G mobile telephony protocol in the HSPA family. It is
specified and standardized in 3GPP Release 6 to improve the uplink data rate to 5.76Mbit/s, extend capacity, and reduce latency. Together with additional improvements, this allows for new features such as Voice over Internet Protocol (VoIP), uploading pictures, and sending large e-mail messages.HSUPA was the second major step in the UMTS
evolution process. It has since been superseded by newer technologies with higher transfer rates, such as LTE (150Mbit/s for downlink and 50Mbit/s for uplink) and LTE Advanced (maximum downlink rates of over 1Gbit/s). HSUPA 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. Similar 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 allow 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 are unable to provide
the necessary short delay time and constant bandwidth.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 frequently
changed. 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 the following 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) carries the control information associated with the E-DCH Transport ChannelE-DPDCH (E-DCH Dedicated Physical Data Channel) carries the E-DCH Transport ChannelThe following table shows uplink speeds for the
different categories of HSUPA:HSUPA User Equipment (UE) categoriesHSUPACategoryReleaseMax.UplinkSpeed(Mbit/s)Modulation160.73QPSK261.46QPSK361.46QPSK462.93QPSK562.00QPSK665.76QPSKFurther UE categories were defined from 3GGP Release 7 onwards as Evolved HSPA (HSPA+) and are listed in Evolved HSUPA UE
Categories.Main article: Evolved High Speed Packet AccessEvolved 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 56Mbit/s in the downlink and 22Mbit/s in the uplink (per 5SMHz carrier) with multiple input, multiple output (2x2MIMO) technologies and higher order modulation (64QAM). With Dual Cell technology, these can be doubled.Since 2011, HSPA+ has been widely deployed among
WCDMA operators, with nearly 200 commitments.[6]Wikimedia Commons has media related to High Speed Packet Access.BroadbandCellular routerDigRF V3Global mobile Suppliers AssociationInternet accessList of device bandwidthsList of HSDPA networksList of HSUPA networksMobile Broadband AllianceMulti-band device (dual-band, tri-band,
quad-band, penta-band)UMTS frequency bands”™ Nomor Research: White Paper "Technology of High Speed Packet Access" Archived January 23, 2009, at the Wayback Machine, nomor.de”™ "Universal Mobile Telecommunications System (UMTS); UE Radio Access capabilities" (PDF). ETSI. January 2014. Retrieved March 4, 2014.~ "HSPA". About Us.”™
3GPP TS 25.306 v11.0.0 "Vodafone UK - Maintenance". vodafone.co.uk.”™ "DC-HSPA+ brings 42Mbps to 39 networks". 3GPP. Retrieved July 8, 2017.Sauter, Martin (2006). Communication Systems for the Mobile Information Society. Chichester: John Wiley. ISBN0-470-02676-6.Harri Holma and Antti Toskala (2006). HSDPA/HSUPA for UMTS: High
Speed Radio Access for Mobile Communications. Wiley. ISBN0-470-01884-4.Stuhlfauth, Reiner (2012). High Speed Packet Access: Technology and measurement aspects of HSDPA and HSUPA mobile radio systems. Munich. ISBN978-3-939837-14-5.{ {cite book} }: CS1 maint: location missing publisher (link)3GPP3GPP Specifications Home Page
Archived October 26, 2008, at the Wayback MachineGSM Association on HSPAPublic HSPA Discussion Forum3.5G drivin), ericsson.comDual carrier HSPA: DC-HSPA, DC-HSDPA, radio-electronics.comUnderstand HSDPA's implementation challenges Archived February 16, 2010, at the Wayback MachineNomor Research: White Paper "Technology of
High Speed Packet Access" Archived January 23, 2009, at the Wayback MachineNomor 3GPP Newsletter 2009-03: Standardisation updates on HSPA Evolution Archived February 1, 2014, at the Wayback MachineRetrieved from " 6Broadband cellular network standardFor other uses, see 5G (disambiguation).3GPP logo of 5GPart of a series on
theWireless network technologiesAnalog0OG1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvteAn Android phone, showing that it is connected to a 5G networkIn telecommunications, 5G is the "fifth generation" of cellular network technology, as the successor to the
fourth generation (4G), and has been deployed by mobile operators worldwide since 2019.Compared to 4G, 5G networks offer not only higher download speeds, with a peak speed of 10 gigabits per second (Gbit/s),[a] but also substantially lower latency, enabling near-instantaneous communication through cellular base stations and antennae.[1] There
is one global unified 5G standard: 5G New Radio (5G NR),[2] which has been developed by the 3rd Generation Partnership Project (3GPP) based on specifications defined by the International Telecommunication Union (ITU) under the IMT-2020 requirements.[3]The increased bandwidth of 5G over 4G allows them to connect more devices
simultaneously and improving the quality of cellular data services in crowded areas.[4] These features make 5G particularly suited for applications requiring real-time data exchange, such as extended reality (XR), autonomous vehicles, remote surgery, and industrial automation. Additionally, the increased bandwidth is expected to drive the adoption
of 5G as a general Internet service provider (ISP), particularly through fixed wireless access (FWA), competing with existing technologies such as cable Internet, while also facilitating new applications in the machine-to-machine communication and the Internet of Things (IoT), the latter of which may include diverse applications such as smart cities,
connected infrastructure, industrial IoT, and automated manufacturing processes. Unlike 4G, which was primarily designed for mobile broadband, 5G can handle millions of IoT devices with stringent performance requirements, such as real-time sensor data processing and edge computing. 5G networks also extend beyond terrestrial infrastructure,
incorporating non-terrestrial networks (NTN) such as satellites and high-altitude platforms, to provide global coverage, including remote and underserved areas.5G deployment faces challenges such as significant infrastructure investment, spectrum allocation, security risks, and concerns about energy efficiency and environmental impact associated
with the use of higher frequency bands. However, it is expected to drive advancements in sectors like healthcare, transportation, and entertainment.Mobile base station at Hatta city, UAE5G networks are cellular networks,[5] 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 frequencies 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.The industry consortium setting standards for 5G, the 3rd Generation Partnership Project (3GPP), defines "5G" as any system using 5G NR (5G New Radio) softwarea definition that came into general use by late 2018. 5G continues to use OFDM encoding.Several network
operators use millimeter waves or mmWave 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 and humans. Millimeter-wave
antennas are smaller than the large antennas used in previous cellular networks. 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
bandslow, medium or high.5G can be implemented in low-band, mid-band or high-band millimeter-wave. Low-band 5G uses a similar frequency range to 4G smartphones, 600900MHz, which can potentially offer higher download speeds than 4G: 5250megabits per second (Mbit/s).[6][7] Low-band cell towers have a range and coverage area similar to
4G towers. Mid-band 5G uses microwaves of 1.74.7GHz, allowing speeds of 100900Mbit/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 2447GHz, near the bottom of the millimeter wave band, although higher frequencies may be used in the future. It often achieves download speeds in thegigabit-per-second (Gbit/s) range, comparable to co-axial cable Internet service. However, millimeter waves (mmWave or mmW) have a more limited
range, requiring many small cells.[8] They can be impeded or blocked by materials in walls or windows or pedestrians.[9][10] 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.[6] The spectrum ranging from 24.25 to 29.5GHz has been the most licensed and deployed 5G mmWave spectrum range in the world.[11]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.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).[12] Only eMBB is deployed in 2020; URLLC and mMTC are several years away in most locations.[13]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.[14] 'Ultra-Reliable Low-Latency Communications' (URLLC) refers to using the network for mission-critical applications that require uninterrupted and robust data exchange. 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.[15] 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.[15] 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.[16] However, most autonomous vehicles also feature tele-operations for mission accomplishment, and these greatly benefit from 5G technology.[17][18]The 5G Automotive Association has
been promoting the C-V2X communication technology that will first be deployed in 4G. It provides for communication between vehicles and infrastructures.[19]A real time digital twin of the real object such as a turbine engine, aircraft, wind turbines, offshore platform and pipelines. 5G networks helps in building it due to the latency and throughput to
capture near real-time IoT data and support digital twins.Mission-critical push-to-talk (MCPTT) and mission-critical video and data are expected to be furthered in 5G.[20]Fixed wireless connections will offer an alternative to fixed-line broadband (ADSL, VDSL, fiber optic, and DOCSIS connections) in some locations. Utilizing 5G technology, fixed
