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1.Introduction 

Multiplexing: Sharing a Medium

Multiplexing is sending multiple signals or streams of information on a carrier at the same time in the form of a single, complex signal  and then recovering the separate signals at the receiving end.

· Multiplexer (MUX)

· Demultiplexor (DEMUX)

· Sometimes just called a MUX
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Advantages and disadvantages of multiplexing techniques

Multiplexing Technique  Advantages. Disadvantages
Frequency Division  Simple Analog signals only
Multiplexing

Synchronous Time
Division
Multiplexing

Statistical Time
Division
Multiplexing

Dense Wavelength
Division
Multiplexing

Code Division
Multiplexing

Popular with radio, TV, cable TV
Relatively inexpensive

All the receivers, such as cellular
telephones, do not need to be at
the same location

Digital signals

Relatively simple
Commonly used with T-1
and ISDN

More efficient use of bandwidth
Packets can be various sizes
Frame can contain control

and error information

Very high capacities over fiber
Scalable
Signals can have varying speeds

Large capacities
Scalable

Limited by frequency ranges

Wastes bandwidth

More complex than
synchronous time division
multiplexing

Cost
Complexity

Complexity




In telecommunications and computer networks, multiplexing (also known as muxing) is a process where multiple analog message signals or digital data streams are combined into one signal over a shared medium. The aim is to share an expensive resource. For example, in telecommunications, several phone calls may be transferred using one wire. It originated in telegraphy, and is now widely applied in communications.

The multiplexed signal is transmitted over a communication channel, which may be a physical transmission medium. The multiplexing divides the capacity of the low-level communication channel into several higher-level logical channels, one for each message signal or data stream to be transferred. A reverse process, known as demultiplexing, can extract the original channels on the receiver side.

A device that performs the multiplexing is called a multiplexer (MUX), and a device that performs the reverse process is called a demultiplexer (DEMUX).

Inverse multiplexing (IMUX) has the opposite aim as multiplexing, namely to break one data stream into several streams, transfer them simultaneously over several communication channels, and recreate the original data stream.

2. Categories:

The two most basic forms of multiplexing are time-division multiplexing (TDM) and frequency-division multiplexing (FDM), both either in analog or digital form. FDM requires modulation of each signal.
In optical communications, FDM is referred to as wavelength-division multiplexing (WDM).

Variable bit rate digital bit streams may be transferred efficiently over a fixed bandwidth channel by means of statistical multiplexing, for example packet mode communication. Packet mode communication is an asynchronous mode time-domain multiplexing, which resembles, but should not be considered as, time-division multiplexing.

Digital bit streams can be transferred over an analog channel by means of code-division multiplexing (CDM) techniques such as frequency-hopping spread spectrum (FHSS) and direct-sequence spread spectrum (DSSS).

2.1- Frequency Division Multiplexing

Assignment of non-overlapping frequency ranges to each “user” or signal on a medium.  Thus, all signals are transmitted at the same time, each using different frequencies.

A multiplexer accepts inputs and assigns frequencies to each device.  

The multiplexer is attached to a high-speed communications line.

A corresponding multiplexer, or demultiplexer, is on the end of the high-speed line and separates the multiplexed      signals.
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· In many communication systems, a single, large frequency band is assigned to the system and is shared among a group of users. Examples of this type of system include:

1. A microwave transmission line connecting two sites over a long distance. Each site has a number of sources generating independent data streams that are transmitted simultaneously over the microwave link.

2. AM or FM radio broadcast bands, which are divided among many channels or stations. The stations are selected with the radio dial by tuning a variable-frequency filter. (We examined AM and FM

3. A satellite system providing communication between a large number of ground stations that are separated geographically but that need to communicate at the same time. The total bandwidth assigned to the satellite system must be divided among the ground stations.

4 A cellular radio system that operates in full-duplex mode over a given frequency band. The earlier cellular telephone systems, for example AMPS, used analog communication methods. The bandwidth for these systems was divided into a large number of channels. Each pair of channels was assigned to two communicating end-users for full-duplex communications

Advantages:

FDM has both advantages and disadvantages relative to TDM. The main advantage is that unlike TDM, FDM is not sensitive to propagation delays. Channel equalization techniques needed for FDM systems are therefore not as complex as those for TDM system

Disadvantages:

Disadvantages of FDM include the need for band pass filters, which are relatively expensive and complicated to construct and design (remember that these filters are usually used in the transmitters as well as the receivers). TDM, on the other hand, uses relatively simple and less costly digital logic circuits. Another disadvantage of FDM is that in many practical communication systems, the power amplifier in the transmitter has nonlinear characteristics (linear amplifiers are more complex to build), and nonlinear amplification leads to the creation of out-of-band spectral components that may interfere with other FDM channels. Thus, it is necessary to use more complex linear

Example—FDM for commercial FM radio 

The frequency band from 88 MHz to 108 MHz is reserved over the public airwaves for commercial FM broadcasting. The 88–108 MHz frequency band is divided into 200 kHz sub-bands. As we saw in Chapter 6, the 200 kHz bandwidth of each sub-band is sufficient for high-quality FM broadcast of music. The stations are identified by the center frequency within their channel (e.g., 91.5 MHz, 103.7 MHz). This system can provide radio listeners with their choice of up to 100 different radio stations. 

