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Physical Layer: Media, Multiplexing


CS 477 Computer Communications & Networks
Physical Layer: Media & Multiplexing
Text:

Data and Computer Communications, William Stallings
Chapters 4, 8
Objectives:
The student shall be able to:

· Define bps, Hertz, attenuation.
· Describe the advantages and disadvantages of optical fiber, satellite, radio, twisted pair.

· Describe how a twisted pair, coaxial cable and optical fiber work, and why a twisted pair or coaxial cable shields interference better than a flat ribbon cable.

· Define Hybrid Fiber Coax, Gigabit Ethernet, Dense Wavelength Division Multiplexing, CAT3, CAT5, STP, GEO, MEO, LEO, bent-pipe, base station, cell, uplink, downlink, including the media used by each, and their advantages.
· Define FDM(A), TDM(A), statistical time division multiplexing, CDMA, (not this year: OFDM, TDD, FDD).

Class Time:
The class shall be conducted as follows:


Cables





1/3 hour


Fiber





1/3 hour


Radio





1/3 hour


Satellite




1/4 hour


Intro to multiplexing



1 hour


CDMA exercise



¼ hour

Total:






2.5 hours

Definitions

· bps or b/s: Bits per second.  Rate of transmission.

· Hz: Hertz.  Cycle.  Megahertz: MHz: Million cycles per second.

· Attenuation: Signal is reduced in size due to loss of energy.

· Distortion:  Different frequencies propagate and attenuate at different rates

· Noise: Unwanted energy due to crosstalk, spikes or impulse noises, and thermal noise

Broadband: > 1.544 Mbps

Wideband: 64 kbps > Wideband > 1.544 Mbps

Narrowband: < 64 kbps 

Media

Flat ribbon cable: Separate insulated wire for each signal and a single wire for common ground reference.

Twisted Pair:  Pair of wires is twisted together for reduced crosstalk.

· Signal transmitted on one wire, ground on the other.

· Crosstalk impacts both wires, so difference between the two wire levels remains same

· Data rates to 1000 Mbps possible for short distance

· Quality measured by:

· Shielded (STP or FTP) vs. unshielded (UTP): Shielded has bulky metallic shielding.  S/FTP = Shield around group, Foil around each pair.

· Number of twists: 2-12 twists per foot.

· Applications:

· LANs: 10BaseT, 100BaseTX (2-pair), 100BaseT4 (4-pair) Ethernet.

·  Phone lines at home, business.

·  Digital Subscriber Line (xDSL): data (possibly over analog phone)

·  Integrated Services Digital Network (ISDN): digital data and/or voice

·  Asynchronous Transfer Mode (ATM)

· Common implementations:

· Commonly bundled together

· Category 3 UTP: up to 16 MHz - 3-4 twists per foot

· Category 5 UTP: up to 100 MHz - 3-4 twists per inch
· Category 6 UTP/FTP: up to 250-500 MHz

· Category 7: S/FTP 600-1000 MHz

Coaxial cable:  Solid center conductor carries a signal wires, buried in an insulating material.  

· 10 Mbps over several hundreds of meters or to several 100 Mbps with modulation.

· Applications:

· Ethernet LANs: 10Base5 (thick) 10Base2 (thin)

· Long-distance telephone

· Cable television (CATV): uses frequency range: 54 to 500 MHz

· Cable modems: 10BaseT interface, 27 Mbps downlink, 786 kbps uplink.

· Hybrid Fiber Coax (HFC): video, data, 50-860 MHz downlink

· An outer conductor shields external interference: fine braided copper wire.

· Center conductor is copper or aluminum; insulating material is air or plastic.

· Less susceptible to interference and crosstalk compared to twisted pair, but more expensive.

· Thick cable (10 mm): used for distances: e.g. down corridors.

·  Lower attenuation

·  Same data rate as thin cable.

· Thin cable (5 mm): Used with LANs.
Optical Fiber:  carries information as a beam of light in special glass fiber.  

· Achieves TX rates of several Gbps (billion bps) over 10s of kms.

· Standard: short distance low data rates: 850 nm, better:1300 nm,  best:1550 nm.

· Advantages:

· Extremely high data rates

· Immune to electromagnetic interference (since no electricity is passing) results in extremely low error rate.  

·  Secure: Very difficult to tap into.  

·  Low attenuation (= few repeaters: repeater needed between 10s to 100s of km)

· Very thin & lightweight strands

· Implementation:

· Unidirectional: Two fibers required for bi-directional use

· Single mode: Beam travels down center of very narrow core: 8-10 microns.
· Multimode: Beam reflects off cladding: Cheaper but light disperses: 50 microns.
· Step-index: Considerable angles of reflection possible->different times to traverse

· Grade-index:  Reflection angles are controlled -> quality between step-index & single mode
· Driven by: LED or laser: Laser used for distances > 5-10 miles.