wireless access (FWA) can deliver high-speed internet to homes and businesses without the need for extensive physical infrastructure. This approach is particularly beneficial in rural or underserved areas where traditional broadband deployment is too expensive or logistically challenging. 5G FWA can outperform older fixed-line technologies such as
ADSL and VDSL in terms of speed and latency, making it suitable for bandwidth-intensive applications like streaming, gaming, and remote work.[21][22][23]Sony has tested the possibility of using local 5G networks to replace the SDI cables currently used in broadcast camcorders.[24] The 5G Broadcast tests started around 2020 (Orkney, Bavaria,
Austria, Central Bohemia) based on FeMBMS (Further evolved multimedia broadcast multicast service).[25] 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.Main article: Voice over NR5G networks, like 4G
networks, do not natively support voice calls traditionally carried over circuit-switched technology. Instead, voice communication is transmitted over the IP network, similar to IPTV services. To address this, Voice over NR (VoNR) is implemented, allowing voice calls to be carried over the 5G network using the same packet-switched infrastructure as
other IP-based services, such as video streaming and messaging. Similarly to how Voice over LTE (VoLTE) enables voice calls on 4G networks, VoNR (Vo5G) serves as the 5G equivalent for voice communication, but it requires a 5G standalone (SA) network to function.[26]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 message)5G is capable of delivering significantly faster data rates than 4G (5G is approximately 10 times faster than
4G),[27][28] with peak data rates of up to 20 gigabits per second (Gbps).[29] Furthermore, average 5G download speeds have been recorded at 186.3Mbit/s in the U.S. by T-Mobile,[30] while South Korea, as of May2022[update], leads globally with average speeds of 432 megabits per second (Mbps).[31][32] 5G networks are also designed to provide
significantly more capacity than 4G networks, with a projected 100-fold increase in network capacity and efficiency.[33]The most widely used form of 5G, sub-6GHz 5G (mid-band), is capable of delivering data rates ranging from 10 to 1,000 megabits per second (Mbps), with a much greater reach than mm Wave bands. C-Band (n77/n78) was deployed
by various U.S. operators in 2022 in the sub-6 bands, although its deployment by Verizon and AT&T was delayed until early January 2022 due to safety concerns raised by the Federal Aviation Administration. The record for 5G speed in a deployed network is 5.9Gbit/s as of 2023, but this was tested before the network was launched.[34] Low-band
frequencies (such as nb5) offer a greater coverage area for a given cell, but their data rates are lower than those of mid and high bands in the range of 5250megabits per second (Mbps).[7]In 5G, the ideal "air latency" is of the order of 8 to 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.[35] Edge Servers close to the towers have the possibility to reduce round-trip time (RTT) latency to 14 milliseconds and the minimum jitter to 1.84 milliseconds.[36]Latency is much higher during
handovers; ranging from 50 to 500 milliseconds depending on the type of handover[citation needed]. Reducing handover interruption time is an ongoing area of research and development; options include modifying the handover margin (offset) and the time-to-trigger (TTT).5G uses an adaptive modulation and coding scheme (MCS) to keep the block
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.The range of 5G depends on many factors: transmit power, frequency, and interference. For example, mmWave (e.g.: band
n258) will have a lower range than mid-band (e.g.: band n78) which will have a lower range than low-band (e.g.: band n5)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.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.[29] 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.[37][38]5G NR can include lower frequencies (FR1), below 6GHz, and higher frequencies (FR2), above 24GHz.[39] 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.[40][41] The standard
documents are organized by 3rd Generation Partnership Project (3GPP),[42][43] with its system architecture defined in TS 23.501.[44] 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.[45]
Specifications of key data structures are found in TS 23.003.[46] DECT NR+ is a related, non-cellular standard of 5G based on DECT-2020 specifications based on a mesh network.[47][48]Further information: Fronthaul and Common Public Radio InterfacelEEE covers several areas of 5G with a core focus on 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.[pageneeded] 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.[pageneeded]Main article: 5G NR5G NR (5G New Radio) is the de facto air interface developed for 5G networks.[49] It is the global standard for 3GPP 5G networks.[50]The study of 5G 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 at the end of 2018. Since 2019, many operators have deployed 5G NR networks and handset
manufacturers have developed 5G NR enabled handsets.[51]5Gi is an alternative 5G variant developed in India. It was developed in a joint collaboration between IIT Madras, IIT Hyderabad, TSDSI, and the Centre of Excellence in Wireless Technology (CEWIiT) [citation needed]. 5Gi is designed to improve 5G coverage in rural and remote areas over
varying geographical terrains. 5Gi uses Low Mobility Large Cell (LMLC) to extend 5G connectivity and the range of a base station.[52]In April 2022, 5Gi was merged with the global 5G NR standard in the 3GPP Release 17 specifications.[53]5G TF: American carrier Verizon used a pre-standard variation of 5G known as 5G TF (Verizon 5G Technical
Forum) for Fixed Wireless Access in 2018. The 5G service provided to customers in this standard is incompatible with 5G NR. Verizon has since migrated to 5G NR.[54]5G-SIG: KT Corporation had a pre-standard variation of 5G developed called 5G-SIG. This was deployed at the Pyeongchang 2018 Winter Olympics.[55]In the Internet of things (I0T),
3GPP is going to submit the evolution of NB-IoT and eMTC (LTE-M) as 5G technologies for the LPWA (Low Power Wide Area) use case.[56]Standards are being developed by 3GPP to provide access to end devices via non-terrestrial networks (NTN), i.e. satellite or airborne telecommunication equipment to allow for better coverage outside of
populated or otherwise hard to reach locations.[57][58] The enhanced communication quality relies on the unique properties of Air to Ground channel.Several manufacturers have announced and released hardware that integrates 5G with satellite networks:Samsung Electronics introduced a standardized 5G NTN modem technology in Korea in
February 2023,[59] simulated on their Exynos Modem 5300, facilitating smartphone-satellite communication.MediaTek launched the world's first commercially available 5G IoT-NTN chipset, MT6825, capable of automatic satellite message receipt and extensive power efficiency.[60][61]Qualcomm, in collaboration with Skylo, announced new satellite
IoT solutions on June 22, 2023, including the Qualcomm 212S and 9205S modems, supporting the Qualcomm Aware platform for real-time asset tracking and device management.[62]Motorola's Defy Satellite Link hotspot, powered by MediaTek's MT6825, became available in June 2023, providing a portable satellite messaging solution with robust
battery life and built-in GPS.[63][64]Rakuten Symphony, in collaboration with Supermicro, announced high-performing Open RAN technologies and storage systems for operators of cloud-based mobile services.[65]5G-Advanced (also known as 5.5G or 5G-A) is an evolutionary upgrade to 5G technology, defined under the 3GPP Release 18 standard. It
serves as a transitional phase between 5G and future 6G networks, focusing on performance optimization, enhanced spectral efficiency, energy efficiency, and expanded functionality. This technology supports advanced applications such as extended reality (XR), massive machine-type communication (mMTC), and ultra-low latency for critical services,
such as autonomous vehicles.[66][67]1[68] 5G-Advanced would offer a theoretical 10 Gbps downlink, 1 Gbps uplink, 100 billion device connections and lower latency.[69]Additionally, 5G-Advanced integrates artificial intelligence (AI) and machine learning (ML) to optimize network operations, enabling smarter resource allocation and predictive
maintenance. It also enhances network slicing, allowing highly customized virtual networks for specific use cases such as industrial automation, smart cities, and critical communication systems. 5G-Advanced aims to minimize service interruption times during handovers to nearly zero, ensuring robust connectivity for devices in motion, such as high-
speed trains and autonomous vehicles. To further support emerging IoT applications, 5G-Advanced expands the capabilities of RedCap (Reduced Capability) devices, enabling their efficient use in scenarios that require low complexity and power consumption.[70][71] Furthermore, 5G-Advanced introduces advanced time synchronization methods
independent of GNSS, providing more precise timing for critical applications. For the first time in the development of mobile network standards defined by 3GPP, it offers fully independent geolocation capabilities, allowing position determination without relying on satellite systems such as GPS.The standard includes extended support for non-
terrestrial networks (NTN), enabling communication via satellites and unmanned aerial vehicles, which facilitates connectivity in remote or hard-to-reach areas.[72]In December 2023, Finnish operator DNA demonstrated 10 Gbps speeds on its network using 5G-Advanced technology.[73][74] The Release 18 specifications were finalized by mid-2024.
