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Cellular Technologies 

 



Objectives 

 Explain, compare, and contrast different cellular 

technologies 

 List different cellular signaling technologies 

 Articulate transmission and signaling technologies basics 



Introduction to Cellular Technologies 

 “Smartphones,” require fast, robust, and secure 

infrastructure. 

 Increasingly, smartphones and other mobile devices are 

becoming a significant part of the normal business 

environment.  

 As this happens, there is a corresponding need to manage 

those devices as part of our business infrastructures. 

 



History 

 Until about 1975, most telephones were still wired. 

 Only made and received phone calls over analog lines.  

 No special features 

 Atthat time, “Mobile phones” were actually mobile radio sets 

weighing several pounds. 

 Developed in the 1940s by AT&T for very large corporations 

and the military. 

 Used standard contemporary radio technologies. 

 Usage typically limited to large trucks and boats. 

 Devices weren’t “mobile,” as the term is used today. 

 



1973, First Modern Mobile Phone 
 1973, the first mobile call from a handheld phone made by 

Motorola’s Dr. Martin Cooper. 

 Consumer adoption of cellular technologies came about over 
several years and generations of technologies. 

 1978 through 1983,  first generation analog technology. 

 Strong consumer demand, despite limited talk time and battery 
life. 

 Further development led to: 

 Smaller devices 

 Longer battery life 

 Increased talk time 

 Less time to charge devices 

 Better quality services. 

 



Early Mobile Phone 

 Early Motorola handset and 

transceiver. 

 



Technologies 

 Two primary technologies: 

1. Code Division Multiple 

Access (CDMA) 

2. Global System for Mobile 

Communication (GSM). 

 



Generations 

 Often cellular networks and devices are referred to by the 

generation of technology. 

 First generation (or, 1G) is the older analog  technologies. 

 Not likely to see any 1G devices or networks in the field any 

longer. 

 



 2 G, First fully digital-capable networks and devices 

implemented on a widespread basis. 

 3G what most came to know as the standard up until just a 

few years ago. 

 Some carriers advertise incremental (2.5G, for example) 

technologies. 

 With each “G” came better performance, faster data rates, 

greater coverage, better reliability, and more features. 

 



Frequency Ranges 

 Earlier cellular technologies used the 850 MHz range. 

 Ultra High Frequency (UHF) in the EM spectrum. 

 Later, technologies used the 900 MHz, 1.8 GHz, and 1.9 

GHz ranges, (UHF frequencies). 

Several reasons for lower frequency. 

 First, wavelength very short, devices require less transmit 

and receive power. 

 Second, shorter wavelengths easily reflected off of 

obstructions and are absorbed by some objects. 

 Considered line-of-sight, meaning they require an almost 

direct, (relatively) unobscured view of tower or antenna. 

 

 



Frequencies. 

Typical U.S. frequencies 

 850 MHz, 

 900 MHz, and 

 1900 MHz. 

Europe has used 

 450 MHz 

 800 MHz 

 900 MHz 

 1800 MHz 

 Others. 

The four major cellular frequencies 

850 MHz, 900 MHz, 

1800 MHz, and 1900 MHz. 

Have been used differently (and at 

different times) between the United 

States, Asia, Africa, and Europe. 



Cells 
 Refer to coverage areas from a particular 

transmitter setup and tower. 

 Cell is a geographical area. 

 Used because limited effective signal 

range and transmit power of antennas. 

 Also because reuse of frequencies in each 

geographic area. 

 



Frequency Bands 
 Frequency band can get crowded. 

 Limited availability of frequencies in a band assigned to a carrier 
versus the number of voice calls that use those frequencies all at the 
same time. 

 Carriers want their customers to have quality calls with minimal 
interference. 

 Frequency reuse methods utilized to carry all of phone conversations 
simultaneously and effectively. 

 Same frequencies aren’t used in adjacent cells.  

 Prevent frequency interference,  

 Used across cells that are non-adjacent so that frequency reuse can 
be managed better and help to eliminate interference. 



Seven Cell Area 
 Frequency use is typically mapped and managed over a seven-cell 

area. 

 For example, let’s say that you have cells labeled as A through G. 

 They use frequencies that we’ll arbitrarily call 1 through 7. 

 Now, we can use each of those frequencies within the cells, but we 

can’t reuse them (assign them to other cells) until we are out of 

range of any cell that already uses them. 

