CELLULAR PHONE NETWORKS TERM PAPER
INTRODUCTION / SUMMARY

Today when the term networking is mentioned people immediately think of the internet but there is so much more to networking than sending e-mails and searching for information.  Networks are used in a wide range of areas and are more common than most people probably realize.  One of the largest networks that is often overlooked is the telephone network and its younger branch the cellular telephone network. 
One part of technology that is growing fast is cell phones and the networks they use.  A cell network is not all that different then a computer network, and they can do many of the same or similar things.  As the name suggests, a cellular network involves many bee-like cells that fit together over a city.  The cellular phones all communicate through radio waves to the base tower in each cell. 
MODERN FEATURES

The capabilities for today’s cell phones are pretty amazing.  The fast growing technology continues to amaze us every day.  According to “HowStuffWorks.com” more then 40% of Americans own a cell phone and 60% of Europeans own one.  Not only are the numbers of cell phones and people with cell phones growing but the abilities of the cells are growing.  Not only can these phones send and receive calls but they can access the internet and e-mail, send out and receive text messages, download files, take, send and receive pictures, play games, calculator functions, calendar capabilities, alarms, reminders, be used as GPS receivers ands so much more.  Cell phones are becoming more integrated with computers and PDAs.  They are also becoming more like computers and PDAs.  According to the sprint pcs’ website (www.sprintpcs.com ) they have released a PDA / cell phone combination already.  But how does it all work? I will address many of the aspects of a cellular network and give a good explanation of how it all works.  
CELL PHONES LIKE RADIOS

A cell phone works much like the radio in your car or home.  It is similar in that it carries sounds over waves.  A radio has an antenna that receives radio waves from the radio stations tower.  A cell phone not only receives waves from a cellular tower but also sends back waves with its own small transmitter.  Actually before cellular networks were around there was a radio phone that worked in a similar way to today’s cell networks (according to www.howstuffworks.com ).  It consisted of one large tower per city with around 25 channels and the radio phones had to have a strong transmitter to reach it. Another problem with radio phones was the extremely limited number of channels, allowing only a few users per city. 
DIVISION INTO CELLS


The main reason that cellular networks were able to get past the problems of the radio phones lies in the idea of the actual cells.  The cells are generally 10 square miles wide and hexagonally shaped.  By covering a city with cells we create something like a wireless LAN with the cell towers acting as wireless access points.  Each cell has a cellsite that consists of a transceiver tower.  I will address these towers in detail later in the paper.  By using many cells instead of one we enable channel reuse.  According to our “Business Data Networks and Telecommunications” textbook, there is a limitation in the number of channels permitted but as long as cells are not next to each other they can use the same channels over and over. This cell idea allows for many users in an area and allows for the actual phone to not require such a strong transmitter making them smaller.  The transmitters can be week because of the ability for a handoff.  A handoff occurs when a user moves one cell to another and the signal is switched from one cellsite to the next without any interruption or noticeable change.  HowStuffWorks.com says that the average carrier is given just over 800 radio frequencies and each call needs two of those frequencies (one your voice going out and one for your friend’s voice coming in).  This is called a duplex channel.  After splitting them up and taking some frequencies out for control purposes we are left with 56 channels or 56 possible calls at a time in each cell (assuming we are using analogue methods, digital is a greater number. 
HARDWARE TOWERS
The cell tower is usually a few hundred feet high and looks like a big steal antenna.  That really, is a big part of what it is, but if you get close to one and look at the bottom there is probably several large boxes or small buildings with wires running up the tower.  These boxes contain all the transmitters and receivers that the tower needs to communicate with the phones.  Older towers had a lot of equipment to do this and need the small buildings but now they are getting smaller and smaller as the technology gets better and what looks like an oversized electric box can hold everything.  All of the base towers are connected to a Mobile Telephone Switching Office (MTSO) through wires or radio frequency links.  This MTSO connects the calls from cells to other cells or to wired telephones and back the other direction.  The MTSO is also where the computer systems are that have databases that register billing information and authorize calls.
HARDWARE PHONE
“What is amazing is that all of that functionality - which only 30 years ago would have filled the entire floor of an office building - now fits into a package that sits comfortably in the palm of your hand!” (HowStuffWorks.com). Cell phone shapes are very small and continuing to get smaller and more complex, this requires the internal “guts” of the phone to be very precise and complex.  First the cell contains the things we can see from the outside and easily understand such as an LCD screen (now with color bigger and more pixels), a small keypad (some newer ones have backlights), an antenna (extendable or stationary), a battery (actually two,  a small internal watch like battery and one that clips into the back), external ports (that allow for charging and data exchange), a speaker, and a microphone (several new phones have 2 of each, one for speaker phone and one for regular calls).  All of these things are smaller then we would believe and they serve obvious purposes.  ***(features are from Sprints “Samsung N400 phone”)
The rest of the “guts” of the phone takes the form of a circuit board and its many parts.  First you have the microprocessor that is much like a processor in your computer but very small.  Microprocessors perform functions like moving data between storage locations, performing mathematical operations and making decisions based on programmed instructions.  It is the heart of the “guts” and where all the action is.  The circuit board also holds the ROM and flash memory chips.  Both of these are storage devises used by the cell to store information like your phone book, game programs, operating system or anything else in the cells memory.  This is the brain of the cell.  The circuit board has a radio frequency and power section that works with the hundreds of channels it can use.  This section is also used for recharging the cells battery and power management functions.  Another part of the circuit board is the RF Amplifiers that deal with the incoming and outgoing radio frequencies used by the cell.