[75][76] On February 27, 2025, Elisa announced its deployment of the first 5G-Advanced network in Finland.[77] In March 2025, China Mobile started deployment of 5G-Advanced network in Hangzhou.[78]See also: List of 5G NR networks5G 3.5 GHz cell site of Deutsche Telekom in Darmstadt, Germany5G 3.5 GHz cell site of Vodafone in Karlsruhe,
GermanyBeyond 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)[79] and Non-Public Networks (NPNs) operating in licensed spectrum. By the mid-to-late 2020s,
standalone private 5G networks are expected to become the predominant wireless communications medium to support the ongoing Industry 4.0 revolution for the digitization and automation of manufacturing and process industries.[80] 5G was expected to increase phone sales.[81]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.[82]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.[83] The equivalent numbers in November 2018 were 192 operators in 81 countries.[84] 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.[85] 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.[86]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.[87][88] 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.[89]The first fairly substantial deployments were in April 2019. In South Korea, SK Telecom claimed 38,000 base
stations, KT Corporation 30,000 and L.G U Plus 18,000; of which 85% are in six major cities.[90] They are using 3.5GHz (sub-6) spectrum in non-standalone (NSA) mode and tested speeds were from 193 to 430Mbit/s down.[91] 260,000 signed up in the first month and 4.7 million by the end of 2019.[92] T-Mobile US was the first company in the world
to launch a commercially available 5G NR Standalone network.[93]Nine companies sell 5G radio hardware and 5G systems for carriers: Altiostar, Cisco Systems, Datang Telecom/Fiberhome, Ericsson, Huawei, Nokia, Qualcomm, Samsung, and ZTE.[94][95][96][97]1[98][99][100] As of 2023, Huawei is the leading 5G equipment manufacturer and has
the greatest market share of 5G equipment and has built approximately 70% of worldwide 5G base stations.[101]:182Large quantities of new radio spectrum (5G NR frequency bands) have been allocated to 5G.[102] 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 14GHz and created four times the amount of flexible, mobile-use spectrum the FCC had licensed to date.[103] In March 2018, European Union lawmakers agreed to open up the 3.6 and 26GHz bands by 2020.[104]As of
March2019[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.[105]5G connectivity on a Samsung Galaxy S10In March 2019, the Global Mobile Suppliers Association released the industry's first database tracking worldwide 5G device launches.[106] 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)).[107] By October 2019, the number of announced 5G devices had
risen to 129, across 15 form factors, from 56 vendors.[108]In the 5G IoT chipset arena, as of April 2019 there were four commercial 5G modem chipsets (Intel, MediaTek, Qualcomm, Samsung) and one commercial processor/platform, with more launches expected in the near future.[109]An Apple iPhone showing that it is connected to a 5G
NetworkOn March 4, 2019, the first-ever all-5G smartphone Samsung Galaxy S10 5G was released. According to Business Insider, the 5G feature was showcased as more expensive in comparison with the 4G Samsung Galaxy S10e.[110] On March 19, 2020, 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 is claimed to support all 5G bands from 600MHz to 3.8GHz.[111] Google Pixel smartphones support 5G starting with the 4a 5G and Pixel 5,[112] while Apple smartphones support 5G starting with the iPhone 12.[113][114]See also:
5G NR frequency bandsThe air interface defined by 3GPP for 5G is known as 5G New Radio (5G NR), and the specification is subdivided into two frequency bands, FR1 (below 6GHz) and FR2 (2454GHz).Otherwise known as sub-6, the maximum channel bandwidth defined for FR1 is 100MHz, due to the scarcity of continuous spectrum in this crowded
frequency range. The band most widely being used for 5G in this range is 3.34.2GHz. The Korean carriers use the n78 band at 3.5GHz.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.The minimum channel bandwidth defined for FR2 is
50MHz and the maximum is 400MHz, with two-channel aggregation supported in 3GPP Release 15. Signals in this frequency range with wavelengths between 4 and 12mm are called millimeter waves. The higher the carrier frequency, the greater the ability to support high data-transfer speeds. This is because a given channel bandwidth takes up a
lower fraction of the carrier frequency, so high-bandwidth channels are easier to realize at higher carrier frequencies.5G in the 24GHz 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 6GHz). 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, walls, and even humans, 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.[115]Cell typesDeployment environmentMax. number of usersOutput power (W)Max. distance from base station5G NR FR2FemtocellHomes, businessesHome: 48Businesses: 1632indoors: 0.010.1outdoors: 0.21tens of metersPico cellPublic areas like
shopping malls,airports, train stations, skyscrapers64 to 128indoors: 0.10.250utdoors: 15tens of metersMicro cellUrban areas to fill coverage gaps128 to 256outdoors: 510few hundreds of metersMacro cellUrban areas to provide additional capacitymore than 250outdoors: 1020hundreds of metersWi-Fi(for comparison)Homes, businessesfewer than
50indoors: 0.020.1outdoors: 0.21few tens of metersSee also: Multi-user MIMOMIMO (multiple-input and multiple-output) 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. Spatial multiplexing gains allow for an increase in the number of transmission layers, thereby boosting system capacity.Massive MIMO antennas increases sector throughput and capacity density using large numbers of antennas. This includes Single User MIMO and Multi-user MIMO (MU-MIMO). The
antenna array can schedule users separately to satisfy their needs and beamform towards the intended users, minimizing interference.[116]Main article: Multi-access edge computingEdge computing is delivered by computing servers closer to the ultimate user. It reduces latency, data traffic congestion[117][118] and can improve service availability.
[119]Main article: Small cellSmall 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.[120][121][122][123]Main article:
BeamformingThere are two kinds of beamforming (BF): 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. 5G uses both digital and analog beamforming to improve the system capacity.[124][125]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.[126]NOMA (non-orthogonal multiple access) is a proposed multiple-access technique for
future cellular systems via allocation of power.[127]Main articles: Software-defined networking, SD-WAN, Network function virtualization, and 5G network slicingInitially, 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.[128] In this context, network slicing has emerged as a key
technology to efficiently embrace this new market model.[129]The 5G Service-Based architecture replaces the referenced-based architecture of the Evolved Packet Core that is used in 4G. The SBA breaks up the core functionality of the network into interconnected network functions (NFs), which are typically implemented as Cloud-Native Network
Functions. These NFs register with the Network Repository Function (NRF) which maintains their state, and communicate with each other using the Service Communication Proxy (SCP). The interfaces between the elements all utilize RESTful APIs.[130] By breaking functionality down this way, mobile operators are able to utilize different
infrastructure vendors for different functions, and the flexibility to scale each function independently as needed.[130]5G Network Functions [131]NF NameNF AcronymAnalogous EPC elementAuthentication Server FunctionAUSFMME / HSS (Authentication)Access and Mobility Management FunctionAMFMMEUnstructured Data Storage
FunctionUDSFN/ANetwork Exposure FunctionNEFN/ANetwork Slice Specific Authentication and Authorization FunctionNSSAAFN/ANetwork Slice Selection FunctionNSSFN/APolicy Control FunctionPCFPCRFSession Management FunctionSMFMME / PGW-CUnified Data ManagementUDMHSS (DB Front End)Unified Data RepositoryUDRHSS (User
Database)User Plane FunctionUPFSGW-U / PGW-UUE radio Capability Management FunctionUCMFN/AApplication FunctionAFAF (IMS)Network Data Analytics FunctionNWDAFN/ACHarging Function CHFCSCFIn addition, the standard describes network entities for roaming and inter-network connectivity, including the Security Edge Protection
Proxy (SEPP), the Non-3GPP InterWorking Function (N3IWF), the Trusted Non-3GPP Gateway Function (TNGF), the Wireline Access Gateway Function (W-AGF), and the Trusted WLAN Interworking Function (TWIF). These can be deployed by operators as needed depending on their deployment.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.[132][133]In December 2018, 3GPP began working on unlicensed spectrum specifications known as 5G NR-U, targeting 3GPP Release 16.[134] Qualcomm has made a similar proposal for LTE in unlicensed spectrum.5G
wireless power is a technology based on 5G standards that transfers wireless power.[135][136] It adheres to technical standards set by the 3rd Generation Partnership Project, the International Telecommunication Union, and the Institute of Electrical and Electronics Engineers. It utilizes extremely high frequency radio waves with wavelengths from
one to ten millimeters, also known as mmWaves.[137][138] Up to 6W of power has been demonstrated being captured from 5G signals at a distance of 180m by researchers at Georgia Tech.[135]Internet of things devices could benefit from 5G wireless power technology, given their low power requirements that are within the range of what has been
achieved using 5G power capture.[139]See also: Concerns over Chinese involvement in 5G wireless networks and Criticism of Huawei Espionage and security concernsA 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.[140]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".[141][142] 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,[143] Arbor Networks,[144] A10 Networks,[145] and Voxility[146] 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.[147] 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.[142] In addition, the EPS solution for 5G networks has identified a design vulnerability. The vulnerability affects the operation of the device during cellular network switching.
