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 Fresnel provided a means to calculate where the zones 

are, where a given obstacle will cause mostly in phase 

or out of phase reflections between the transmitter 

and the receiver 

 Draw an ellipsoid with BS and MS as Foci 

 All points on ellipsoid have the same BS-MS run length 

 Fresnel ellipsoids = Ellipsoids for which run length = 

LoS + iλ/2 



 The first zone must be kept largely free from 

obstructions to avoid interfering with the radio 

reception 

 Obstacles in the first Fresnel zone will create signals 

that will be 0 to 90 degrees out of phase 

 In the 2nd zone they will be 90 to 270 degrees, In 3rd 

zone, 270 to 450 degrees out of phase and so on 

 Even numbered zones have the maximum phase 

cancelling effect and odd numbered zones may 

actually add to the signal power 



 The general equation for calculating the Fresnel zone 

radius at any point P in between the endpoints of the 

link is: 

 

 

 

where, 

Fn = The nth Fresnel Zone radius in meters 

d1 = The distance of P from one end in meters 

d2 = The distance of P from the other end in meters 

λ = The wavelength of the transmitted signal in meters 

 



 If the transmitter or receiver or both are mobile the 

frequency of received signal changes 

 Moving towards each other => Frequency increases 

 Moving away from each other => Frequency decreases 

  

Frequency difference = velocity/wavelength 

 

Example: 2.4 GHz => = 3x108/2.4x109 = .125m 

               120km/hr => 120x1000/3600 = 33.3 m/s 

 

Frequency difference = 33.3/.125 = 267 Hz 



 Coherence Time = 1/Doppler Spread 

 If the transmitter, receiver, or intermediate objects 

move very fast, the Doppler spread is large and 

coherence time is small 



 

 

 

 

 Pseudo-random frequency hopping 

 Spreads the power over a wide spectrum 

 Developed initially for military 

 Patented by actress Hedy Lamarr 

 Narrowband interference can't jam 



 

 

 

 

 

 

 Spreading factor = Code bits/data bit 

 10-100 commercial (Min 10 by FCC), 10,000 for 

military 

 Signal bandwidth >10 × data bandwidth 

 Code sequence synchronization 



 Based on measured data in the field 

 Hata Model 

 COST 231 Extension to Hata Model 

 COST 231-Walfish-Ikegami Model 

 Erceg Model 

 Stanford University Interim (SUI) Models 

 ITU Path Loss Models 



 

 

 

 Based on 1968 measurement in Tokyo by Okumura 

 Closed form expression by Hata in 1980 

 fc = carrier frequency 

 ht = height of the transmitting (base station) antenna 

 hr = height of the receiving (mobile) antenna 

 a() = correction factor for the mobile antenna height based on 

the size of the coverage area 

 Designed for 150-1500 MHz 



 Receiver Diversity 

 Transmitter Diversity 

 Beam forming 

 MIMO 



 

 

 
 

 

 User multiple receive antenna 

 Selection combining: Select antenna with highest SNR 

 Threshold combining: Select the first antenna with 

SNR above a threshold 

 Maximal Ratio Combining: Phase is adjusted so that all 

signals have the same phase. Then weighted sum is 

used to maximize SNR 



 

 

 

 

 Use multiple antennas to transmit the signal 

 Ample space, power, and processing capacity at the 

transmitter (but not at the receiver) 

 If the channel is known, phase each component and 

weight it before transmission so that they arrive in 

phase at the receiver and maximize SNR 

 If the channel is not known, use space time block 

codes 



 

 

 

 

 

 Phased Antenna Arrays, receive the same signal using 

multiple antennas 

 By phase-shifting various received signals and then 

summing, focus on a narrow directional beam 

 Digital Signal Processing (DSP) is used for signal 

processing, self-aligning 



 Multiple Input Multiple Output 

 RF chain for each antenna 

 Simultaneous reception or transmission of multiple streams 



 Duplex = Bi-Directional Communication 

 Frequency division duplexing (FDD) (Full-Duplex) 

 

 

 Time division duplex (TDD): Half-duplex 

 
 

 Most WiMAX deployments use TDD 

 Allows more flexible sharing of DL/UL data rate 

 Does not require paired spectrum 

 Easy channel estimation, simpler transceiver design 

 Con: All neighboring BS should time synchronize 



 Ten 100 kHz channels are better than one 1 MHz 

channel (Multi-carrier modulation) 

 Frequency band is divided into 256 or more sub-bands 

 Orthogonal means “peak of one at null of others” 

 This is achieved by having the carrier spacing equal to 

the reciprocal of the symbol period 

 Each carrier is modulated with a BPSK, QPSK, 16-QAM, 

64-QAM depending on the noise 

 Used in 802.11a/g, 802.16, Digital Video Broadcast, 

DSL 

 Easy to implement using FFT/IFFT 



A simple example: If one sends a million symbols per 

second using conventional single-carrier modulation over 

a wireless channel, then the duration of each symbol 

would be one microsecond or less. This imposes severe 

constraints on synchronization and necessitates the 

removal of multipath interference. If the same million 

symbols per second are spread among one thousand sub-

channels, the duration of each symbol can be longer by a 

factor of a thousand, i.e. one millisecond, for 

orthogonality with approximately the same bandwidth. 



 

 

 

 

 

 Orthogonality between the sub-carriers allows their 

overlapping while disabling the occurrence of 

crosstalks 

 Thus, a significant power saving can be achieved by 

using an orthogonal multicarrier technique 



 Easy to implement using FFT/IFFT 

 Very easy and efficient in dealing with multi-path 

 Graceful degradation if excess delay 

 Robustness against frequency selective burst errors 

 Allows adaptive modulation and coding of subcarriers 

 Robust against narrowband interference (affecting 

only some subcarriers) 

 Allows pilot subcarriers for channel estimation 



 Large number of carriers 

 Smaller data rate per carrier 

 Larger symbol duration 

 Less inter-symbol interference 



 Orthogonal Frequency Division Multiple Access 

 Each user has a subset of subcarriers for a few slots 

 OFDM systems use TDMA 



 

Thanks 


