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Marist.sandhya.aneja@gmail.comWireless telecommunications have revolutionized how we connect and communicate in the modern world.The cellular network lies at the heart of this transformation. With the rise in smartphones and mobile devices, cellular networks have become integral to our daily lives.DataReportal revealed that 5.56 billion
people worldwide use mobile phones. That means just as many people are on some type of cellular network.This simple yet comprehensive guide will explore cellular networks. Get to know this telecommunication networks components, types, features, and how it works.What is a cellular network?A cellular network (aka mobile network) is a
communication system consisting of interconnected base stations.These base stations, often called cell towers, transmit and receive radio signals to provide wireless communication for mobile devices.Get 3 free quotes 4,000+ BPO SUPPLIERSUnlike traditional landlines, cellular networks offer the advantage of mobility, allowing users to
communicate virtually anywhere within the networks coverage area.What is a cellular networkCellular network vs. Wi-Fi networkWhile both cellular and Wi-Fi networks provide wireless connectivity, they serve different purposes and operate in distinct ways.Cellular networks rely on a network of cell sites that use a global system for mobile
communication, providing coverage over a wide area.Wi-Fi networks use local wireless networks. In contrast, cellular networks rely on a broader network infrastructure, making them more reliable in areas with limited Wi-Fi connectivity.Wi-Fi networks also have faster data transfer speeds compared to cellular networks.However, cellular networks
offer wide coverage and the ability to connect to the internet without being near a Wi-Fi hotspot.Cellular network architectureA cellular network is essentially a radio network spread out over land in the form of cells, each with a base station.Get the complete toolkit, freeThese cells provide broader coverage, allowing communication even when mobile
devices move between cells.Cellular network architecture in the context of a mobile network enables mobile communication by dividing regions into smaller areas known as cells.The cellular network infrastructure consists of the following components:Mobile equipment (ME)ME is the users phone or device. Modern smartphones have the capability to
work on any network worldwide.They are identified by a unique international mobile equipment identity (IMEI) number.Base transceiver station (BTS)The BTS is the antenna on top of a tower. It serves as the access point for mobile phones and manages radio communications.The BTS covers signal modulation, voice encoding, encryption, and
multiplexing. Multiple BTSs can be used to cover a larger area.CellEach cell has a base station with multiple radio frequency (RF) channels. Cells provide coverage for mobile users within their borders.The size of a cell can vary, with the initial cell radius around 30 km and reducing to 1 km.Base station controller (BSC)The BSC manages multiple
BTSs. It handles frequency management, power, and signal measurements, radio channel distribution, and handovers between BTSs.The BSC increases network capacity and can be located near or far from the BTS.Mobile switching center (MSC)The MSC is the networks central hub. It manages call setup, routing, and switching operations.It interacts
with other MSCs, registers and manages BSCs, and facilitates handoffs between them.Types of cellular networksAs technology continues to evolve, the advancement of cellular networks remains essential in ensuring seamless and efficient communication for cellular devices across the globe.There are various types of cellular networks. Here is a
breakdown of each cellular network type:GThe first generation of cellular technology, G, stands for general packet radio service (GPRS).It could transfer only up to 114 kilobits of cellular data per second.2G2G saw a significant improvement in mobile communication services, including the introduction of digital encryption and SMS.However, 2Gs
limitations include slow data transfer speeds and low-quality calls. EDGEEnhanced data rates for GSM evolution (EDGE) was the first cellular data network that provided faster internet speeds than a dial-up modem. EDGE has a maximum data transfer speed of 217 kbit/s.3G3G was the first network that enabled high-speed internet browsing, video
calling, and mobile applications.3G is capable of handling more data and providing faster internet speeds.Types of cellular networksHH refers to HSDPA, the high-speed downlink packet access that extends 3G voice and broadband data capacity. H is responsible for faster download speeds and a better mobile browsing experience.H+H+ stands for
evolved high-speed downlink packet access (HSPA+) and is an upgrade to HSDPA. It provides higher internet speeds and faster cellular data transfers compared to H.4G4G, also known as long-term evolution (LTE), offers ultra-fast internet speeds and significantly improved call quality. 4G has a maximum data transfer rate of up to 1 GB/s.5G5G is the
most advanced cellular network, providing faster internet and significant advancements in mobile connectivity.It has low latency and the ability to connect several devices simultaneously.Features of cellular network systemsBeing on a cellular network boasts features that showcase their effectiveness and reliability:Roaming. Users can maintain
connectivity even when traveling outside their home networks coverage area.Handover. Seamless transition between cell towers ensures uninterrupted calls and data sessions.Encryption. Communication over a cellular network is encrypted to protect user data and privacy.Global reach. Cellular networks provide worldwide coverage, making them a
crucial tool for international communication.Data transfer. A cellular network provides internet connectivity to mobile devices. It lets users browse the web, stream media, and access cloud-based services.Cellular network systems are integral components of modern mobile communication, facilitating the seamless connection between mobile phone
and the mobile network.Working on the cellular networkThe cellular network offers numerous benefits for businesses. By leveraging this technology, companies can ensure reliable and seamless communication across their workforce regardless of location.Employees can stay connected while on the move. This enables them to access critical
information, collaborate with colleagues, and respond to external stakeholders in real-time.Working on the cellular network requires a deep understanding of interconnected components like the mobile switching center, cell site, and mobile phone.This level of connectivity helps organizations enhance productivity, streamline operations, and stay
competitive.Additionally, cellular networks provide the flexibility to scale communication infrastructure based on business needs.They guarantee efficient and cost-effective connectivity for both small and large enterprises.Communication networkThis article is about the infrastructure of cellular networks. For the companies that provide services on
these networks, see Mobile network operator.Top of a cellular radio towerIndoor cell site in GermanyPart of a series onAntennasCommon typesDipoleFractalLoopMonopoleSatellite dishTelevisionWhipComponentsBalunBlock upconverterCoaxial cableCounterpoise (ground system)FeedFeed lineLow-noise block downconverterPassive
radiatorReceiverRotatorStubTransmitterTunerTwin-leadSystemsAntenna farmAmateur radioCellular networkHotspotMunicipal wireless networkRadioRadio masts and towersWi-FiWirelessSafety and regulationWireless device radiation and healthWireless electronic devices and healthInternational Telecommunication Union(Radio Regulations)World
Radiocommunication ConferenceRadiation sources/ regionsBoresightFocal cloudGround planeMain lobeNear and far fieldSide lobeVertical planeCharacteristicsArray gainDirectivityEfficiencyElectrical lengthEquivalent radiusFactorFriis transmission equationGainHeightRadiation patternRadiation resistanceRadio propagationRadio spectrumSignal-to-