[148]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)[149] have taken actions to restrict or eliminate the use of Chinese equipment in their respective 5G networks. A 2012 U.S. House Permanent Select Committee on
Intelligence report concluded that using equipment made by Huawei and ZTE, another Chinese telecommunications company, could "undermine core U.S. national security interests".[150] In 2018, six U.S. intelligence chiefs, including the directors of the CIA and FBI, cautioned Americans against using Huawei products, warning that the company
could conduct "undetected espionage".[151] Further, a 2017 investigation by the FBIdetermined that Chinese-made Huawei equipment could disrupt U.S. nuclear arsenal communications.[152] Chinese vendors and the Chinese government have denied claims of espionage, but experts have pointed out that Huawei would have no choice but to hand
over network data to the Chinese government if Beijing asked for it because of Chinese National Security Law.[153]In August 2020, the U.S. State Department launched "The Clean Network" as a U.S. government-led, bi-partisan effort to address what it described as "the long-term threat to data privacy, security, human rights and principled
collaboration posed to the free world from authoritarian malign actors". Promoters of the initiative have stated that it has resulted in an "alliance of democracies and companies", "based on democratic values". On October 7, 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.[154] In December 2020, the United States announced that more than 60 nations, representing more than two thirds of the
world's gross domestic product, and 200 telecom companies, had publicly committed to the principles of The Clean Network. This alliance of democracies included 27 of the 30 NATO members; 26 of the 27 EU members, 31 of the 37 OECD nations, 11 of the 12 Three Seas nations as well as Japan, Israel, Australia, Singapore, Taiwan, Canada,
Vietnam, and India.Parts of this article (those related to 5G, short for the fifth generation of wireless technology, employs a range of higher-frequency radio waves than its predecessors.) 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 26GHz, will be near that of passive remote sensing such as by weather and Earth observation satellites, particularly for water vapor monitoring at 23.8GHz.[155] 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.[156][157] Interference to satellite operations impairs numerical weather prediction performance with substantially deleterious economic and public safety impacts in areas such as commercial aviation.[158][159]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.[160] 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.[161] 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.[162]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.[163] This is closer to the European recommendation but even the delayed higher standard is much weaker than that requested 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".[164] A representative of the American Meteorological Society (AMS) also warned of interference,[165] 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).[166] 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.[167]The United States FAA has warned that radar altimeters on aircraft, which operate between 4.2 and 4.4GHz, might be affected by 5G operations between 3.7 and 3.98GHz. This is particularly an issue with older altimeters using RF filters[168] which lack protection from
neighboring bands.[169] This is not as much of an issue in Europe, where 5G uses lower frequencies between 3.4 and 3.8GHz.[170] 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.[171]0n 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.[172] After coming to an agreement with government officials the day before,[173] Verizon and AT&T
activated their 5G networks on January 19, 2022, except for certain towers near 50 airports.[174] AT&T scaled back its deployment even further than its agreement with the FAA required.[175]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.[176] Airlines complained about the avoidable impact on their operations, and commentators said the affair called into question the competence of the FAA.[177] 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.[178]Further information: C band (IEEE)A number of 5G networks deployed on the radio frequency band of 3.33.6GHz are expected to cause interference with C-Band satellite stations, which operate by receiving satellite
signals at 3.44.2GHz frequency.[179] This interference can be mitigated with low-noise block downconverters and waveguide filters.[179]In regions like the US and EU, the 6GHz 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.[180]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,[181] ability for 5G's mmWave signal to provide
significant coverage,[182][183] overstating what 5G can achieve or misattributing continuous technological improvement to "5G",[184] lack of new use case for carriers to profit from,[185] wrong focus on emphasizing direct benefits on individual consumers instead of for Internet of Things devices or solving the last mile problem,[186] and
overshadowing the possibility that in some aspects there might be other more appropriate technologies.[187] Such sort of concerns have also led to consumers not trusting information provided by cellular providers on the topic.[188]Main article: 5G misinformationFurther information: Wireless device radiation and healthThere 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. According to the US Centers for Disease Control and Prevention (CDC) "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."[189] Some advocates of fringe health claim the regulatory standards are too low and influenced by lobbying groups.[190]An anti-5G sticker in LuxembourgThere have been rumors that 5G mobile phone use can
cause cancer, but this is a myth.[191] Many popular books of dubious merit have been published on the subject[additional citation(s) needed] 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 Food and Drug Administration to stop selling fake COVID-19 cures through his online alternative medicine business.[190][192]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.[193] According to experts[vague] 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.[194]In April 2019, the city of Brussels in Belgium blocked a 5G trial because of radiation rules.[195] In Geneva, Switzerland, a planned upgrade
to 5G was stopped for the same reason.[196] The Swiss Telecommunications Association (ASUT) has said that studies have been unable to show that 5G frequencies have any health impact.[197]According to CNET,[198] "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."[198][199][200][201][202] Similar concerns were raised in Vermont[203] and New Hampshire.[198] 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".[204] 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.[205][206][207]Low-level EMF does have some effects on other organisms.[208] Vian et al., 2006 finds an effect of microwave on gene expression in plants.[208] A meta-analysis of 95 in vitro and in vivo studies showed that an average of 80% of the
in vivo research showed effects of such radiation, as did 58% of the in vitro research, but that the results were inconclusive as to whether any of these effects pose a health risk.[209]Main article: COVID-19 misinformation 5G mobile-phone networksThe World Health Organization published a mythbuster infographic to combat the conspiracy theories
about COVID-19 and 5GAs the introduction of 5G technology coincided with the time of the COVID-19 pandemic, several conspiracy theories circulating online posited a link between COVID-19 and 5G.[210] This has led to dozens of arson attacks being made on telecom masts in the Netherlands (Amsterdam, Rotterdam, etc.), Ireland (Cork,[211] etc.),
Cyprus, the United Kingdom (Dagenham, Huddersfield, Birmingham, Belfast and Liverpool),[212][213] Belgium (Pelt), Italy (Maddaloni), Croatia (Bibinje)[214] and Sweden.[215] It led to at least 61 suspected arson attacks against telephone masts in the United Kingdom alone[216] 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:[190]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".Main articles: 5G Evolution, LTE Advanced Pro, and LTE AdvancedThis section needs expansion. You can help by adding to it. (October 2023)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".[217] 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.[218]With the rollout of 5G, 4G has become more available and affordable, with the world's most developed countries having >90% LTE coverage.[219] Because of this, 4G is still not obsolete even today.[220] 4G plans are sold alongside 5G plans on US carriers,[221] with 4G being cheaper than 5G.[222]This section needs to be updated.