 Doing so could cause interference or coverage issues. 

 So if cell “A” uses frequency 1, we won’t allow that frequency to 

be used again until we get seven cells past that one, say cell “H” 

several miles away. 

 



Hexagonal Cells with 

Dynamic Frequency Changes 

 Cellular devices have to be able to dynamically change frequencies 

within the band they are using as they travel from cell to cell 

(called call hand-off). 

 Most mobile devices configured to use multiple frequencies within a 

band. 

 Most common cell shape is hexagon. 

 Use of a hexagonal cell maximizes coverage and provides for some 

overlap of coverage areas and frequencies for when a mobile 

device leaves one coverage area and transitions to another.  

 Because cells can vary in size, additional towers and 

transmitting/receiving equipment can be placed in different 

locations within cell to ensure coverage. 

 



Cell Towers 

 Cellular technologies use tower 

mounted antennas to transmit and 

receive signals. 

 Towers can come in different sizes, 

depending upon coverage area. 

 



 Cell technologies can use 

several different types of 

antennas. 

 



Cellular Infrastructure 

 Mobile device may be carrier-specific, as well as signaling 

technology specific. 

  “Device” can mean a smartphone, a tablet with built-in 

cellular network capabilities, a cellular/broadband USB 

dongle that is used for laptops, or even a 3G/4G “hotspot” 

device. 

 



Cell Towers 

 Come in all shapes and sizes. 

 May be designed to cover an area of tens of kilometers, or a 

small area of just a few kilometers. 

 Beyond the subscriber-level devices, there are also 

infrastructure devices that are necessary to make cellular 

work. 

 Some of these devices sit at the cell level. 

 Others may cover a broader geographic area of several cells. 

 

 



 Major infrastructure components above. 

 In addition, it’s also worth talking about 

 micro-cells 

 pico-cells 

 nanocells. 

Major Components 



Base Station (BS) 

 Basic entry point for a mobile device signal into the network. 

 Each cell has at lease one base station. 

 Within cell, has own antenna and coverage area. 

 Assigned a particular group of frequencies for devices that 

connect to it. 

 To prevent interference, other BS in the surrounding area 

may have different frequencies. 

 



Base Station Controller 
 Several base stations connect via a central backhaul 

infrastructure to a station known as a Base Station 
Controller (BSC). 

 Controller can be used to connect base stations from 
several cells together, help manage frequency reuse 
across several cells, and handle call handoff as a mobile 
device transits between base station coverage areas and 
cells.  

 Base station connects to a “backhaul” network via 
controller. 

 Much like a backbone in a wired network.  

 

 



Mobile Switch Center 

 BSC also connects to a Mobile Switch Center (MSC). 

 MSC routes calls between networks. 

 Provides other services such as geolocation services and 

authentication... 

 MSC’s routing between networks allows calls to connect to 

the hardline telephone network, the Public Switched 

Telephone Network (PSTN). 

 Other components help these devices function and make up 

the carrier’s network. 

 



Smaller Devices 
 Used to enhance, extend, or add coverage to a particular 

small area. 

 Edge of a cell where there is sparse coverage or if the coverage 
area is extremely saturated with devices, closed in, or blocked 
by heavy obstacles. 

 Microcell may have a coverage area of around 100–2000 
meters 

 Picocell may cover a smaller area of less than 100–200 
meters 

 Nanocells may be almost nothing more than signal boosters 
for a room or small building. 

 There’s no set distance that each of these cells cover. 

 No standard defines each of these smaller cells. 

 



Signaling Technologies and Standards 

 There’s a veritable alphabet soup of cellular standards and 

technologies... so, up until very recently no single standard 

has come out as the “best” one to use. 

 These signaling technologies use various techniques to 

accommodate the amount of calls assigned to a given 

frequency band, such as code division, time division, and so 

on. 

 



Code Division Multiple Access (CDMA) 

 Developed by Qualcomm.  

 Considered an older technologie. 

 Spread-spectrum technology. 

 The term multiple access in our context means that a 

technique is used to allow multiple users to access and use a 

given frequency band simultaneously. 

 Different ways to do this. 

 Some involve altering frequency access times (time division), 

and some involve frequency or code division. 

 



CDMA 
 Spread spectrum may send multiple calls over a given frequency 

range of several frequencies  

 Able to identify data from each call by unique codes attached to 
the data. 