2.2- wavelength- division multiplexing (WDM):     

In fiber-optic communications,WDM is a technology which multiplexes multiple optical carrier signals on a single optical fiber by using different wavelengths (colours) of laser light to carry different signals. This allows for a multiplication in capacity, in addition to enabling bidirectional communications over one strand of fiber. This is a form of frequency division multiplexing (FDM) but is commonly called wavelength division multiplexing.[1]
The term wavelength-division multiplexing is commonly applied to an optical carrier (which is typically described by its wavelength), whereas frequency-division multiplexing typically applies to a radio carrier (which is more often described by frequency). However, since wavelength and frequency are inversely proportional, and since radio and light are both forms of electromagnetic radiation, the two terms are equivalent in this context.
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· An analog multiplexing technique to combine optical signals

· Multiple beams of light at different frequency

· Carried by optical fibber

· A form of FDM

· Each color of light (wavelength) carries separate data channel

· Commercial systems of 160 channels of 10 Gbps now available
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Dense Wavelength Division Multiplexing (DWDM)

Dense wavelength division multiplexing is often called just wavelength division multiplexing 

Dense wavelength division multiplexing multiplexes multiple data streams onto a single fiber optic line.

Different wavelength lasers (called lambdas) transmit the multiple signals.

Each signal carried on the fiber can be transmitted at a different rate from the other signals.

Dense wavelength division multiplexing combines many (30, 40, 50, 60, more?) onto one fiber.
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WDM systems



WDM System

A WDM system uses a multiplexer at the transmitter to join the signals together,  and a demultiplexer at the receiver to split them apart.

The concept was first published in 1970, and by 1978 WDM systems were being realized in the laboratory. The first WDM systems only combined two signals. Modern systems can handle up to 160 signals and can thus expand a basic 10 Gbit/s fiber system to a theoretical total capacity of over 1.6 Tbit/s over a single fiber pair.

2.3- Code Division Multiplexing (CDM)

Code Division Multiplexing (CDM) is a technique in which each channel transmits its bits as a coded channel-specific sequence of pulses. This coded transmission typically is accomplished by transmitting a unique time-dependent series of short pulses, which are placed within chip times within the larger bit time. All channels, each with a different code, can be transmitted on the same fiber and asynchronously demultiplxed. Other widely used multiple access techniques are Time Division Multiple Access (TDMA) and Frequency Division Multiple Access (FDMA).

Code Division Multiplex techniques are used as an access technology, namely Code Division Multiple Access (CDMA), in Universal Mobile Telecommunications System (UMTS) standard for the third generation (3G) mobile communication identified by the ITU. Another important application of the CDMA is the Global Positioning System (GPS).

Code division multiplexing (CDM) allows signals from a series of independent sources to      

be transmitted at the same time over the same frequency band.
   CDM:

· CDM Old but now new method.

· Also known as code division multiple access (CDMA)

· An advanced technique that allows multiple devices to transmit on the same frequencies at the same time using different codes

· Used for mobile communications

· An advanced  technique that allows multiple devices to transmit on the same frequencies at the same time.

· Each mobile device is assigned a unique 64-bit code (chip spreading code)

· To send a binary 1, mobile device transmits the unique code

· To send a binary 0, mobile device transmits the inverse of code

Receiver gets summed signal, multiplies it by receiver code, adds up the resulting values

Interprets as a binary 1 if sum is near +64

Interprets as a binary 0 if sum is near –64

code division multiple access: 

CDMA is a channel access method utilized by various radio communication technologies. It should not be confused with the mobile phone standards called CDMA One and CDMA2000 (which are often referred to as simply "CDMA"), which use CDMA as an underlying channel access method.

One of the basic concepts in data communication is the idea of allowing several transmitters to send information simultaneously over a single communication channel. This allows several users to share a bandwidth of different frequencies. This concept is called multiplexing. CDMA employs spread-spectrum technology and a special coding scheme (where each transmitter is assigned a code) to allow multiple users to be multiplexed over the same physical channel. By contrast, time division multiple access (TDMA) divides access by time, while frequency-division multiple access (FDMA) divides it by frequency. CDMA is a form of "spread-spectrum" signaling, since the modulated coded signal has a much higher data bandwidth than the data being communicated.

CDMA has been used in the Omni TRACS satellite system for transportation logistics.