noise ratioSpurious emissionTechniquesBeam steeringBeam tiltBeamformingSmall cellBell Laboratories LayeredSpace-Time (BLAST)Massive Multiple-input multiple-output (MIMO)ReconfigurationSpread spectrumWideband Space DivisionMultiple Access (WSDMA)vteA cellular network or mobile network is a telecommunications network where the
link to and from end nodes is wireless and the network is distributed over land areas called cells, each served by at least one fixed-location transceiver (such as a base station). These base stations provide the cell with the network coverage which can be used for transmission of voice, data, and other types of content via radio waves. Each cell's
coverage area is determined by factors such as the power of the transceiver, the terrain, and the frequency band being used. A cell typically uses a different set of frequencies from neighboring cells, to avoid interference and provide guaranteed service quality within each cell.[1][2]When joined together, these cells provide radio coverage over a wide
geographic area. This enables numerous devices, including mobile phones, tablets, laptops equipped with mobile broadband modems, and wearable devices such as smartwatches, to communicate with each other and with fixed transceivers and telephones anywhere in the network, via base stations, even if some of the devices are moving through
more than one cell during transmission. The design of cellular networks allows for seamless handover, enabling uninterrupted communication when a device moves from one cell to another.Modern cellular networks utilize advanced technologies such as Multiple Input Multiple Output (MIMO), beamforming, and small cells to enhance network
capacity and efficiency.Cellular networks offer a number of desirable features:[2]More capacity than a single large transmitter, since the same frequency can be used for multiple links as long as they are in different cellsMobile devices use less power than a single transmitter or satellite since the cell towers are closerLarger coverage area than a
single terrestrial transmitter, since additional cell towers can be added indefinitely and are not limited by the horizonCapability of utilizing higher frequency signals (and thus more available bandwidth / faster data rates) that are not able to propagate at long distancesWith data compression and multiplexing, several video (including digital video) and
audio channels may travel through a higher frequency signal on a single wideband carrierMajor telecommunications providers have deployed voice and data cellular networks over most of the inhabited land area of Earth. This allows mobile phones and other devices to be connected to the public switched telephone network and public Internet access.
In addition to traditional voice and data services, cellular networks now support Internet of Things (IoT) applications, connecting devices such as smart meters, vehicles, and industrial sensors.The evolution of cellular networks from 1G to 5G has progressively introduced faster speeds, lower latency, and support for a larger number of devices,
enabling advanced applications in fields such as healthcare, transportation, and smart cities.Private cellular networks can be used for research[3] or for large organizations and fleets, such as dispatch for local public safety agencies or a taxicab company, as well as for local wireless communications in enterprise and industrial settings such as
factories, warehouses, mines, power plants, substations, oil and gas facilities and ports.[4]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. (February 2025) (Learn how and when to remove this
message)Example of frequency reuse factor or pattern, with four frequencies (F1-F4)In a cellular radio system, a land area to be supplied with radio service is divided into cells in a pattern dependent on terrain and reception characteristics. These cell patterns roughly take the form of regular shapes, such as hexagons, squares, or circles although
hexagonal cells are conventional. Each of these cells is assigned with multiple frequencies (f1f6) which have corresponding radio base stations. The group of frequencies can be reused in other cells, provided that the same frequencies are not reused in adjacent cells, which would cause co-channel interference.The increased capacity in a cellular
network, compared with a network with a single transmitter, comes from the mobile communication switching system developed by Amos Joel of Bell Labs[5] that permitted multiple callers in a given area to use the same frequency by switching calls to the nearest available cellular tower having that frequency available. This strategy is viable because
a given radio frequency can be reused in a different area for an unrelated transmission. In contrast, a single transmitter can only handle one transmission for a given frequency. Inevitably, there is some level of interference from the signal from the other cells which use the same frequency. Consequently, there must be at least one cell gap between
cells which reuse the same frequency in a standard frequency-division multiple access (FDMA) system.Consider the case of a taxi company, where each radio has a manually operated channel selector knob to tune to different frequencies. As drivers move around, they change from channel to channel. The drivers are aware of which frequency
approximately covers some area. When they do not receive a signal from the transmitter, they try other channels until finding one that works. The taxi drivers only speak one at a time when invited by the base station operator. This is a form of time-division multiple access (TDMA).See also: History of mobile phonesExamples of modern devices that
may use cellular networks: a mobile phone (top-left), an emergency/panic button in a car (top-right), an electricity smart meter (bottom-left) and a mobile broadband USB modem attached to a laptop (bottom-right)The idea to establish a standard cellular phone network was first proposed on December 11, 1947. This proposal was put forward by
Douglas H. Ring, a Bell Labs engineer, in an internal memo suggesting the development of a cellular telephone system by AT&T.[6][7]The first commercial cellular network, the 1G generation, was launched in Japan by Nippon Telegraph and Telephone (NTT) in 1979, initially in the metropolitan area of Tokyo. However, NTT did not initially
commercialize the system; the early launch was motivated by an effort to understand a practical cellular system rather than by an interest to profit from it.[8][9] In 1981, the Nordic Mobile Telephone system was created as the first network to cover an entire country. The network was released in 1981 in Sweden and Norway, then in early 1982 in
Finland and Denmark. Televerket, a state-owned corporation responsible for telecommunications in Sweden, launched the system.[8][10][11]In September 1981, Jan Stenbeck, a financier and businessman, launched Comvik, a new Swedish telecommunications company. Comvik was the first European telecommunications firm to challenge the state's
telephone monopoly on the industry.[12][13][14] According to some sources, Comvik was the first to launch a commercial automatic cellular system before Televerket launched its own in October 1981. However, at the time of the new networks release, the Swedish Post and Telecom Authority threatened to shut down the system after claiming that
the company had used an unlicensed automatic gear that could interfere with its own networks.[14][15] In December 1981, Sweden awarded Comvik with a license to operate its own automatic cellular network in the spirit of market competition.[14][15][16]The Bell System had developed cellular technology since 1947, and had cellular networks in
operation in Chicago, Illinois,[17] and Dallas, Texas, prior to 1979; however, regulatory battles delayed AT&T's deployment of cellular service to 1983,[18] when its Regional Holding Company Illinois Bell first provided cellular service.[19]First-generation cellular network technology continued to expand its reach to the rest of the world. In 1990,
Millicom Inc., a telecommunications service provider, strategically partnered with Comviks international cellular operations to become Millicom International Cellular SA.[20] The company went on to establish a 1G systems foothold in Ghana, Africa under the brand name Mobitel.[21] In 2006, the companys Ghana operations were renamed to Tigo.