 Early adopters of CDMA included Verizon and Sprint. 

 CDMA devices have the user, or subscriber, information 
embedded in the phone itself. 

 In contrast to GSM,  which uses a removable chip containing the 
subscriber information on it. 

 Because CDMA was rapidly being supplanted by GSM as it 
became the de facto worldwide standard, it was forced to move 
through some changes in technologies to make the transition to 
what we know as 3G networks in order to further transition to 
fourth-generation technologies. 

 



CDMA 
 CDMA implemented almost exclusively in the United States and a 

very few other countries. 

 Makes travel with a CDMA phone to Europe, for example, 
problematic. 

 First iteration typically referred to as “cdmaOne.” 

  “CDMA 2000” as “transitional” technology that bridges gap to 3G. 

 A single call could conceivably spread over several frequencies at 
once, and when you consider other simultaneous calls, each 
sharing those same few frequencies within a band, it can get 
confusing.  

 CDMA assigns a unique “code” to the call to identify it as it rapidly 
changes frequencies. 

 



Time Division Multiple Access 

 Time Division Multiple Access (TDMA 

 Used in two different contexts. TDMA was, briefly, its own 

major signaling technology standard used in cellular 

networks alongside CDMA and GSM. 

 Covered under a standard called IS-136. 

 

 



TDMA 

 Also a method for signaling that 2G GSM uses. 

 Confusion may come in, depending upon whether you’re 

talking about TDMA as a standard or as a frequency access 

method used by other standards. 

 Second, instead of using multiple frequencies, and dividing 

conversations all over them as CDMA does, TDMA basically 

can take one frequency and divide it up among several phone 

conversations, with each conversation getting its own “slice” 

of time allocated to it for the use of the frequency. 

 Time-division access. 

 



 Happens so quickly that each conversation isn’t affected by 

having to give up the frequency for a bit of time. 

 Assuming that the number of conversations and time slice 

allocations are managed effectively. 

 

 



Global System for Mobile 

Communication (GSM) 
 Family of technologies and standards that have evolved to become 

the current fourth generation (4G), and 4G-Long Term Evolution 
(LTE) implementations, as well as legacy 3G technologies. 

 Although true GSM is pretty much defunct (considered a 2G 
technology), the term is still widely used to describe the family of 
technologies,that descended from it, such as GPRS, Edge, and 
others. 
 PCS (Personal Communications Solutions), was used to reference 

early 2G GSM technologies. 

 Early GSM used TDMA as its signaling method 
 Versions that came with 3G and beyond no longer use TDMA. 

 GSM has made the transition to 4G technologies much more 
uniform and standardized. 

 Emerged as the dominant basic signaling technology used in 
cellular networks. 

 



GSM CDMA Incompatibilities 

 GSM was developed in Europe and widely adopted there and 

elsewhere worldwide, except for primarily the United States. 

 In the United States, CDMA became the dominant standard 

because of its early adoption by giant carriers such as Verizon 

and Sprint. 

 The two technologies are incompatible, as are their devices. 

 



Two Components 

 GSM devices typically have two components: 

1. Mobile device 

2.  Small removable “chip” that fits inside a small slot on the 

device, the Subscriber Identity Module (SIM). 

 



Subscriber Identity Module  

aka SIM card. 

 SIM contains information about the subscriber who owns the 
phone. 

 Device can’t work without the SIM. 

 Used to authenticate the subscriber to the carrier’s network. 

 Can also be used to store some user-related data or content, 
such as the phone contacts. 

 As opposed to phones that operated on CDMA networks, the 
use of a SIM provides freedom of choice and mobility 
because it’s a relatively easy to move a SIM from one 
compatible phone to another to upgrade or change devices 
and keep the user information intact. 

 



SIM Card 

 Examples of SIMs from an old iPhone 3G (on the left) and 

one that came from an Android device, a 4G LTE phone. 

 Most CDMA and TDMA carriers have, over time, switched 

to GSM. 

 Usually this switch has been accomplished using bridging-type 

of signaling technologies and dual-standard compatible devices. 

 



Circuit Switched Data (CSD) 

 Part of original GSM technology. 

 CSD requires an established circuit (permanent or virtual) to 

transfer data, so a single data session on a device would 

require an entire dedicated circuit. 

 Different than packet switched networks. 