CDMA standards:

Interim Standard 95 (IS-95) is the first CDMA-based digital cellular standard pioneered 

By Qualcomm and its brand name is cdmaOne. It is now being replaced by IS-2000 (CDMA2000), a later CDMA-based standard. CDMA2000 is being used in some countries such as the USA, South Korea, Canada, Mexico, India, Israel, Australia, Venezuela, Brazil and China. WCDMA (Wideband Code Division Multiple Access), originated by NTT DoCoMo in Japan, supports very high-speed multimedia services such as full-motion video, Internet access and video conferencing, is a competitor to CDMA2000. WCDMA has been selected for the third generation

of mobile telephone systems in Europe, Japan and the United States.

 CDMA features:

· .

· Each original signal (a message in narrowband) is multiplied by a wideband spreading

· Extended battery life thanks to spread spectrum characteristic (effective power control)

· Soft capacity limit: system performance degrades for all users as the number of users .increases

· No frequency planning needed (Frequency reuse)

· Soft handoff

· Near-far problem

· Interference limited: power control is required

· Wide bandwidth induces diversity: rake receiver is used

 Advantages of CDMA:

· Reduction of dropped calls thanks to Soft Handoff

· Capacity is CDMA's biggest asset. It can accommodate more users per MHz of bandwidth

· than any other technology

· CDMA has no built-in limit to the number of concurrent users

· CDMA uses precise clocks that do not limit the distance a tower can cover

· CDMA consumes less power and covers large areas so cell size in CDMA is large

· CDMA is able to produce a reasonable call with lower signal (cell phone reception) levels

· CDMA's variable rate voice coders reduce the rate being transmitted when the speaker is not talking, which allows the channel to operate more efficiently

· CDMA has a well-defined path to higher data rates

 Disadvantages of CDMA:
· Most CDMA-based technologies are patented and must be licensed from Qualcomm.

· As the number of subscribers using a certain site goes up, the range of that site goes down

· CDMA towers interfere with themselves so they are usually installed on short towers and CDMA system may not perform well in hilly areas

Currently CDMA covers a smaller portion of the world compared to GSM which has more subscribers and is in more countries worldwide
 CDMA Technology:

The world is demanding more from wireless communication technologies than ever before as more people around the world are subscribing to wireless. Add in exciting Third-Generation (3G) wireless data services and applications - such as wireless email, web, digital picture taking/sending, assisted-GPS position location applications, video and audio streaming and TV broadcasting - and wireless networks are doing much more than just a few years ago. 

This is where CDMA technology fits in. CDMA consistently provides better capacity for voice and data communications than other commercial mobile technologies, allowing more subscribers to connect at any given time, and it is the common platform on which 3G technologies are built.

The CDMA air interface is used in both 2G and 3G networks. 2G CDMA standards are branded CDMA One and include IS-95A and IS-95B. CDMA is the foundation for 3G services: the two dominant IMT-2000 standards, CDMA2000 and WCDMA, are based on CDMA.

Summary   Of   CDMA


There are still conflicting performance claims for TDMA and CDMA. Since both TDMA and CDMA have become TIA standards— IS-54 and IS-95, respectively—vendors are now aiming their full marketing efforts toward the cellular carriers. Proponents of each technology have the research to back up their claims of superior performance. Of the two, CDMA suffered a credibility problem early on because its advocates made grandiose performance claims for CDMA that could not be verified in the real-world operating environment. In some circles, this credibility problem lingers today. Of note, however, is that both technologies have been successful in the marketplace, each having been selected by many cellular carriers around the world. Both are capable of supporting emerging PCS networks and providing such services as wireless Internet access, Short messaging Service, voice mail, facsimile, paging, and video. Although TDMA-based Global System for Mobile (GSM) telecommunications is the dominant standard in the global wireless market, the use of CDMA is growing rapidly. GSM’s head start in the market gives it a much larger presence and practically guarantees that GSM will continue to lead the digital cellular market for the next 5 years.

 2.4 -Time-division multiplexing (TDM):-
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” Time-division multiplexing (TDM) is a method of putting multiple data streams in a single signal by separating the signal into many segments, each having a very short duration. Each individual data stream is reassembled at the receiving end based on the timing.”

The circuit that combines signals at the source (transmitting) end of a communications link is known as a multiplexer. It accepts the input from each individual end user, breaks each signal into segments, and assigns the segments to the composite signal in a rotating, repeating sequence. The composite signal thus contains data from multiple senders. At the other end of the long-distance cable, the individual signals are separated out by means of a circuit called a demultiplexer, and routed to the proper end users. A two-way communications circuit requires a multiplexer/demultiplexer at each end of the long-distance, high-bandwidth cable.

If many signals must be sent along a single long-distance line, careful engineering is required to ensure that the system will perform properly. An asset of TDM is its flexibility. The scheme allows for variation in the number of signals being sent along the line, and constantly adjusts the time intervals to make optimum use of the available bandwidth. The Internet is a classic example of a communications network in which the volume of traffic can change drastically from hour to hour.