· Inverse relationship loss<>cost between plastic -> glass -> ultrapure fused silica

· For higher capacity, reduce bit length, increase number of channels.

·  Dense Wavelength Division Multiplexing (DWDM): Transmits 160 wavelengths simultaneously at 10 Gbps each for a total of 1600 Gbps

· Applications: Backbone networks

·  Used by local & long distance telcos

·  LANs: FDDI, 10BaseF, Gigabit Ethernet: 1000Base-X

·  Asynchronous Transfer Mode (ATM): MAN/WAN standard supports real-time + best effort.
·  Hybrid Fiber Coax (HFC): Fiber to optical node which splits to 1-6 coax to neighborhood

·  Fiber To The Curb (FTTC) or Fiber to the Neighborhood (FTTN): High bandwidth uses fiber to neighborhood, then twisted pair or cable to the home

· Standards include:

·  SONET: Synchronous Optical Network: American ANSI standard

a)  STS-1 = 51.84 Mb/s; 

b)  STS-N = N x 51.84 Mb/s

·  SDH: Synchronous Digital Hierarchy: European ETSI standard

Radio:  

· Frequency Range: 3 kHz to 300 GHz.

· Radio: 30 MHz to 1 GHz uses omnidirectional antennas

· Microwave: 1-40 GHz often uses highly directional antennas for point-to-point transmission

· Infrared: 3x1011 to 2x1014 Hz

· Disadvantages:

· Frequencies are highly regulated by government agencies: 
· Licensed: Government allocates frequencies to companies for specific purposes
· Unlicensed: Free-for-all.  Government limits transmission power.
· High error rates: 10-3 error rate decreased using Forward Error Correction techniques.

· Multipath interference: A signal bounces off many walls to arrive at different times.
· Above 100 MHz, waves travel in straight lines
· Over 4 GHz, radio can be disturbed by structures and weather conditions 
· Infrared & Millimeter waves: Line of site required

· Advantages: 

· Frequency reusability: Terminals transmit at low power levels.

· Easy installation: No laying copper, fiber, ...

· Mobility

· Attenuation varies logarithmically with distance

· Cellular configuration:

· Base station: Central site which acts similar to a satellite to receive and relay messages.

· Cell: Low TX power limits coverage area so frequencies can be reused.

· Uplink: Base Station ( Mobile Station.

· Downlink: Base Station ( Mobile Station

· Use: 

· AM/FM Radio, UHF and VHF TV, 

· Telephone company use: Directional microwave in 2-40 GHz range

· Cordless: unlicensed low-power telephone extension

· Paging: Omnidirectional application provides one-way communications.

· Cellular: Analog and digital cellular services at cellular or PCS bands.

· Wireless Local Loop: Competes with local telco & cable companies.

· IEEE 802.16 = WiMAX:  cell size 10 miles, uses licensed & unlicensed frequency bands.

· Wireless LAN: WiFi or IEEE 802.11b (to 11 Mbps)

· Base Station-less Mode: transmit directly from terminal to terminal.

· Base Station Mode: transmissions occur from terminal to BS or ‘Access Point’

· Infrared option: Line of sight only or bounce light off light surface (e.g. ceiling)

· IEEE 802.11a and 802.11g standards operate at rates to 54 Mbps

· Rates: (cellular)

· Past: 10s of kbps - 9.6-19.2 kbps common.  

· Current: 56-384, kb/s 
· Future: 2-10+ Mb/s

Satellite:  Using microwave radio data is transmitted to the satellite and the satellite transmits the data to the destination.  

· 3 Parts: Satellite, Ground Station, User Station

· Gateway: Interface to public / private network (e.g. Internet, PSTN)

· Satellite has Transponders: equipment that receives and transmits modulated data on the satellite.  12-20 transponders per satellite.

· Different transponders use different frequencies for TX & RX.

· Signal can be wide or focused.  If wide, can cover nearly 1/3 of the earth (GEO)

· Transponder uses multiplexing to combine many streams of data: 80 MHz each
· Ground/User Stations have: Antennas or dishes:

· Low power requires larger dishes to collect energy

· VSAT: Very Small Aperture Terminal: Two-way data transmission: 19.2 kbps uplink, 512 kbps downlink, <= 1m antenna
· GEO: Geostationary Earth Orbit: Satellite is 22,500 miles above equator: Covers 1/3 of Earth.  Every 2 degrees = 180 satellites (or 3-4 degrees?)
· Propagation delay: 240 ms.  Round trip delay = ½ second.