[22]The wireless revolution began in the early 1990s,[23][24][25] leading to the transition from analog to digital networks.[26] The MOSFET invented at Bell Labs between 1955 and 1960,[27][28][29][30][31] was adapted for cellular networks by the early 1990s, with the wide adoption of power MOSFET, LDMOS (RF amplifier), and RF CMOS (RF
circuit) devices leading to the development and proliferation of digital wireless mobile networks.[26][32][33]The first commercial digital cellular network, the 2G generation, was launched in 1991. This sparked competition in the sector as the new operators challenged the incumbent 1G analog network operators.To distinguish signals from several
different transmitters, a number of channel access methods have been developed, including frequency-division multiple access (FDMA, used by analog and D-AMPS|citation needed] systems), time-division multiple access (TDMA, used by GSM) and code-division multiple access (CDMA, first used for PCS, and the basis of 3G).[2]With FDMA, the
transmitting and receiving frequencies used by different users in each cell are different from each other. Each cellular call was assigned a pair of frequencies (one for base to mobile, the other for mobile to base) to provide full-duplex operation. The original AMPS systems had 666 channel pairs, 333 each for the CLEC "A" system and ILEC "B" system.
The number of channels was expanded to 416 pairs per carrier, but ultimately the number of RF channels limits the number of calls that a cell site could handle. FDMA is a familiar technology to telephone companies, which used frequency-division multiplexing to add channels to their point-to-point wireline plants before time-division multiplexing
rendered FDM obsolete.With TDMA, the transmitting and receiving time slots used by different users in each cell are different from each other. TDMA typically uses digital signaling to store and forward bursts of voice data that are fit into time slices for transmission, and expanded at the receiving end to produce a somewhat normal-sounding voice at
the receiver. TDMA must introduce latency (time delay) into the audio signal. As long as the latency time is short enough that the delayed audio is not heard as an echo, it is not problematic. TDMA is a familiar technology for telephone companies, which used time-division multiplexing to add channels to their point-to-point wireline plants before
packet switching rendered FDM obsolete.The principle of CDMA is based on spread spectrum technology developed for military use during World War II and improved during the Cold War into direct-sequence spread spectrum that was used for early CDMA cellular systems and Wi-Fi. DSSS allows multiple simultaneous phone conversations to take
place on a single wideband RF channel, without needing to channelize them in time or frequency. Although more sophisticated than older multiple access schemes (and unfamiliar to legacy telephone companies because it was not developed by Bell Labs), CDMA has scaled well to become the basis for 3G cellular radio systems.Other available methods
of multiplexing such as MIMO, a more sophisticated version of antenna diversity, combined with active beamforming provides much greater spatial multiplexing ability compared to original AMPS cells, that typically only addressed one to three unique spaces. Massive MIMO deployment allows much greater channel reuse, thus increasing the number
of subscribers per cell site, greater data throughput per user, or some combination thereof. Quadrature Amplitude Modulation (QAM) modems offer an increasing number of bits per symbol, allowing more users per megahertz of bandwidth (and decibels of SNR), greater data throughput per user, or some combination thereof.The key characteristic of
a cellular network is the ability to reuse frequencies to increase both coverage and capacity. As described above, adjacent cells must use different frequencies, however, there is no problem with two cells sufficiently far apart operating on the same frequency, provided the masts and cellular network users' equipment do not transmit with too much
power.[2]The elements that determine frequency reuse are the reuse distance and the reuse factor. The reuse distance, D is calculated as D = R 3 N {\displaystyle D=R{\sqrt {3N}}} ,where R is the cell radius and N is the number of cells per cluster. Cells may vary in radius from 1 to 30 kilometres (0.62 to 18.64mi). The boundaries of the cells can
also overlap between adjacent cells and large cells can be divided into smaller cells.[34]The frequency reuse factor is the rate at which the same frequency can be used in the network. It is 1/K (or K according to some books) where K is the number of cells which cannot use the same frequencies for transmission. Common values for the frequency
reuse factor are 1/3, 1/4, 1/7, 1/9 and 1/12 (or 3, 4, 7, 9 and 12, depending on notation).[35]In case of N sector antennas on the same base station site, each with different direction, the base station site can serve N different sectors. N is typically 3. A reuse pattern of N/K denotes a further division in frequency among N sector antennas per site. Some
current and historical reuse patterns are 3/7 (North American AMPS), 6/4 (Motorola NAMPS), and 3/4 (GSM).If the total available bandwidth is B, each cell can only use a number of frequency channels corresponding to a bandwidth of B/K, and each sector can use a bandwidth of B/NK.Code-division multiple access-based systems use a wider
frequency band to achieve the same rate of transmission as FDMA, but this is compensated for by the ability to use a frequency reuse factor of 1, for example using a reuse pattern of 1/1. In other words, adjacent base station sites use the same frequencies, and the different base stations and users are separated by codes rather than frequencies.