Please help update this article to reflect recent events or newly available information. (April 2019)Cellular network standards and generation timeline.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.[223] That same year, 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.[224]In August 2012, New York University founded NYU Wireless, a multi-disciplinary academic research centre that has conducted pioneering
work in 5G wireless communications.[225] 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,
Telefnica 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.[226][227]
[228]1[229] On November 1, 2012, the EU project "Mobile and wireless communications Enablers for the Twenty-twenty Information Society" (METIS) started its activity toward the definition of 5G. METIS achieved an early global consensus on these systems. In this sense, METIS played an important role in 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.[230] That same month, 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 Gnther Oettinger, the European Commissioner for Digital Economy and Society (20142019), "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".[231] 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.[232] 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 1.056Gbit/s to a distance of up to 2kilometers with the use of an 8*8 MIMO.[233][234] In July 2013, India and Israel agreed to work jointly on development of fifth generation (5G) telecom technologies.[235] 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.[236] 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.[237]0n April 3, 2019, South Korea became the first country to adopt 5G.[238] 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.[239] 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.[240] In June 2019, the Philippines became the first
country in Southeast Asia to roll out a 5G broadband network after Globe Telecom commercially launched its 5G data plans to customers.[241] 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.[242][243][244]In 2020, AIS and TrueMove H launched
5G services in Thailand, making it the first country in Southeast Asia to have commercial 5G.[245][246] A functional mockup of a Russian 5G base station, developed by domestic specialists as part of Rostec's digital division Rostec.digital, was presented in Nizhny Novgorod at the annual conference "Digital Industry of Industrial Russia".[247][248] 5G
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technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvte1G refers to the first generation of mobile telecommunications standards, introduced in the 1980s. This generation was characterized by the use of analog audio transmissions, a major
distinction from the subsequent 2G networks, which were fully digital. The term "1G" itself was not used at the time, but has since been retroactively applied to describe the early era of cellular networks.During the 1G era, various regional standards were developed and deployed in different countries, rather than a single global system. Among the
most prominent were the Nordic Mobile Telephone (NMT) system and the Advanced Mobile Phone System (AMPS), which were widely adopted in their respective regions.[1] The lack of a unified global standard resulted in a fragmented landscape, with different countries and regions utilizing different technologies for mobile communication.As digital
technology advanced, the inherent advantages of digital systems over analog led to the eventual replacement of 1G by 2G networks. While many 1G networks were phased out by the early 2000s, some continued to operate into the 2010s, particularly in less developed regions.The antecedent to 1G technology is the mobile radio telephone (i.e. "0G"),
where portable phones would connect to a centralised operator. 1G refers to the very first generation of cellular networks.[2] Cellular technology employ a network of cells throughout a geographical area using low-power radio transmitters.[1]Cellular network standards and generation timeline.The first commercial cellular network was launched in
Japan by Nippon Telegraph and Telephone (NTT) in 1979, initially in the metropolitan area of Tokyo. The first phone that used this network was called TZ-801 built by Panasonic.[3] Within five years, the NTT network had been expanded to cover the whole population of Japan and became the first nationwide 1G/cellular network. Before the network in
Japan, Bell Laboratories built the first cellular network around Chicago in 1977 and trialled it in 1978.[4]As in the pre-cellular era, the Nordic countries were among the pioneers in wireless technologies. These countries together designed the NMT standard which first launched in Sweden in 1981.[5] NMT was the first mobile phone network to
feature international roaming. In 1983, the first 1G cellular network launched in the United States, which was Chicago-based Ameritech using the Motorola DynaTAC mobile phone.In the early to mid 1990s, 1G was superseded by newer 2G (second generation) cellular technologies such as GSM and cdmaOne. Although 1G also used digital signaling to
connect the radio towers (which listen to the handsets) to the rest of the telephone system, the voice itself during a call is encoded to digital signals in 2G whereas 1G uses analog FM modulation for the voice transmission, much like a 2-way land mobile radio. Most 1G networks had been discontinued by the early 2000s. Some regions especially
Eastern Europe continued running these networks for much longer. The last operating 1G network was closed down in Russia in 2017.After Japan, the earliest commercial cellular networks launched in 1981 in Sweden, Norway and Saudi Arabia, followed by Denmark, Finland and Spain in 1982, the U.S. in 1983 and Hong Kong, South Korea, Austria
and Canada in 1984. By 1986 networks had also launched in Tunisia, Malaysia, Oman, Ireland, Italy, Luxembourg, Netherlands, United Kingdom, West Germany, France, South Africa, Israel, Thailand, Indonesia, Iceland, Turkey, the Virgin Islands and Australia.[6] Generally, African countries were slower to 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 network, the number of users was
significantly lower than other developed economies with a penetration rate of only 0.15 percent in 1989.[5] As of January 1991, the highest penetration rates were in Sweden and Finland with both countries above 50 percent closely followed by Norway and Iceland. The United States had a rate of 21.2 percent. In most other European countries it was
below 10 percent.[8]Analog cellular technologies that were used were:[6]Advanced Mobile Phone System (AMPS)[9]Nordic Mobile Telephone (NMT)Total Access Communication System (TACS) developed in the United Kingdom and also some other parts of the worldC-450 developed in West Germany and also adopted in Portugal and South
AfricaRadiocom 2000 in France (France Telecom only)RTMI in ItalyMCS-L1 and MCS-L2 (developed by NTT) in Japan[10]JTACS (a variant of TACS operated by Daini Denden Planning, Inc. (DDI)) in Japan[10]List of mobile phone generations2G3G3.5G4G4.5G5G6GWireless Application ProtocolWireless device radiation and health”™ a b "Chapter 3 -
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Technology Base of Mobile Cellular Operators in Germany and China: A Comparative Study from the Perspective of the Resource Based View. Univerlagtuberlin. ISBN9783798320574.Glossary: 1G First Generation wireless technologyGlossary: Detailed Description on 1G TechnologyPrecededby0G Mobile Telephony Generations
Succeededby2GRetrieved from " 8First generation of digital cellular networksFor other uses, see 2G (disambiguation).Part of a series on theWireless network technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvte2G refers to the second-generation
of cellular network technology, which were rolled out globally starting in the early 1990s. The main differentiator to previous mobile telephone systems, retrospectively dubbed 1G, is that the radio signals of 2G networks are digital rather than analog, for communication between mobile devices and base stations. In addition to voice telephony, 2G also
made possible the use of data services.The most common 2G technology has been the GSM standard, which became the first globally adopted framework for mobile communications. Other 2G technologies include cdmaOne and the now-discontinued Digital AMPS (D-AMPS/TDMA),[1] as well the Personal Digital Cellular (PDC) and Personal Handy-
phone System (PHS) in Japan.The transition to digital technology enabled the implementation of encryption for voice calls and data transmission, significantly improving the security of mobile communications while also increasing capacity and efficiency compared to earlier analog systems. 2G networks were primarily designed to support voice calls
