Cellular and Personal Communications Systems

· Bell Labs introduced the first mobile system in 1946, called Mobile Telephone Service (MTS).

· Operating at half-duplex, only one person could speak at a time.

· Extremely limited number of channels available.

· An operator was necessary for connecting customers.

· In 1965 Bell Systems introduced Improved Mobile Telephone Service (IMTS).

· Full duplex system allowing simultaneous 2-way conversations.

· Automated system allowed users to dial directly.

· Cell locations were high output power stations allowed a single radio location to serve an entire city.

· Required two radio channels, one for transmit, and one for receive.

· Locations were designed to cover large geographic areas up to 50 miles in diameter.
· In 1970, AT&T proposed to build a high-capacity cellular telephone system called AMPS – for Advanced Mobile Phone Service.

· Chicago was selected as the first test city.

· The FCC set aside 666 new radio frequencies for land-to-mobile communications.

· The frequencies were divided into two equal bands of 333 each, called band “A”, and band “B.”

· This was later increased to 832 total cellular channels of which 416 were allocated to each band.

· The FCC decreed that one band in each city would be licensed to the local exchange company, and one would be licensed to a “non-wireline” carrier.

· The first commercial system began operating in Chicago in 1983 via a call to a descendant of Alexander Graham Bell from Soldier Field.

· The FCC divided the US into 734 cellular markets. 
· 306 large geographic areas containing a population of 150,000 or more were defined as Metropolitan Statistical Areas, or MSA’s.

· 428 Rural Service Areas (RSA’s) were established.

But 416 channels in one market is not much.  Especially since several channels are used for setting up a call.

· Cellular was born to “re-use” frequencies across cities and the country over and over again.

· This greatly increased the availability to support many concurrent conversations at a time.

· Cellular system designs are based on a hexagon grid of many low-powered radio stations.
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· Radio coverage is actually “circular” (more like blobs) in nature, however, the use of the hexagon grid system makes planning easier to visualize.
· Cell splitting – Split original cell into four cells, or more commonly, the original cell is shrunk and six or so new cells are grown around the original.
· Handoff – Moving from one cell to another, the system assigns you to another two channels (more on this later).
· Cellular Telephone System Components

· Mobile Stations or Telephones

· Base Transceiver Station

· Actual radio tower location serving the phones.

· Either the first or last transmission leg of every cellular telephone call.

· Base Station Controller is building next to BTS

· Mobile Telephone Switching Offices (MTSO’s)

· The switch that serves a cellular system.

· Similar in function to a class 5 central office switch.

· Primary purpose is to provide a voice path connection between a mobile phone and a land-based phone, or between two mobile phones.

· Numerous components support the MTSO, such as Home Location Register, Visitor Location Register, and Authentication Controller

Mobile Telephone Switching Office (MTSO) Call Processing

· Mobile Identification Number (MIN)

· 34-bit binary number that translates to the phones 10‑digit PSTN number.

· Programmed by the supplier when obtaining service.

· Electronic Serial Number (ESN)

· 32-bit binary number that is programmed at the factory.

· Contains an 18-bit serial number and an 8-bit manufacturer number.

· 4 billion different combinations.

· Embedded in a chip and cannot be changed.

· Mobile-Originated Call

· When a mobile phone is turned on, it monitors the 21 possible control channels within its band.

· Determines the strongest available signal and “locks on.”

· Many systems support registration, in which mobile phone identifies itself to MTSO when first turned on.

· Sends call origination data to MTSO on uplink control channel to the closest cell site.

· Dialed number

· MIN

· ESN

· Base station receives call origination message and forwards it to the MTSO.

· The MTSO verifies the MIN/ESN combination and seizes a trunk on the PSTN interconnect.

· The MTSO allocates a traffic channel at the original cell site to carry the call.

· The cell base station sends supervisory audio tone (SAT) to the mobile phone by adding it to voice signal prior to use.

· The cell base station sends the frequency of the SAT of the traffic channel that will be used to the mobile phone via the control channel.

· The mobile phone tunes into that frequency and looks for the SAT.

· Upon successful receipt of the SAT, the mobile phone retransmits the SAT to the base station.

· The cell base station detects the regenerated SAT and sends an “origination complete” message to the MTSO.

· The MTSO connects the PSTN to the traffic channel that was allocated for this call.

· Autonomous Mobile Registration
· All cellular phones continually transmit their MIN/ESN combination to the nearest cell site every 5-15 seconds.
· This allows the MTSO to know to which cell base station to route incoming calls for the mobile phone.
· Mobile-Terminated Call
· Someone dials your 7-digit mobile telephone number from a land-based phone.

· The PSTN routes the call to the assigned MTSO for this number.

· The MTSO checks its database to determine the area that this phone was in last, and broadcasts a “page” to all base stations in that area.

· The base stations receive the page message and transmit it on the downlink control channel.

· The mobile telephone receives all page messages while monitoring the control channel.  Upon receiving a page message containing its MIN, it transmits the phones MIN and ESN on the uplink control channel.

· The base station forwards the MIN/ESN combination to the MTSO to tell it where the mobile phone is.

· The MTSO verifies the MIN/ESN combination and allocates a traffic channel at the original cell site to carry the call.

· The cell base station sends supervisory audio tone (SAT) to the mobile phone by adding it to voice signal prior to use.

· The cell base station sends the frequency of the SAT of the traffic channel that will be used to the mobile phone via the control channel.

· The mobile phone tunes into that frequency and looks for the SAT.