While N is shown as 1 in this example, that does not mean the CDMA cell has only one sector, but rather that the entire cell bandwidth is also available to each sector individually.Recently also orthogonal frequency-division multiple access based systems such as LTE are being deployed with a frequency reuse of 1. Since such systems do not spread
the signal across the frequency band, inter-cell radio resource management is important to coordinate resource allocation between different cell sites and to limit the inter-cell interference. There are various means of inter-cell interference coordination (ICIC) already defined in the standard.[36] Coordinated scheduling, multi-site MIMO or multi-site
beamforming are other examples for inter-cell radio resource management that might be standardized in the future.Cellular telephone frequency reuse pattern. See U.S. patent 4,144,411Cell towers frequently use a directional signal to improve reception in higher-traffic areas. In the United States, the Federal Communications Commission (FCC)
limits omnidirectional cell tower signals to 100 watts of power. If the tower has directional antennas, the FCC allows the cell operator to emit up to 500 watts of effective radiated power (ERP).[37]Although the original cell towers created an even, omnidirectional signal, were at the centers of the cells and were omnidirectional, a cellular map can be
redrawn with the cellular telephone towers located at the corners of the hexagons where three cells converge.[38] Each tower has three sets of directional antennas aimed in three different directions with 120 degrees for each cell (totaling 360 degrees) and receiving/transmitting into three different cells at different frequencies. This provides a
minimum of three channels, and three towers for each cell and greatly increases the chances of receiving a usable signal from at least one direction.The numbers in the illustration are channel numbers, which repeat every 3 cells. Large cells can be subdivided into smaller cells for high volume areas.[39]Cell phone companies also use this directional
signal to improve reception along highways and inside buildings like stadiums and arenas.[37]Practically every cellular system has some kind of broadcast mechanism. This can be used directly for distributing information to multiple mobiles. Commonly, for example in mobile telephony systems, the most important use of broadcast information is to set
up channels for one-to-one communication between the mobile transceiver and the base station. This is called paging. The three different paging procedures generally adopted are sequential, parallel and selective paging.The details of the process of paging vary somewhat from network to network, but normally we know a limited number of cells
where the phone is located (this group of cells is called a Location Area in the GSM or UMTS system, or Routing Area if a data packet session is involved; in LTE, cells are grouped into Tracking Areas). Paging takes place by sending the broadcast message to all of those cells. Paging messages can be used for information transfer. This happens in
pagers, in CDMA systems for sending SMS messages, and in the UMTS system where it allows for low downlink latency in packet-based connections.In LTE/4G, the Paging procedure is initiated by the MME when data packets need to be delivered to the UE.Paging types supported by the MME are:Basic.SGs CS and SGs PS.QCI 1 through QCI 9.In a
primitive taxi system, when the taxi moved away from a first tower and closer to a second tower, the taxi driver manually switched from one frequency to another as needed. If communication was interrupted due to a loss of a signal, the taxi driver asked the base station operator to repeat the message on a different frequency.In a cellular system, as
the distributed mobile transceivers move from cell to cell during an ongoing continuous communication, switching from one cell frequency to a different cell frequency is done electronically without interruption and without a base station operator or manual switching. This is called the handover or handoff. Typically, a new channel is automatically
selected for the mobile unit on the new base station which will serve it. The mobile unit then automatically switches from the current channel to the new channel and communication continues.The exact details of the mobile system's move from one base station to the other vary considerably from system to system (see the example below for how a
mobile phone network manages handover). WCDMA network architectureThe most common example of a cellular network is a mobile phone (cell phone) network. A mobile phone is a portable telephone which receives or makes calls through a cell site (base station) or transmitting tower. Radio waves are used to transfer signals to and from the cell
phone.Modern mobile phone networks use cells because radio frequencies are a limited, shared resource. Cell-sites and handsets change frequency under computer control and use low power transmitters so that the usually limited number of radio frequencies can be simultaneously used by many callers with less interference.A cellular network is
used by the mobile phone operator to achieve both coverage and capacity for their subscribers. Large geographic areas are split into smaller cells to avoid line-of-sight signal loss and to support a large number of active phones in that area. All of the cell sites are connected to telephone exchanges (or switches), which in turn connect to the public
telephone network.In cities, each cell site may have a range of up to approximately 12 mile (0.80km), while in rural areas, the range could be as much as 5 miles (8.0km). It is possible that in clear open areas, a user may receive signals from a cell site 25 miles (40km) away. In rural areas with low-band coverage and tall towers, basic voice and
messaging service may reach 50 miles (80km), with limitations on bandwidth and number of simultaneous calls. [citation needed]Since almost all mobile phones use cellular technology, including GSM, CDMA, and AMPS (analog), the term "cell phone" is in some regions, notably the US, used interchangeably with "mobile phone". However, satellite
phones are mobile phones that do not communicate directly with a ground-based cellular tower but may do so indirectly by way of a satellite.There are a number of different digital cellular technologies, including: Global System for Mobile Communications (GSM), General Packet Radio Service (GPRS), cdmaOne, CDMA2000, Evolution-Data Optimized