and Short Message Service (SMS), with later advancements such as General Packet Radio Service (GPRS) enabling always-on packet data services, including email and limited internet access. 2G was succeeded by 3G technology, which provided higher data transfer rates and expanded mobile internet capabilities.In 1990, AT&T Bell Labs engineers
Jesse Russell, Farhad Barzegar and Can A. Eryaman filed a patent for a digital mobile phone that supports the transmission of digital data. Their patent was cited several years later by Nokia and Motorola when they were developing 2G digital mobile phones.[2]2G was first commercially launched in 1991 by Radiolinja (now part of Elisa Oyj) in Finland
in the form of GSM, which was defined by the European Telecommunications Standards Institute (ETSI).[3] The Telecommunications Industry Association (TIA) defined the cdmaOne (IS-95) 2G standard, with an eight to ten fold increase in voice call capacity compared to analog AMPS.[4] The first deployment of cdmaOne was in 1995.[5] In North
America, Digital AMPS (IS-54 and IS-136) and cdmaOne (IS-95) were dominant, but GSM was also used. Later 2G releases in the GSM space, often referred to as 2.5G and 2.75G, include General Packet Radio Service (GPRS) and Enhanced Data Rates for GSM Evolution (EDGE). GPRS allows 2G networks to achieve a theoretical maximum transfer
speed of 40 kbit/s (5 kB/s). EDGE increases this capacity, providing a theoretical maximum transfer speed of 384 kbit/s (48 kB/s).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).Cellular network standards and generation timeline. (Large titles on the colored area refer to the lines to their
right.Main article: GPRS2.5G ("second-and-a-half generation") refers to 2G systems that incorporate a packet-switched domain alongside the existing circuit-switched domain, most commonly implemented through General Packet Radio Service (GPRS).[6] GPRS enables packet-based data transmission by dynamically allocating multiple timeslots to
users, improving network efficiency. However, this does not inherently provide faster speeds, as similar techniques, such as timeslot bundling, are also employed in circuit-switched data services like High-Speed Circuit-Switched Data (HSCSD). Within GPRS-enabled 2G systems, the theoretical maximum transfer rate is 40 kbit/s (5 kB/s).[7]Main
article: EDGE (telecommunication)2.75G refers to the evolution of GPRS networks into EDGE (Enhanced Data Rates for GSM Evolution) networks, achieved through the introduction of 8PSK (8 Phase Shift Keying) encoding. While the symbol rate remained constant at 270.833 samples per second, the use of 8PSK allowed each symbol to carry three
bits instead of one, significantly increasing data transmission efficiency. Enhanced Data Rates for GSM Evolution (EDGE), also known as Enhanced GPRS (EGPRS) or IMT Single Carrier (IMT-SC), is a backward-compatible digital mobile phone technology built as an extension to standard GSM. First deployed in 2003 by AT&T in the United States,
EDGE offers a theoretical maximum transfer speed of 384 kbit/s (48 kB/s).[7]Evolved EDGE (also known as EDGE Evolution or 2.875G) is an enhancement of the EDGE mobile technology that was introduced as a late-stage upgrade to 2G networks. While EDGE was first deployed in the early 2000s as part of GSM networks, Evolved EDGE was
launched much later, coinciding with the widespread adoption of 3G technologies such as HSPA and just before the emergence of 4G networks. This timing limited its practical application.Evolved EDGE increased data throughput and reduced latencies (down to 80 ms) by utilizing improved modulation techniques, dual carrier support, dual antennas,
and turbo codes. It achieved peak data rates of up to 1 Mbit/s, significantly enhancing network efficiency for operators that had not yet transitioned to 3G or 4G infrastructures. However, despite its technical improvements, Evolved EDGE was never widely deployed. By the time it became available, most network operators were focused on
implementing more advanced technologies like UMTS and LTE. As of 2016, no commercial networks were reported to support Evolved EDGE.See also: GSM Discontinuation2G, understood as GSM and CdmaOne, has been superseded by newer technologies such as 3G (UMTS / CDMA2000), 4G (LTE / WiMAX) and 5G (5G NR). However, 2G networks
were still available as of 2023[update] in most parts of the world, while notably excluding the majority of carriers in North America, East Asia, and Australasia.[8][9][10]Many modern LTE-enabled devices have the ability to fall back to 2G for phone calls, necessary especially in rural areas where later generations have not yet been implemented.[11]
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.[12] In the US T-Mobile shut down their 3G services while retaining their 2G GSM network.[13][14]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 re-use the frequencies for newer technologies (e.g. 4G, 5G).[15][16]As a legacy protocol, 2G connectivity is considered insecure.[17] Specifically, there exist well known methods to
attack weaknesses in GSM since 2009[18] with practical use in crime.[19] Attack routes on 2G CdmaOne were found later and remain less publicized.[20]JAndroid 12 and later provide a network setting to disable 2G connectivity for the device.[21] iOS 16 and later can disable 2G connectivity by enabling Lockdown Mode.[22]In some parts of the world,
including the United Kingdom, 2G remains widely used for older feature phones and for internet of things (IoT) devices such as smart meters, eCall systems and vehicle trackers to avoid the high patent licensing cost of newer technologies.[23] Terminating 2G services could leave vulnerable people who rely on 2G infrastructure unable to
communicate even with emergency contacts, causing harm and possibly deaths.[24]CountryStatusNetworkShutdown dateStandardNoteslandlcom2024GSM2G availability cannot be guaranteed after 1 Jan 2022, all stations are planned to be shut down in 2024.[25]AnguillaDigicelactive GSM900MHz: 5MHz GSM + 5MHz UMTS1900MHz: 5MHz UMTS
[26][271[28][29]FLOW2024-04-22GSM[30][31]Antigua and BarbudaNo ServiceAPUA2018-04-01GSM[32]Digicel2024-05-31GSM[33]FLOW2024-07-31GSM][34]ArubapartiallyunconfirmedDigicel2024-06-30GSM[35]SETARactiveGSMGSM-900 & GSM-1900AustraliaNo ServiceHutchison 32006-08-09cdmaOne[36][37]1[381[39]1[40]0ptus2017-08-01GSM2G
shut down in WA and NT on 3 Apr 2017.[41][42]Telstra2008-04-28cdmaOne[43][44]1[45][46][47]Telstra2016-12-01GSM[48]Vodafone2018-06-14GSM[49]BahamasNo ServiceAlivN/A(no 2G)BTC2024-06-30GSM[50][51][52]BahrainBatelco2021-11-30GSM[53]BarbadospartiallyunconfirmedDigicel2025-03-31GSM900MHz: 6MHz GSM /1800MHz: 12MHz
GSM [54]FLOW2024-04-22GSMBelgiumOrange2030GSM[55]Telenet2027GSM[56]Proximus2027GSM[57]BermudaDigicelactive GSM1900MHz: 15MHz GSM + 15MHz LTE [58]OneactiveGSM1900MHz: 5MHz GSM + 20MHz LTE [58]BonairepartiallyunconfirmedDigicel2025-03-31 GSMFLOW2024-04-22GSMBritish Virgin
IslandsCCTactiveGSM1900MHz: 10MHz GSM + 20MHz LTE [59]DigicelactiveGSM1800MHz: 15MHz GSM1900MHz: 5MHz GSM + 10MHz UMTS [59]FLOW2024-04-22GSM[60]BruneiNo ServiceUNN2021-06-01GSMNational Wholesale Network used by DSTCom, Progresif and imagine.[61][62]CanadaBell2019-04-30cdmaOneShutdown of CDMA
transmitters commenced in remote areas in 2017, followed by an official announcement in June 2018 that 2G devices will lose service soon.[63][64]Rogers WirelessTBDGSM 1900 MHz shutdown in Jun 2021.850MHz remains active.[65][66][67][68]SaskTel2017-07-31cdmaOne[69][70]Telus Mobility2017-05-31cdmaOne[71][72]Cayman
IslandspartiallyunconfirmedDigicel2020-07-01GSM[73][74]FLOW2024-04-22GSMChinaChina MobileactiveGSM900MHz: 15MHz GSM1800MHz: 25MHz GSM [75]China Telecom2025cdmaOneLocal shutdown commenced on 01 Jun 2020.CDMA2000 1xRTT, EV-DO Rev. A/B (3G) service also terminates.[75][76][77]China Unicom2025GSMLocal
shutdown commenced on 18 Apr 2018.[75][781[79]1[771[80]ChileEntel2024 Q3GSMLocal shutdown commenced on 22 Jul 2024 in the Arica and Parinacota Region.[81]ColombiaClaro2023-02-23GSM[82][83]Tigo2022-11-01GSM[84]CuraaoDigicel2025-03-31GSMFLOW2024-02-29GSM[85][86]DominicapartiallyunconfirmedDigicel2027-03-
31GSMFLOW2024-03-??GSM[87]FranceBouygues2026-12-31GSM[88]0range2026-09GSM[55]SFR2026GSM[89]GermanyDeutsche Telekom2028-06-30GSM[90]Vodafone2030-12-31GSM[91]Telefnica (O2)TBDGSMGrenadaunconfirmedDigicel2024-03-31GSMFLOW2024-04-22GSMGuamunconfirmedGTA Teleguam?GSMHong Kong32008-11-
20cdmaOneShut down due to license expiry. Government originally did not allow the license to be renewed due to unpopularity, however the government later reversed the decision and held an auction for CDMA2000 service, which PCCW-HKT won the auction and provided CDMA2000 service immediately after 3's license expiry.32021-09-
30GSM[92]CMHKactiveGSM1800MHz onlyCSL2005D-AMPSService previously provided by Pacific Link, which subsequently merged into CSL. Shut down due to license expiry. Government did not allow the license to be renewed due to unpopularity.CSL2017-10-31cdmaOneService previously provided by PCCW. After acquisition of CSL by HKT, its