Most cells today are digital but our voices and the sounds the microphone picks up are all analogue.  Because of this, cells need to be able to convert signals from analogue to digital.  Also cells need to translate the digital messages it deals with back to analogue, so that we can understand what comes out the speaker.  For this purpose cells contain analogue-to-digital and digital-to-analogue conversion chips.  With the aid of the Digital signal processor the chips are able to convert messages from one medium to the other and vise-a-versa. 
ANALOUGE OR DIGITAL OR PCS ?

This paper has dealt mainly with analogue phones and how they work because it is easier to understand by starting with the most basic.  Analogue phones are considered first generation service, and digital is second generation or two and a half generation,  a third generation is being worked on to be even better.  Digital technology allows us to fit “between three and 10 digital cell-phone calls to occupy the space of a single analog call.” (HowStuffWorks.com). Also our textbook says that digital takes the around 800 channels of analogue and adds 2,500 to them.  Digital allows for better data transfer and uses a process called compression.  Compression involves using an advanced codec and turning the sound into binary, then reducing the bits per second generated by a call.  
PCS stands for Personal Communications Services but is sometimes referred to as digital cellular.  It works in much the same way as the digital service described above but has a great weight on the personal aspect.  PCS service uses more and smaller cells then other methods for greater user mobility.  The personal aspect means that other services are provided with the phone calls, things like e-mail, text messages, paging, and internet access.  At the HowStuffWorks.com website it says “PCS has 200-kHz channel spacing and eight time slots instead of the typical 30-kHz channel spacing and three time slots found in digital cellular”.  This allows for clearer calls w/ less interference.  PCS was designed “from the ground up” to be a more exceptional version of digital service.
ACCESS TECHNOLOGIES 

Unfortunately there is not a single global or nationwide standard for access.  There are several techniques used to send the messages from the tower to the cell and back.  The two main divisions for digital calls are CDMA and TDMA.  Analogue calls all use the FDMA standard.  FDMA stands for frequency division multiple access.  The key word is “frequency” just like radio stations each call gets a unique frequency to transmit on.  FDMA is not an efficient way of transmitting data and could but is not used for digital calls. 

Time division multiple access or TDMA works in almost the same way but the “time” during a call is broken up and split among multiple calls.  Alan Zeichick of “Cell Networks Explained” says that “In the United States TDMA…provides three time slots per channel.”  So each call is sent on a specific frequency and that calls transmission time is divided into three calls.  When the microphone picks up sound it digitalizes and compresses this message so it takes up less time and space and does not need to use the frequency for the entire time so it can be divided.  TDMA is good efficient method for data transitions.  This digital method is used a lot and there are several variations. 

The two big differences are the IS-136 used in the United States and the Global system for mobile communication or GSM that is used in many countries including Europe, Asia, Africa, Australia and some in the US.  While both these technologies do things about the same they are not compatible.  HowStuffWorks.com gave a clarifying analogy when it said ”Think of GSM and IS-136 as two different operating systems that work on the same processor, like Windows and Linux both working on an Intel Pentium III”.  I will get into GSM more in a later section of the paper about global differences. 

The CDMA method works very differently then anything mentioned earlier.  It stands for code division multiple access.  In this method all calls are spread out over a wide range of frequencies and each call’s data is given a unique sequence code and a unique spreading code.  First data is digitalized and with a unique sequence code it is sent out in many small pieces.  Through the unique spreading code these small digital codes are sent to the same wide group of frequencies as every other call using this technique at that time. The codes are used to reassemble the messages and send them out.  To put them in order a precise time stamp is put on each part of the message and to get this time stamp GPS technology is used.  By spreading the message in this way between 8 to 10 calls can use one channel space.  
GLOBAL DIFFERENCES

After discussing all the techniques it may come as no surprise that people all over the world use different techniques and the different techniques don’t work together.  There is actually a “World Standardization” that is used in most of the world besides the US and that is GSM.  Our text book states that The United States’ FCC has permitted open competition which led to many incompatible systems, high prices, and limited roaming.  When the first generation analogue system was used the US was better then the world but with digitalization America’s service became poor.  It is possible for an Italian (or any one using the non-US GSM) to travel to Australia, England, Asia or any where with GSM and use his or her Italian phone.  A SIM card can easily be switched in the phone granting them access.  

SIM stands for: subscriber identification module.  They are used to store connection numbers and identification data.  It is literally a small disk that a user buys and puts into their phone.  If you want a new phone all you need to do is take your old SIM out and put it into a new phone and all your information is transferred. 

Many Americans may not realize our cellular shortcomings but I see them as an important issue.  There are organizations pushing for one universal standard that could unite the world’s cell phones creating a highly compatible and user friendly environment.  
CONCLUSION


This paper has at least attempted to explain much of the key technology and networking involved in cellular phone networks.  This paper has covered features, division into cells, the hardware of the towers and phones, the differences between analogue digital and pcs, the different access technologies around the world and other global differences.  It is truly amazing all that goes into a cell phone call and I’m sure the future will be full of further uses and advances in cellular technology. 
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