(EV-DO), Enhanced Data Rates for GSM Evolution (EDGE), Universal Mobile Telecommunications System (UMTS), Digital Enhanced Cordless Telecommunications (DECT), Digital AMPS (IS-136/TDMA), and Integrated Digital Enhanced Network (iDEN). The transition from existing analog to the digital standard followed a very different path in Europe
and the US.[40] As a consequence, multiple digital standards surfaced in the US, while Europe and many countries converged towards the GSM standard.A simple view of the cellular mobile-radio network consists of the following:A network of radio base stations forming the base station subsystem.The core circuit switched network for handling voice
calls and textA packet switched network for handling mobile dataThe public switched telephone network to connect subscribers to the wider telephony networkThis network is the foundation of the GSM system network. There are many functions that are performed by this network in order to make sure customers get the desired service including
mobility management, registration, call set-up, and handover.Any phone connects to the network via an RBS (Radio Base Station) at a corner of the corresponding cell which in turn connects to the Mobile switching center (MSC). The MSC provides a connection to the public switched telephone network (PSTN). The link from a phone to the RBS is
called an uplink while the other way is termed downlink.Radio channels effectively use the transmission medium through the use of the following multiplexing and access schemes: frequency-division multiple access (FDMA), time-division multiple access (TDMA), code-division multiple access (CDMA), and space-division multiple access (SDMA).Main
article: Small cellSmall cells, which have a smaller coverage area than base stations, are categorised as follows:Microcell -> less than 2 kilometres,Picocell -> less than 200 metres,Femtocell -> around 10 metres,Attocell -> 14 metresMain article: HandoverAs the phone user moves from one cell area to another cell while a call is in progress, the
mobile station will search for a new channel to attach to in order not to drop the call. Once a new channel is found, the network will command the mobile unit to switch to the new channel and at the same time switch the call onto the new channel. With CDMA, multiple CDMA handsets share a specific radio channel. The signals are separated by using
a pseudonoise code (PN code) that is specific to each phone. As the user moves from one cell to another, the handset sets up radio links with multiple cell sites (or sectors of the same site) simultaneously. This is known as "soft handoff" because, unlike with traditional cellular technology, there is no one defined point where the phone switches to the
new cell.In IS-95 inter-frequency handovers and older analog systems such as NMT it will typically be impossible to test the target channel directly while communicating. In this case, other techniques have to be used such as pilot beacons in IS-95. This means that there is almost always a brief break in the communication while searching for the new
channel followed by the risk of an unexpected return to the old channel.If there is no ongoing communication or the communication can be interrupted, it is possible for the mobile unit to spontaneously move from one cell to another and then notify the base station with the strongest signal.Main article: Cellular frequenciesThe effect of frequency on
cell coverage means that different frequencies serve better for different uses. Low frequencies, such as 450 MHz NMT, serve very well for countryside coverage. GSM 900 (900MHz) is suitable for light urban coverage. GSM 1800 (1.8GHz) starts to be limited by structural walls. UMTS, at 2.1GHz is quite similar in coverage to GSM 1800.Higher
frequencies are a disadvantage when it comes to coverage, but it is a decided advantage when it comes to capacity. Picocells, covering e.g. one floor of a building, become possible, and the same frequency can be used for cells which are practically neighbors.Cell service area may also vary due to interference from transmitting systems, both within
and around that cell. This is true especially in CDMA based systems. The receiver requires a certain signal-to-noise ratio, and the transmitter should not send with too high transmission power in view to not cause interference with other transmitters. As the receiver moves away from the transmitter, the power received decreases, so the power control
algorithm of the transmitter increases the power it transmits to restore the level of received power. As the interference (noise) rises above the received power from the transmitter, and the power of the transmitter cannot be increased anymore, the signal becomes corrupted and eventually unusable. In CDMA-based systems, the effect of interference
from other mobile transmitters in the same cell on coverage area is very marked and has a special name, cell breathing.One can see examples of cell coverage by studying some of the coverage maps provided by real operators on their web sites or by looking at independently crowdsourced maps such as Opensignal or CellMapper. In certain cases
they may mark the site of the transmitter; in others, it can be calculated by working out the point of strongest coverage.A cellular repeater is used to extend cell coverage into larger areas. They range from wideband repeaters for consumer use in homes and offices to smart or digital repeaters for industrial needs.The following table shows the
dependency of the coverage area of one cell on the frequency of a CDMA2000 network:[41]Frequency (MHz)Cell radius (km)Cell area (km2)Relative cell count45048.97521195026.922693.3180014.061812.2210012.044916.2Cellular network standards and generation timeline.Lists and technical information:Mobile technologies2G networks (the first
digital networks, 1G and 0G were analog):GSMCircuit Switched Data (CSD)GPRSEDGE(IMT-SC)Evolved EDGEDigital AMPSCellular Digital Packet Data (CDPD)cdmaOne (IS-95)Circuit Switched Data (CSD)Personal Handy-phone System (PHS)Personal Digital Cellular3G networks:UMTSW-CDMA (air interface)TD-CDMA (air interface)TD-SCDMA (air
interface) HSPAHSDPAHSPA+CDMA20000FDMA (air interface)EVDOSVDO4G networks:IMT AdvancedLTE (TD-LTE)LTE AdvancedLTE Advanced ProWiMAXWiMAX-Advanced (WirelessMAN-Advanced)Ultra Mobile Broadband (never commercialized)MBWA (IEEE 802.20, Mobile Broadband Wireless Access, HC-SDMA, iBurst, has been shut down)5G