mobile business PCCW Mobile was merged into CSL. No service for local customers, only served incoming roaming tourists.CSL terminated its CDMA family business upon its licence expiry, and CDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated along with cdmaOne.[93]CSL2024-11-08GSM[94]SmarTone2022-10-
14GSM[95]IcelandNova2025-01-28GSM[96]Sminn2025 Q4GSM[97]VodafoneMid 2025GSM[98][99]IsraelHot Mobile2019-12-31iDEN[100]2025GSMPer government statement.[101]JamaicaNo ServiceDigicel2024-08-31GSM[102][103]FLOW2024-04-15GSM[104][103][105]JapanNo Serviceau KDDI2012-07-22cdmaOne[106]NTT Docomo2012-03-
31PDC[107]Softbank2010-03-31PDC[108]JordanUmniah2021-03-11GSM[109]LuxembourgOrange2030GSM[55]MacauNo ServiceCTM2019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming users.[110][111][112]32019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming
users.[110][111]SmarTone2019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming users.[110][111]MexicoAT&T2019-09-01GSM[113]Local shutdown commenced in Q1 2019.Movistar2021-01-01GSM[114]MontserratunconfirmedDigicel?GSMFLOW2024-04-22GSMNetherlandsKPN2025-12-01GSM[115]T-
Mobile2021-06-01 /2023-11-15(I0oT)GSM[116]New CaledoniaOPT-NC2025GSMShutdown commenced in 2022.[117]New Zealand2degrees2018-03-15GSM[118]Spark2012-07-31cdmaOne[119][120]NorwayTelenor2027GSM[121]Telia2025GSM[121]PanamaDigicel2022-06-30GSMComplete shutdown of operations and market exit.[122][123][124]
[125]PeruBitelN/A(no 2G)PolandOrange2030GSM[55]RomaniaOrange2030GSM[55]Saint Kitts and NevisDigicel2027-03-31GSMFLOW2024-04-22GSM[126]Saint LuciapartiallyunconfirmedDigicel2027-03-31 GSMFLOW?2024-04-22GSM[127]Saint Vincent and the GrenadinesDigicel2027-03-31GSMFLOW2023-09-30GSM[128][129][130]
[131]SingaporeNo ServiceM12017-04-18GSM[132]Singtel2017-04-18GSM[132]StarHub2017-04-18GSM[132]Sint MaartenSabaSint EustatiusNo ServiceTelCell2019-01-01GSM[133]FLOW (UTS)2017-09-26GSM[134]SlovakiaOrange2030GSM[55]South AfricaTBDGSMPer government statement.[135][136]South KoreaNo ServiceKT2012-03-
19cdmaOneCDMA2000 1xRTT, EV-DO Rel. 0 (3G) service has also terminated.[137]LG Uplus2021-06-30cdmaOneCDMA2000 1xRTT, EV-DO Rev. A/B (3G) service has also terminated.[138]SK Telecom2020-07-27cdmaOneCDMA2000 1xRTT, EV-DO Rel. 0 (3G) service has also terminated.[139]SpainOrange2030GSM[55]SwedenNet4Mobility
(Telenor/Tele2)2025-12-31GSM2G network will be shut down by the end of 2025.[140][141][142]Telia2027GSMShutdown pushed back from 2025 to 2027.[143][144]SwitzerlandNo ServiceSalt2020-12-31GSMShutdown commenced on 1 Jul 2020. A few single 2G-only sites remained until Sep 2023 to preserve CSFB functionality.[145][146]
[147]Sunrise2023-01-03GSMWith the introduction of S-RAN in 2018 phaseout was previously postponed to 2022.[148][149][150]Swisscom2021-04-07GSMOfficial shutdown on 31 Dec 2020 (guaranteed availability).[151][152][153]TaiwanNo ServiceChunghwa Telecom2017-06-30GSM[154]FarEasTone2017-06-30GSM[154]Taiwan Mobile2017-06-
30GSM[154]Trinidad and TobagoDigicel2024-12-31GSM[155][156][157]bmobile (TSTT)TBDGSM850MHz: 2.5MHz GSM + 5MHz UMTS [158][159]Turks and Caicos IslandsDigicel2025-06-30GSM900MHz: 9.8MHz GSM [160]FLOW2024-04-22GSM[161]United Arab EmiratesNo ServiceDu2023-12-31GSM[162]Etisalat2023-12-31GSM[163]United
Kingdom2033GSMPer government statement on confirmation by mobile providers.[164][165][166]United StatesPuerto RicoUS Virgin IslandsAT&T2008-02-18D-AMPSTDMA (D-AMPS) on 1900 MHz shut down on 15 July 2007.[167]2017-01-01GSM[168]Cellcom(US only)2023-12-01cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also
terminated.[169]Claro(PR only)2028-12-31GSMCommnet Wireless (Choice)(US only)2022-12-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[170]Copper Valley Wireless2022-09-30cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[171]Edge Wireless2007-06-30D-AMPS[172]T-
Mobile2025GSMShutdown commenced on 9 Feb 2025.[173][174]T-Mobile (Sprint)2022-05-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.Shutdown commenced on 31 Mar 2022.[175][176][1771[178]UScellular(US only)2009-02D-AMPS[179]UScellular(US only)2024-01-14cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G)
service has also terminated.[180][181]Verizon(US only)2022-12-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[182]VenezuelaDigitel2024-03-08GSMShutdown commenced in May 2021.[183][184]Movilnet2025GSM[183]Movistar2025GSMShutdown commenced on 01 Jul 2022.[183]VietnamNo ServiceGmobile2024-10-
16GSMper government regulation[185]Mobifone2024-10-16GSMper government regulation[185]VietnamobileN/A(no 2G)Viettel2024-10-16GSMper government regulation[185]Vinaphone2024-10-16GSMper government regulation[185]Cliff effectDropoutList of mobile phone generationsMobile radio telephone, also known as 0G1G3G4G5G6GWireless
device radiation and health”™ "2G Sunset Brings Faster Speeds, Newer Technologies". 16 January 2017. Retrieved 27 January 2023.” US5257397A, Barzegar, Farhad; Eryaman, Can A. & Russell, Jesse E. et al., "Mobile data telephone", issued 1993-10-26 (filed 1990-08-13)" "Radiolinja's History". 20 April 2004. Archived from the original on 23
October 2006. Retrieved 23 December 2009.” "CDMA Network Technology: A Decade Of Advances And Challenges". www.tek.com. Retrieved 26 February 2025.” "4: CDMA - Cellular Technologies for Emerging Markets: 2G, 3G and Beyond [Book]". www.oreilly.com. Retrieved 26 February 2025.” "What is Second and a Half Generation (2.5G)". IGI
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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 1Gbit/s. In January 2012, the ITU backtracked on its previous definition for
4G, claiming that Mobile WiMAX 2 and LTE Advanced are "true 4G" while their predecessors are "transitional" 3G-4G.[1]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.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-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 2000kbit/s peak bit rate.[9] The fastest 3G-based
standard in the UMTS family is the HSPA+ standard, which has been commercially available since 2009 and offers 21Mbit/s downstream (11Mbit/s upstream) without MIMO, i.e. with only one antenna, and in 2011 accelerated up to 42Mbit/s peak bit rate downstream using either DC-HSPA+ (simultaneous use of two 5SMHz UMTS carriers)[10] or2x2
MIMO. In theory speeds up to 672Mbit/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 15.67Mbit/s downstream.In 2008, ITU-R specified the IMT Advanced (International Mobile Telecommunications Advanced) requirements for 4G
systems.Main article: LTE frequency bandsThis 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:[11]Be based on an all-IP packet switched network.Have peak data rates of up to approximately 100Mbit/s for
high mobility such as mobile access and up to approximately 1Gbit/s for low mobility such as nomadic/local wireless access.[5]Be able to dynamically share and use the network resources to support more simultaneous users per cell.Use scalable channel bandwidths of 520MHz, optionally up to 40MHz.[5][12]Have peak link spectral efficiency of
15bit/sHz in the downlink, and 6.75bit/sHz in the up link (meaning that 1Gbit/s in the downlink should be possible over less than 67MHz bandwidth).System spectral efficiency is, in indoor cases, 3bit/sHzcell for downlink and 2.25bit/sHzcell for up link.[5]Smooth handovers across heterogeneous networks.In September 2009, the technology proposals
were submitted to the International Telecommunication Union (ITU) as 4G candidates.[13] Basically all proposals are based on two technologies:LTE Advanced standardized by the 3GPP802.16m standardized by the IEEEImplementations 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.[14] 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 1Gbit/s for stationary reception and 100Mbit/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.As of October 2010, ITU-R Working Party 5D approved two
industry-developed technologies (LTE Advanced and WirelessMAN-Advanced)[15] 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.Main article: LTE AdvancedLTE 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 as of 2013 has been released to the public.[16][needs update]The target of 3GPP LTE Advanced is to reach and surpass the ITU requirements.[17] 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-AdvancedLTE AdvancedPeak download1000Mbit/sPeak upload0500Mbit/sThis 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 1Gbit/s for stationary reception and 100Mbit/s for mobile reception.[18]Main article: LTE (telecommunication)Telia-branded Samsung LTE modemHuawei 4G+ Dual Band ModemThe 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 100Mbit/s in the downlink and 50Mbit/s in the uplink if a 20MHz 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.[19] As of November 2012, the five publicly available LTE services in the United States are provided by MetroPCS,[20] Verizon Wireless,[21] AT&T Mobility, U.S.