 Very low data rates, usually ranging in increments of 2400, 

4800, and 9600 bps (bits per second) through 14.4 Kbps 

(kilobits per second). 

 Later iteration of CSD, High Speed CSD, allowed increased 

data rates of 38.4–56 Kbps. 

 



Third Generation (3G) Technologies 
 As GSM was already the dominating standard signaling technology 

for most of the globe, it was pretty much the de facto selection by 

the 3GPP for transition to a formalized standard. 

 Transitional technologies included GPRS, EDGE, and EVDO. 

 Although many of these technologies use similar signaling 

methods as GSM or CDMA, they are each unique and have their 

own individual characteristics as well as those in common with 

GSM and CDMA. 

 Many professionals classify them in the same “families” as GSM or 

CDMA, while others insist they are separate and different 

technologies. 

 Here, they will be considered as part of their respective GSM or 

CDMA families technologies. 

 



General Packet Radio 

Services (GPRS) 

 

 Considered an “incremental G” designed to 
carry GSM toward the third generation. 

 Strictly speaking, not GSM, but a logical 
replacement for 2G GSM. 

 First introduced as an installed technology in 
1999. 

 Used TDMA as its access method. 

 “2.5G” technology introduced the addition 
of packet-switching technologies to 
complement the existing circuit-switching 
infrastructure used by GSM. 

 



GPRS Packet Switching 

 2G GSM is strictly CSD, GPRS is strictly packet-switching. 

 First cellular technology that allowed TCP/IP and data 

(Internet access) over mobile devices. 

 New and improved version of 2G brought the use of 

Multimedia Messaging Services (MMS) to phones.  

 GPRS was also significant in that it allowed the use of the 

new (at the time) Wireless Application Protocol (WAP) stack 

used to provide web-enabled services and content to mobile 

phones. 

 



Enhanced Data Rates for GSM (EDGE) 

 Became popular in the United States after it was introduced 

by Cingular (subsequently bought by AT&T). 

 Another incremental generation technologies (considered 

2.75G). 

 Like GSM, EDGE used TDMA as its access method, and 

offered data rates of up to 236 Kbps. 

 



Universal Mobile Telephone Services 

(UMTS) 
 2002, the first real third-generation technology. 

 Not compatible with the original GSM (although, again, it’s 
considered to be in the GSM family by some because it was 
designed to replace GSM technologies versus CDMA) 

 There are devices made for downward compatibility that could switch 
between older 2G+ technologies and 3G. 

 With the entry of UMTS and 3G, GSM switched from using 
TDMA signaling to Wideband CDMA (WCDMA). 

 UMTS supported downloads data rates of 384 Kbps to the device, 
and upload rates of 128 Kbps. 

 Unlike GSM and GPRS, which only supported CSD or packet 
switching methods, respectively, UMTS could support both. 

 



Evolution Data Optimized (EVDO) 

 A CDMA 2000 technology designed to bridge the gap 

between older CDMA (cdmaOne) and 3G. 

 Same class as GPRS and EDGE a transitional technology. 

 Because it was a transitional technology, it used both CDMA 

and TDMA access methods. 

 A packet-switched technology. 

 



High Speed Packet Access 

(HSPA and HSPA+) 

 A current 3G technology still in wide use. 

 Combines two other protocols, High Speed Downlink Packet 
Access (HSDPA) and High Speed Uplink Packet Access 
(HSUPA). 

 Uses WCDMA. 

 A huge improvement over existing 3G. 

 Primarily used for devices that don’t support 4G, or for 4G 
phones that are forced to use some existing 3G networks 
occasionally. 

 HSPA’s data rates range from around 14 megabits per second 
(Mbps) download and 5–6 Mbps upload. 

 



HSPA  

 Another “descendant” of the GSM family. 

 Logical successor to UMTS. 

  HSPA+ technologies (also known as Evolved HSPA) are a 

further evolution released in 2010, and offer higher speeds 

and greater bandwidth, in the neighborhood of 168 Mbps 

download and 22 Mbps upload.  

 HSPA+ is considered a “quasi” 4G technology as well. 

 



Fourth Generation (4G) Technologies 

 GSM was the clear winner in the battle to be the dominant 

standard as a result of sheer numbers of subscribers 

worldwide, its more defined standards, and general better 

performance with each successive generation or even 

incremental improvement. 