networks:5G NR5G-AdvancedStarting with EVDO the following techniques can also be used to improve performance:MIMO, SDMA and BeamformingCellular frequenciesCDMA frequency bandsGSM frequency bandsUMTS frequency bandsLTE frequency bands5G NR frequency bandsDeployed networks by technologyList of UMTS networksList of
CDMA2000 networksList of LTE networksList of deployed WiMAX networksList of 5G NR networksDeployed networks by country (including technology and frequencies)List of mobile network operators of EuropeList of mobile network operators of the AmericasList of mobile network operators of the Asia Pacific regionList of mobile network operators
of the Middle East and AfricaList of mobile network operators (summary)Mobile country code - code, frequency, and technology for each operator in each countryComparison of mobile phone standardsList of mobile phone brands by country (manufacturers)Equipment:Cellular repeaterCellular routerProfessional mobile radio (PMR)OpenBTSRemote
radio headBaseband unitRadio access networkMobile cell sitesOther:Antenna diversityCellular trafficMIMO (multiple-input and multiple-output)Mobile edge computingMobile phone radiation and healthNetwork simulationPersonal Communications ServiceRadio resource management (RRM)Routing in cellular networksSignal strengthTitle 47 of the
Code of Federal Regulations”™ "Cellular Networks, Cells, and Base Stations EITC". www.eitc.org. Retrieved 22 November 2024.” a b ¢ d Guowang Miao; Jens Zander; Ki Won Sung; Ben Slimane (2016). Fundamentals of Mobile Data Networks. Cambridge University Press. ISBN978-1107143210.”™ Tom Simonite (24 January 2013). "Google's Private
Cell Phone Network Could Be a Threat to Cellular Carriers | MIT Technology Review". Technologyreview.com. Archived from the original on 29 October 2013. Retrieved 23 November 2013.” "Private 5G Networks: 2024 2030". www.snstelecom.com. Retrieved 8 May 2024.” U.S. patent 3,663,762, issued 16 May 1972.” Alexis C. Madrigal (16
September 2011). "The 1947 Paper That First Described a Cell-Phone Network". The Atlantic.”™ Zhou, Shengjun (2 February 2024). "From 0G to 5G, the century-long ups and downs of mobile communication". Medium. Retrieved 8 January 2025.” a b "Cellular: an economic and business history of the international mobile-phone industry | Library of
Congress". www.loc.gov. Retrieved 8 January 2025.” Dunnewijk, Theo; Hultn, Staffan (1 August 2007). "A brief history of mobile communication in Europe". Telematics and Informatics. Mobile Communications: From Cellular to Ad-hoc and Beyond. 24 (3): 164179. doi:10.1016/j.tele.2007.01.013. ISSN0736-5853.”~ Al-Khouri, Ali M. (2015). "Towards a
SIM-less Existence: The Evolution of Smart Learning Networks". Educational Technology. 55 (1): 1926. ISSN0013-1962.” Carlsson, Lennart; Tribune, International Herald (8 October 1991). "Nordic Mobile Phones a Ringing Success". The New York Times. ISSN0362-4331. Retrieved 8 January 2025.” Syvertsen, Trine; Enli, Gunn; Mjs, Ole J.; Moe,
Hallvard (2014), "The Nordic Media Company", The Media Welfare State, Nordic Media in the Digital Era, University of Michigan Press, pp.96118, doi:10.2307/j.ctv65swsg.8, retrieved 9 January 2025” Garrard, Garry A. (1998). Cellular communications: worldwide market development. The Artech House mobile communications series. Boston: Artech
House. ISBN978-0-89006-923-3.” a b ¢ Eriksson, Klas; Lakomaa, Erik; Nykvist, Rasmus; Sandstrm, Christian (5 March 2024). "Introducing the inverted Icarus paradox in business history Evidence from David and Goliath in the Swedish telecommunications industry 19811990". Business History: 126. doi:10.1080/00076791.2023.2292134. ISSN0007-
6791.” a b Andersson, Per (2014). Stenbeck: En biografi ver en framgngsrik affrsman. Modernista. ISBN978-91-7499-230-4.”~ Mlleryd, Bengt G. (1999). Entrepreneurship in technological systems: the development of mobile telephony in Sweden. Stockholm: Economic Research Institute, Stockholm School of Economics [Ekonomiska
forskningsinstitutet vid Handelshgsk.] (EFI. ISBN978-91-7258-523-2.” "Advanced Mobile Phone Service: The Developmental System". Bell System Technical Journal. 58 (1): 249269. January 1979. doi:10.1002/j.1538-7305.1979.tb02218.x.” Robert W. Crandall (28 March 2007). "The AT&T Divestiture: Was It Necessary? Was It a Success?". Slide 11.”
"1946: First Mobile Telephone Call". AT&T Labs. 2011. Archived from the original on 12 December 2012. Retrieved 24 April 2012.”~ Millicom International Cellular S.A. (31, March 2004). Form 6-K. Retrieved from the Securities and Exchange Commission". ©~ Millicom International Cellular S.A. (31, Dec. 2008). Form 20-F. Retrieved from the
Securities and Exchange Commission".” "Bharti Airtel and Millicom announce deal closure to combine operations in Ghana". www.bharti.com. Retrieved 10 January 2025.” Golio, Mike; Golio, Janet (2018). RF and Microwave Passive and Active Technologies. CRC Press. pp.ix, I-1, 182. ISBN9781420006728. Archived from the original on 22 January
2023. Retrieved 16 October 2019.”™ Rappaport, T. S. (November 1991). "The wireless revolution". IEEE Communications Magazine. 29 (11): 5271. doi:10.1109/35.109666. S2CID46573735.” "The wireless revolution". The Economist. 21 January 1999. Archived from the original on 16 October 2019. Retrieved 12 September 2019.” a b Baliga, B. Jayant
(2005). Silicon RF Power MOSFETS. World Scientific. ISBN9789812561213. Archived from the original on 22 January 2023. Retrieved 16 October 2019.”™ Huff, Howard; Riordan, Michael (1 September 2007). "Frosch and Derick: Fifty Years Later (Foreword)". The Electrochemical Society Interface. 16 (3): 29. doi:10.1149/2.F02073IF. ISSN1064-
8208.” Frosch, C. J.; Derick, L (1957). "Surface Protection and Selective Masking during Diffusion in Silicon". Journal of the Electrochemical Society. 104 (9): 547. doi:10.1149/1.2428650.” Lojek, Bo (2007). History of Semiconductor Engineering. Springer Science & Business Media. p.120. ISBN9783540342588.” Lojek, Bo (2007). History of
Semiconductor Engineering. Berlin, Heidelberg: Springer-Verlag Berlin Heidelberg. p.321. ISBN978-3-540-34258-8.” Ligenza, J.R.; Spitzer, W.G. (1960). "The mechanisms for silicon oxidation in steam and oxygen". Journal of Physics and Chemistry of Solids. 14: 131136. Bibcode:1960JPCS...14..131L. doi:10.1016/0022-3697(60)90219-5.”~ Asif, Saad
(2018). 5G Mobile Communications: Concepts and Technologies. CRC Press. pp.128134. ISBN9780429881343. Archived from the original on 22 January 2023. Retrieved 16 October 2019.” O'Neill, A. (2008). "Asad Abidi Recognized for Work in RF-CMOS". IEEE Solid-State Circuits Society Newsletter. 13 (1): 5758. d0i:10.1109/N-SSC.2008.4785694.