Time Slots and Frames:-

· Each terminal/host given a “slice” of time (time slot)

· In TDM, a frame consists of one complete cycle of time slots, with one slot dedicated to each sending device.
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INTERLEAVING: -

Multiplexer/Demultiplexer process a terminal/host’s unit in turn.

Character (byte) Interleaving: -

          Multiplexing perform one/more character(s) or byte(s) at a time (one byte per unit)

Bit Interleaving: -

Multiplexing perform on one bit at a time (one bit per unit)


[image: image9]
Time division multiplexing comes in two basic forms:

1. Synchronous time division multiplexing, and

2. Statistical or asynchronous time division multiplexing.

Synchronous Time Division Multiplexing

The multiplexer accepts input from attached devices in a round-robin fashion and transmit the data in a never ending pattern.

T-1 and ISDN telephone lines are common examples of synchronous time division multiplexing.
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Three types popular today:

· T-1 multiplexing (the classic)

· ISDN multiplexing

· SONET (Synchronous Optical NETwork)

1) The T1 system for wire line telephone networks

The T1 system is used for wire line long-distance service in North America and is an excellent example of TDM. Speech from a telephone conversation is sampled once every 125 ms and each sample is converted into eight bits of digital data. Using this technique, a transmission speed of 64,000 bits/sec is required to transmit the speech. A T1 line is essentially a channel capable of transmitting at a speed of 1.544 Mbit/sec. This is a much higher transmission speed than a single telephone conversation needs, so TDM is used to allow a single T1 line to carry 24 different speech signals between, say, two different telephone substations (called central offices) within a city. The 1.544 Mbit/sec bit stream is divided into 193-bit frames. The duration of each frame is
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Corresponding to the period between samples of the speech. Each frame is divided into 24 slots, which are each eight bits wide (corresponding to the number of bits needed to digitize a speech sample). One additional bit at the end of the frame is used for signaling. The eight bits of data corresponding to a sample of the speech are placed into one of the 24 slots in the frame.

For longer distances (say, between two large cities) higher-capacity channels are used and multiple T1 lines are time division multiplexed onto the new channels. A T3 channel for example, has a transmission speed of 44.736 Mbit/sec and uses TDM to carry 28 T1 lines (a total of 672 different speech signals) plus signaling. For more information on this hierarchical multiplexing system.


[image: image12.png]Tt chanael with transmission speed of 1544 Mbiusee |

1955t rame 9551 e 193bit frame

/ ‘ < i
w5 T e T b . whi ] Bh [ 6
Lot [ o2 | ot dotzs | oty | sors

. 1935 rame coniins 24 .t

plus one adiconal bi for signaling





—Time division multiplexing on a T1 line.

2) SONET (Synchronous Optical Network):-
· Specification for high-speed digital transfer via optical fiber 

· Rates from 51.84Mbps to 13.2Gbps 

· Uses Synchronous TDM

Statistical multiplexing

Statistical multiplexing is a type of communication link sharing, very similar to dynamic bandwidth allocation (DBA). In statistical multiplexing, a communication channel is divided into an arbitrary number of variable bit-rate digital channels or data streams. The link sharing is adapted to the instantaneous traffic demands of the data streams that are transferred over each channel. This is an alternative to creating a fixed sharing of a link, such as in general time division multiplexes and frequency division multiplexing. When performed correctly, statistical multiplexing can provide a link utilization improvement, called the statistical multiplexing gain.

Statistical multiplexing is facilitated through packet mode or packet oriented communication, which amongst others is utilized in packet switched computer networks. Each stream is divided into packets that normally are delivered asynchronously in a first-come first-serve fashion
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Conclusion:
Multiplexing is a sharing of medium best way to utilize the bandwidth. There are particular devices used for multiplexing on sender side, the multiplexer (MUX) and receiving side reassemble the signals by using demultiplexer (DEMUX).

Both types of signals, analogue and digital are multiplexed.

Currently many techniques are used in multiplexing. I.e. FDM, WDM, CDM, TDM….

TDM also divided into statistical and synchronous.

FDM and TDM techniques design for analogue signals and TDM for digital signals. FDM can be applied when the bandwidth of a link “in hertz” is greater than the combined bandwidth of the signals to b transmitted.

WDM is designed to use the high bandwidth capability of fiber optic cable.

CDM is an advanced technique that allows multiple devices to transmit on the same frequencies at the same time using different codes.

TDM is a digital process that allows several connections to share the high bandwidth of link. TDM divided into two schemes synchronous and statistical.

Synchronous multiplexing is a circuit mode and statistical multiplexing is packet mode communication.

Digital bit stream can be transformed over an analogue channel.
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