· Circles earth in 24 hours to stay in same place in sky relative to a point on earth.

· MEO: Mid-Earth Orbit: 8000 miles above earth.  Requires 10-12 satellites to cover Earth.

· Propagation delays of 110-130 ms.

· Circles earth in 6 hours.

· LEO: Low Earth Orbit: 500-1000 miles above earth.

· Propagation delays of 20-25 ms.

· Circles earth in 90 minutes.

· Requires 50+ satellites to cover Earth: (Iridium used 66 satellites each with 48 spot beams = 1628 cells).

· Satellite Technologies:

· Bent Pipe: Repeats incoming signal on different frequency for TX.

· Spot beams: limits footprints to feeder & (mobile) terminals

· Onboard Processing: Performs switching / routing on satellite

· Inter Satellite Links (ISL): communicate between satellites to distribute loads and route requests.

· Cost Effective:

· for long distances or over hostile environments: e.g. over oceans.

· for broadcast purposes.

· for high mobility

· for high data rates without cable (if sufficient $$$$ available)

· Major faults:

· Propagation delay across the US.: 21.5 ms for landline wired transmission.

· Security risk since anyone can listen in (fixed with encryption)

· Expensive installation, limited availability of launchers.

· Expensive bandwidth since large coverage areas.

· Power limitations
· Use: 

· TV distribution (e.g. HBO, WTTW)

· Direct Broadcast Satellite (DBS): also known as Direct To Home (DTH)
· Telephony: long distance, business networks (but delay is problem).

· Paging: Omnidirectional application provides one-way communication
· Cellular: E.g. Iridium, ICO, Globalstar - voice/data to 2.4-9.6 kb/s.  Broadband??
· Rural, 3rd world telecommunications (VSATs)

Multiplexing

Communication Devices:

How do different applications, streams, or devices share a physical communications medium?

Multiplexor: (MUX) Allows several applications, streams or devices to share the same communications circuit.

Time Division Multiplexing (TDM)
· Divides time into fixed-length timeslots on a channel. 

· Frames: One iteration of timeslots.  
· Streams (or connections) are allocated a fixed set of timeslots.
· Uses:

Telephone companies to carry speech and data circuits: T1, SONET

Some cellular standards: US TDMA, GSM

Time Division Multiple Access (TDMA): multiple terminals share media using TDM.

Frequency Division Multiplexing (FDM)
· Assigns channels to separate frequencies.

· Uses:

Cable television: Single coax cable carries all TV channels simultaneously.  Each channel is assigned a separate frequency.

Cellular: AMPS plus TDMA protocols also use FDM.

Fiber optics: WDM, DWDM

ADSL

· Frequency Division Multiple Access (FDMA): multiple terminals share media using FDM.

Statistical Multiplexing
· Terminals do not use all of their terminal's bandwidth.  Stat mux allocates bandwidth to each terminal on basis of demands and needs.  

· TX mux speed is lower than the sum of terminal speeds.  

· Frames are addressed to indicate which terminal the data is going to.  

· When too much data to transfer, stat muxes:

· buffer data in the mux;

· use flow control to the terminals.

· Used mainly for data transmission: Internet, Frame Relay, X.25, …

Coordinating Sending & Receiving

How do two endpoints share a physical communications medium?

Time Division Duplex (TDD):  The two ends take turns transmitting, using timeslots

Frequency Division Duplex (FDD):  The two ends use different physical channels (i.e. different frequencies) to transmit.

Code Division Multiple Access (CDMA)

Also known as Direct Sequence Spread Spectrum (DSSS)
Step 1: Creation of Orthogonal Codes
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0011  1100




0110  1001

· Each row in a table above becomes a code

· Each data bit is transmitted n times, depending on the length of the code.

· Bits are transmitted at different frequencies, called ...

· Direct Sequence Spread Spectrum

· Fast Frequency Hopping

· Message x spreading signal

· Pseudo-noise code sequence @ chip rate

· Codewords are orthogonal to each other

· Interference Limited

· Transmission at different frequencies ensures that interference at any single frequency does not cause problems.

An exercise shows how this works

Orthogonal Frequency Division Multiplexing (OFDM)

· Can transmit high data rates over hostile environments

· Used for IEEE 802.16, European radio/TV, 4th generation cellular standards… 
· Transmission Procedure:

· A data stream is inverse-multiplexed into N parallel data streams.

· Each data streams is modulated with a different frequency or code.

· The resulting signals are transmitted together in the same band.

· Correspondingly the receiver consists of N parallel receiver paths.
· A header is sent before the multiplexed data to synchronize and inform about the multiplexed channels