ISSN1098-4232.” J. E. Flood. Telecommunication Networks. Institution of Electrical Engineers, London, UK, 1997. chapter 12.”~ "Phone Networks". The Reverse Phone. 8 June 2011. Archived from the original on 30 April 2012. Retrieved 2 April 2012.” Pauli, Volker; Naranjo, Juan Diego; Seidel, Eiko (December 2010). "Heterogeneous LTE Networks
and Inter-Cell Interference Coordination" (PDF). Nomor Research. Archived from the original (PDF) on 3 September 2013. Retrieved 2 April 2012.”~ a b Drucker, Elliott, The Myth of Cellular Tower Health Hazards, archived from the original on 2 May 2014, retrieved 19 November 2013" "Cellular Telephone Basics". Privateline.com. 1 January 2006.
p.2. Archived from the original on 17 April 2012. Retrieved 2 April 2012.” U.S. patent 4,144,411 Cellular Radiotelephone System for Different Cell Sizes Richard H. Frenkiel (Bell Labs), filed 22 September 1976, issued 13 March 1979” Paetsch, Michael (1993): The evolution of mobile communications in the US and Europe. Regulation, technology,
and markets. Boston, London: Artech House (The Artech House mobile communications library).” Colin Chandler (3 December 2003). "CDMA 2000 and CDMA 450" (PDF). p.17. Retrieved 28 January 2024.P. Key, D. Smith. Teletraffic Engineering in a competitive world. Elsevier Science B.V., Amsterdam Netherlands, 1999. ISBN978-0444502681.
Chapter 1 (Plenary) and 3 (mobile).William C. Y. Lee, Mobile Cellular Telecommunications Systems (1989), McGraw-Hill. ISBN978-0-071-00790-0.Raciti, Robert C. (July 1995). "CELLULAR TECHNOLOGY". Nova Southeastern University. Archived from the original on 15 July 2013. Retrieved 2 April 2012.A History of Cellular NetworksWhat are cellular
networks? 1G to 6G Features & EvolutionTechnical Details with Call Flow about LTE Paging Procedure.Retrieved from " Mobile networks are also known as cellular networks. They're made up of "cells," which are areas of land that are typically hexagonal, have at least one transceiver cell tower within their area, and use various radio frequencies.
These cells connect to one another and to telephone switches or exchanges. Cell towers connect to each other to hand off packets of signalsdata, voice, and text messagingultimately bringing these signals to mobile devices such as phones and tablets that act as receivers. Providers use each others' towers in many areas, creating a complex web that
offers the widest possible network coverage to subscribers. Corbis / Getty Images Many network subscribers use mobile networks' frequencies at the same time. Cell tower sites and mobile devices manipulate the frequencies so that they can use low-power transmitters to supply their services with the least possible interference. Mobile networks have
evolved through a series of generations, each representing significant technological improvements over the previous generations. The first two generations of mobile networks first introduced analog voice (1G) and then digital voice (2G). 1G GPRS and 2G EDGE on GSM networks as well as 2G CDMA networks allowed for data connections although
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technology, while AT&T, T-Mobile, and most other providers around the world use GSM. GSM is the world's most widely used mobile network technology. Signal reception, call quality, and speed all depend on many factors. The user's location, service provider, and equipment all play a role. GSM and CDMA don't differ much on quality, but the way
they work does. From a consumer standpoint, GSM is more convenient because a GSM phone carries all the customer's data on a removable SIM card; to change phones, the customer simply swaps the SIM card into the new GSM phone, and it connects to the provider's GSM network. A GSM network must accept any GSM-compliant phone, leaving
consumers quite a bit of freedom over their choices in equipment. CDMA phones, on the other hand, aren't as easily transferred between carriers. CDMA carriers identify subscribers based on safelists, not SIM cards, and only approved phones are allowed on their networks. Some CDMA phones use SIM cards, but these are for the purpose of
connecting to LTE networks or for flexibility when the phone is used outside of the U.S.GSM wasn't available in the mid-1990s when some networks switched from analog to digital, so they locked into CDMAat the time, the most advanced mobile network technology.Thanks for letting us know!Get the Latest Tech News Delivered Every
DaySubscribeTell us why! Table of Contents Imagine a world where your smartphone, smartwatch, and even your refrigerator stay connected seamlessly, no matter where you go. This is the power of cellular networksthe invisible backbone of modern wireless communication. By dividing regions into smaller cells served by cell towers, these networks
enable everything from voice calls and text messages to real-time IoT data transmission. Unlike Wi-Fi or Bluetooth, cellular networks use licensed radio frequencies, managed by carriers, to ensure reliable, wide-area coverage. Whether streaming videos, tracking delivery fleets, or monitoring smart homes, cellular technology keeps devices talking,
adapting as you move, and scaling to support billions of connections globally.What is Cellular NetworkCellular network is a wireless system that connects devices through interconnected cellsgeographic zones each covered by a cell tower. These towers transmit signals using specific radio frequencies, allowing devices like phones or IoT sensors to
communicate without wires. When you move, your device automatically switches towers, maintaining uninterrupted service. Built on standards like 4G LTE and 5G, cellular networks prioritize speed, security, and scalability, supporting everything from instant messaging to industrial automation. Beyond smartphones, they empower IoT