· Upon successful receipt of the SAT, the mobile phone retransmits the SAT to the base station.

· The cell base station detects the regenerated SAT and sends an “alert” order to the mobile telephone to make it “ring.”

· The mobile station confirms the alert status by retransmitting the signaling tone back via the traffic channel.

· When the customer answers the phone, it ceases the retransmission of the signaling tone back to the cell base station.

· The base station detects that the signaling tone has stopped, and sends a message to the MTSO to inform it that the customer has answered the call.

· The MTSO connects the PSTN to the traffic channel that was allocated for this call.

· Call Handoff

· Cell base stations continually monitor the signal strength being received from the mobile phone, Received Signal Strength Indicator (RSSI).

· When the signal strength drops below the manually set threshold, a call handoff is justified.

· The cell base station sends a handoff request to the MTSO and includes the mobile telephone’s current power level and signal strength.

· The MTSO receives the request and determines what other cell stations are adjacent to the cell station currently handling the call.

· The MTSO sends a handoff measurement request to an adjacent cell station, cell base station B.

· Base station B tunes to the mobile telephone’s transmitting channel and determine the signal strength.

· If the measurement exceeds the criteria for handoff, then cell base station B will transmit the measurement to the MTSO.

· The MTSO receives the handoff measurement and chooses a transmit channel for cell base station B to use for the call.

· The MTSO sends the transmit channel assignment to station B, who readies the channel and acknowledges the MTSO. 

· The MTSO receives the confirmation message from station B and sends a handoff order message to the original cell base station containing the frequency and SAT of the new transmit channel in base station B.

· The original cell base station transmits the handoff order to the mobile telephone.

· The mobile telephone hears the handoff order, confirms the order, and re-tunes its frequency synthesizer for the transmit channel in base station B.

· The mobile telephone listens for the supervisory audio tone being transmitted from base station B, and upon receiving it, retransmits it back to base station B.

· Base station B receives it, and sends a handoff ok message to the MTSO.

· The MTSO sends a release source channel message to the original cell base station, which releases the transmit channel it was using for the call.

Various Wireless Systems

Advanced Mobile Phone Service (AMPS) – IS-54

· Uses frequency division multiplexing, analog signals

· Bandwidth is divided into 30 kHz channels.

· Each channel is used for either transmitting or receiving.

· This technology is almost dead in North America

· AMPS Cellular Frequencies:

· Mobile Transmit: 
824 MHz – 849 MHz

· Mobile Receive: 
869 MHz – 894 MHz

Digital Advanced Mobile Phone Service (D-AMPS) – IS-136

· Uses TDMA to break up each AMPS channel into 3 separate channels

· Same frequency ranges as AMPS

· Additional features such as caller ID and longer battery life

· Cingular Wireless and AT&T both still offer D-AMPS

Code Division Multiple Access – IS-95a

· Also known as TIA/EIA-95

· Based on direct sequence spread spectrum technology

· Developed by engineers at Qualcomm

· Verizon Wireless, PrimeCo, and Sprint PCS use this technology

· Uses same frequency ranges as AMPS and D-AMPS

GSM – Global System for Mobile Communications

· A TDMA technology

· Widely popular in Europe but minimal in North America

· Cingular Wireless and Voicestream use GSM

· Uses 880 – 915 MHz and 925 – 960 MHz

iDEN (Integrated Dispatch Enhanced Network)

· Functionally the same as MIRS (Motorola Integrated Radio System)

· A high-capacity digital trunked radio system providing integrated voice and data services to its users

· Used by Nextel Communications

GPRS (General Packet Radio Service)

· The 2.5G version of GSM

· Theoretically allows each user access to 8 GSM data channels at once, boosting data transfer speeds to more than 100Kbps (30Kbps in the real world since it only uses 2 GSM channels)

UMTS (Universal Mobile Telecommunications System)

· Also called Wideband CDMA

· The possible 3G version of GPRS

· UMTS is not backward compatible with GSM, so first UMTS phones will have to be dual-mode

· Based on TDMA, same as D-AMPS and GSM

1xRTT (CDMA2000 1x Radio Transmission Technology)

· The 2.5G backwards compatible replacement for CDMA

· 1xRTT will replace GPRS

· 1x means that it requires only the same amount of spectrum as 2G networks based on CDMA (IS-95)

1xEV (1x Enhanced Version)

· The 3G replacement for 1xRTT

· Will come in two flavors: 1xEV-DO for data only, and 1xEV-DV for data and voice

EDGE (Enhanced Data rates for Global Evolution)

· Further upgrade to GSM

· Possible 3G replacement for GPRS

· Uses improved modulation to triple the data rate where reception is clear

	Company
	Claimed U.S. Coverage
	U.S. Customers
	2G 
	2.5G (mid 2002)
	3G (late 2003)

	Verizon Wireless
	90%
	28 million
	IS-95a (CDMA)
	1xRTT
	1xEV

	Cingular Wireless
	70%
	22 million
	GSM and D-AMPS
	GPRS
	EDGE or UMTS

	AT&T Wireless
	98%
	18 million
	D-AMPS
	GPRS
	EDGE or UMTS

	Sprint PCS
	83%
	13 million
	IS-95a (CDMA)
	1xRTT
	1xEV

	Nextel Communic
	77%
	8 million
	IDEN
	1xRTT
	1xEV

	Voicestream
	97%
	6 million
	GSM
	GPRS
	EDGE or UMTS


From Network Magazine December 2001

General feeling is both 2.5G and 3G systems will not live up to their original hype for data rates (in U.S. and elsewhere).
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