Cellular,[22] Sprint,[23] and T-Mobile US.[24]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 L.G U+ have enabled access to LTE service since 1 July 2011 for data devices, slated to go
nationwide by 2012.[25] KT Telecom closed its 2G service by March 2012 and completed nationwide LTE service in the same frequency around 1.8GHz by June 2012.In the United Kingdom, LTE services were launched by EE in October 2012,[26] by O2 and Vodafone in August 2013,[27] and by Three in December 2013.[28]Data speeds of
LTE[29]LTEPeak download0150Mbit/sPeak upload0050Mbit/sThe 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 128Mbit/s downlink and 56Mbit/s uplink over 20MHz wide channels. [citation needed]In June 2006,
the world's first commercial mobile WiMAX service was opened by KT in Seoul, South Korea.[30]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.[31]In Russia, Belarus and Nicaragua WiMax broadband
internet access were offered by a Russian company Scartel, and was also branded 4G, Yota.[32]Data speeds of WiMAXWiMAXPeak download0128Mbit/sPeak upload0056Mbit/sIn 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.This section possibly contains original synthesis. Source material should verifiably mention and relate to the main topic. Relevant discussion may be found on the talk page. (April 2017) (Learn how and when to remove this 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.Main article: Ultra Mobile BroadbandUMB (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.[33] The objective was to achieve data speeds over 275Mbit/s downstream and over 75Mbit/s upstream.At an early stage the Flash-OFDM system was expected to be further developed into a 4G standard.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.This section needs additional citations for verification. Please help improve this article by adding citations to reliable sources in this section. Unsourced material may be challenged and
removed. (August 2015) (Learn how and when to remove this message)The following key features can be observed in all suggested 4G technologies:Physical layer transmission techniques are as follows:[34]MIMO: To attain ultra high spectral efficiency by means of spatial processing including multi-antenna and multi-user MIMOFrequency-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 equalizationFrequency-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.[35]Turbo principle error-correcting codes: To minimize the required SNR at the reception sideChannel-dependent scheduling: To use the time-varying channelLink adaptation: Adaptive modulation and
error-correcting codesMobile IP utilized for mobilityIP-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[36] lack soft-handover support, also known as cooperative relaying.This section



may contain information not important or relevant to the article's subject. Please help improve this section. (May 2010) (Learn how and when to remove this 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.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] 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 June2009[update], Verizon has posted specifications that require any 4G devices on its network to support IPv6.[37]
[38]Main articles: MIMO and Multi-user MIMOThe 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.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.In 1991, WiLAN founders Hatim Zaghloul and Michel Fattouche invented wideband orthogonal frequency-division multiplexing (WOFDM), the basis for wideband wireless communication applications,[39]
including 4G mobile communications.[40]Cellular network standards and generation timeline.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.[41][pageneeded] 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 4Gwhich ITU designated as IMT Advancedwas laid out.In 2004, LTE was first proposed by NTT DoCoMo of Japan.[42]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.[43]In April 2006, KT Corporation started the world's first commercial mobile WiMAX service in Seoul, South Korea.[44]In mid-2006, Sprint announced that it would invest about US$5 billion in a WiMAX technology buildout over the next few years[45] ($7.8billion in real terms[46]). 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 120MHz 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 44 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 5Gbit/s in the downlink with 1212 MIMO using a 100MHz frequency
bandwidth while moving at 10km/h,[47] and is planning on releasing the first commercial network in 2010.In September 2007, NTT Docomo demonstrated e-UTRA data rates of 200Mbit/s with power consumption below 100mW during the test.[48]In January 2008, a U.S. Federal Communications Commission (FCC) spectrum auction for the 700MHz
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.[49] Both of these companies have stated their intention of supporting LTE.In January 2008, EU commissioner Viviane Reding suggested re-allocation of 500800MHz spectrum for wireless communication,
including WiMAX.[50]On 15 February 2008, Skyworks Solutions released a front-end module for e-UTRAN.[51][52][53]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.[54]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 50Mbit/s while travelling at 110km/h.[55]On
12 November 2008, HTC announced the first WiMAX-enabled mobile phone, the Max 4G[56]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.[57] 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.[58]In December 2009, Sprint began advertising
"4G" service in selected cities in the United States, despite average download speeds of only 36Mbit/s with peak speeds of 10Mbit/s (not available in all markets).[59]0n 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.[60][61]
TeliaSonera used spectral bandwidth of 10MHz, and single-in-single-out, which should provide physical layer net bit rates of up to 50Mbit/s downlink and 25Mbit/s in the uplink. Introductory tests showed a TCP throughput of 42.8Mbit/s downlink and 5.3Mbit/s uplink in Stockholm.[62]0n 4 June 2010, Sprint released the first WiMAX smartphone in
the US, the HTC Evo 4G.[63]0n November 4, 2010, the Samsung Craft offered by MetroPCS is the first commercially available LTE smartphone[64]0n 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".[65]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.[66][67]In February 2012, Ericsson demonstrated mobile-TV over
LTE, utilizing the new eMBMS service (enhanced Multimedia Broadcast Multicast Service).[68]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.4G introduces a potential inconvenience for those who travel internationally or wish to switch carriers. In order to make and receive 4G voice
calls (VOLTE), 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 2G/3G for voice calling may still be possible if a 2G/3G network is available with a matching frequency band).[69]Main article: 5GA 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).[70]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.As of 2023, many countries and regions have started the transition from 4G to 5G, the next generation of cellular technology. 5G promises even faster speeds,
lower latency, and the ability to connect a vast number of devices simultaneously.4G networks are expected to coexist with 5G networks for several years, providing coverage in areas where 5G is not available.This section is about WiMAX & LTE network shutdowns. For shutdowns of HSPA+ (UMTS) networks that are sometimes labeled as 4G, see 3G
Phase-out.CountryNetworkShutdown dateStandardNotesCanadaXplore Mobile2022-08-31LTE[71]JamaicaDigicel2018-10-31WiMAX[72]MacauSmartone2024-11-11LTESmartone ceased operation in Macau and surrendered its license to government.[73]MalaysiaYes 4G 2019-10-01WiMAX[74][75]NepalNepal Telecom2021-12-??WiMAX[76]Trinidad and
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