ecosystemsthink smart meters, wearables, or connected vehiclesto share data globally, transforming how we live, work, and interact with technology.The Types of Cellular NetworkTodays global cellular networks are built on generations of evolving technology. GSM (2G) laid the foundation for digital voice and text communication. UMTS/HSPA (3G)
brought mobile internet, enabling video calls and early app usage. LTE/LTE-A (4G) turbocharged connectivity with faster speeds for streaming and cloud services. Now, NR (5G) is reshaping the landscape with ultra-fast, low-latency networks that support smart infrastructure, immersive tech, and massive 0T ecosystems.How Does Cellular Network
Work?Cellular networks divide coverage areas into small cellseach with a tower (or base station). When you use your phone or cellular device, it connects wirelessly to the nearest tower via radio signals. These signals travel on specific frequency bands to avoid interference.If you move, the network automatically hands off your connection to the next
tower, keeping you connected without drops. Older networks (3G) use dedicated circuits for calls, while modern ones (4G/5G) convert voice, texts, and videos into data packets for faster, more efficient delivery.Behind the scenes, towers link to a carriers core network (via fiber cables or satellites), which routes data to its destinationwhether thats
another phone, a website, or smart device.The Features of Cellular NetworkIncreased Capacity: Dividing coverage into cells reuses frequencies without interference, boosting simultaneous connections.Energy Efficiency: Nearby towers reduce device power use, extending battery life.Scalable Coverage: Adding towers expands coverage, not limited by
the horizon.High-Frequency Bandwidth: Use higher frequencies for faster speeds and greater bandwidth.Data Efficiency: Transmit multiple video/audio streams via data compression and multiplexing on a single high-frequency wideband carrier.Key Components of Cellular Network InfrastructureA cellular network operates through interconnected
elements that collectively enable secure data routing, user connectivity, and system authorization. This framework sustains both mobile communication services and modern IoT ecosystems. Below are the 11 key components in a cellular network infrastructure: IoT devicesloT gateway Base Station (Cell Tower) Base Station Controller (BSC) Mobile
Switching Center (MSC) Home Location Register (HLR) Visitor Location Register (VLR) Authentication Center (AuC) Gateway Mobile Switching Center (GMSC) Short Message Service Center (SMSC) Operation and Maintenance Center (OMC)For a detailed explanation, you can read Understanding Cellular Networks for IoT Device Connectivity.The
Applications of Cellular NetworkIoT IndustryIndustrial Automation: Factories use cellular-connected sensors and machines for real-time monitoring of production lines, predictive maintenance, and supply chain optimization.Asset Tracking: GPS-enabled cellular asset trackers, tags and even gateways track shipments, vehicles, and equipment globally,
improving logistics efficiency.Personnel Management: Workers in logistics hubs and construction sites wear cellular-based smart badges combining BLE and GNSS positioning, enabling real-time tracking and safety monitoring.Smart CityIntelligent Parking Systems: Cellular-connected sensors detect parking space availability, guiding drivers via
mobile apps.Environmental Monitoring: Air quality sensors and flood detection systems transmit data via cellular networks for rapid public alerts.Waste Optimization: Fill-level sensors in public trash bins enable efficient collection route planning.HealthcareRemote Patient Monitoring: Cellular-connected wearables transmit vital signs (ECG, blood
oxygen) to healthcare providers for chronic disease management.Pharmaceutical Logistics: Temperature and humidity sensors in cellular-enabled containers ensure integrity of sensitive medical shipments.Hospital Asset Tracking: Real-time location monitoring of medical equipment through cellular-connected BLE tracking tags.Key Differences
Between Cellular Network vs WiFiFeatureCellular NetworkWi-FiCoverageWide area (city, country, global)Local (home, office, hotspot)InfrastructureRequires cell towers and base stationsRequires routers and access pointsFrequency BandsUses licensed spectrum (e.g., 4G, 5G)Uses unlicensed bands (2.4GHz, 5GHz, 6GHz)MobilitySeamless
connectivity across locationsLimited to router rangeSecurityEncrypted by carriers, SIM-based authenticationCan be encrypted (WPA, WPA2, WPA3), but more vulnerable to local attacksUsageMobile phones, IoT devices, outdoor connectivityHome internet, office networks, public hotspotsThe Future of Cellular NetworkThe future of cellular networks
is poised for groundbreaking innovation, led by the rise of 5G technology. By delivering faster speeds, ultra-low latency, and expanded capacity, 5G will unlock seamless video streaming, lifelike augmented and virtual reality experiences, and reliable support for interconnected IoT devices. These advancements promise to transform industries like
healthcare, transportation, and entertainment through real-time data exchange and enhanced connectivity.Looking beyond 5G, the concept of network slicing will enable tailored network setups, offering businesses and users personalized solutions for efficiency and adaptability. Meanwhile, AI and machine learning will elevate network intelligence,



automating management tasks, predicting system needs, and fortifying security. FAQWhat is the current cellular technology?The current cellular technologies include 5G, LTE-M, LTE-Cat 1, NB-IoT, and more, each serving different needs.What is meant by cellular technology?Cellular technology refers to wireless communication systems using cell
towers to provide coverage, enabling mobile connectivity for devices like phones and 10T.Is Wi-Fi a cellular technology?No, Wi-Fi is not a cellular technology. It uses unlicensed spectrum for local wireless connectivity, unlike cellular networks that rely on licensed spectrum.
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