 



4G 

 Most of the technologies discussed are descendants or 

extensions of, or replacements for, the GSM family, used to 

bridge the technologies from 2G through 3G. 

 That’s where the fourth generation (4G) and its technologies 

come in. 

 The current and emerging 4G technologies include LTE, 

LTE-Advanced, and WiMAX. 

 



 A newer 4G Android phone connected to a 4G 

LTE network. 

 



Long Term Evolution (LTE) 
 2009, LTE as the first of the fourth-generation technologies. 

 Although technically LTE does not meet 3GPP specifications the 

for true fourth-generation technologies, LTE, along with WiMAX 

and HSPA+, are sometimes marketed as such because they are vast 

improvements to original 3G. 

 As with any new technology, LTE has had some issues in 

compatibility, with some phones (and carriers) only supporting it 

for data, while still using 3G networks for voice calls. 

 Additionally, LTE and other 4G technologies require more power, 

so high usage may drain batteries more quickly in older phones. 



LTE 

 Requires a completely new infrastructure than the older 3G 

network. 

 Because it’s primarily IP-based, it focuses more on designs  

reminiscent of high-speed data networks versus older voice 

ones. 

 Offers data rates of 300 Mbps, with upload rates of 75 Mbps, 

according to the 3GPP specifications. 

 Of course, each carrier markets its own “version” of LTE as 

being faster and more robust, and covering more geography 

than the others. 



LTE-Advanced 

 Name given to a set of standards approved by the ITU in 

2009, and the 3GPP in 2011, which improve upon the LTE 

specifications significantly. 

 Dubbed a “True 4G” technology by the ITU to differentiate it 

from other pseudo-4G technologies such as LTE, LTE-

Advanced is being introduced into networks worldwide at 

the time of this writing. 

 LTE-Advanced has a theoretical upper data rate of 1 Gbps 

(gigabits per second). 

 



Worldwide Interoperability for 

Microwave Access (WiMAX) 
 Name given to technologies that create a very large wireless 

network, called a WMAN (wireless metropolitan area network). 

 Usually covers an area size of average-sized city. 

 Another pseudo-4G broadband technology that uses microwave 
transmissions to provide wireless connectivity to subscriber 
stations, typically for those that are mobile or in areas where there 
is a lack of other services (cable, DSL, and so on). 

 Institute of Electrical and Electronics Engineers (IEEE) 802.16 family 
of standards. 

  Sprint has been the carrier of note that primarily has used 
WiMAX, but Sprint is slowly replacing it with other 4G 
technologies that are faster. 

 WiMAX has a data rate of about 30–40 Mbps. 

 



 



Roaming and Switching Between 

Network Types 

 Switching means that subscriber device has moved into 

another cell coverage area. 

 Usually this happens when a user moves too far away from 

the base station or tower in a cell, and the device has to 

switch to another base station or tower with a stronger 

signal. 

 Usually happens between cells of the same carrier. 

 



MSC 
 The MSC and the mobile unit will detect if transmit/receive 

power levels get below a certain point, indicating the device is 
getting out of range of a BS, and switch the device to another BS. 

 If, on the other hand, the device moves between carriers’ cells, 
perhaps because the user’s carrier does not have coverage in a 
particular area, the device will connect to another carrier’s 
network. 

 Most of the time, the user doesn’t even know this has happened, 
except for maybe an icon or alert that pops up on the device itself. 

 Known as roaming (between carriers), and in some cases, the user 
may incur usage charges or fees for this. 

 Most phones have the capability to configure roaming settings, 
such as use of data while roaming, and so on. 

 



Roaming 
 Figure 4-11 shows an iPhone 4S’s cellular settings screen, where users 

can turn off cellular data to save on roaming costs, connect to wireless 
networks, or even turn off faster networks (such as 3G) to fall back to 
earlier technologies in case the faster networks aren’t available. 

 Prevents the device from searching for a network that is out of range, 
thus saving battery power. 

 Beyond the mere switching of base stations and cells due to signal 
strength, some switching may occur because the network type may 
change or not be supported in an area. 

  For example, if a phone is using 4G, and travels to an area where only 
3G services are available, it will switch to the supported service once it 
starts to lose connectivity with the 4G service. 

 In this case, the user may still be connected to her own carrier, but her 
service may not perform as well as she is used to. 

 

 



Questions??? 

 


