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Kenyatta University- school of pure and 
applied sciences

Our programs:
(a) Academic programs in science and education

(b) Research leading to MSc. & PhDs in :
– Molecular physics
– Electronics
– Nuclear and atomic physics
– Theoretical physics
– Solid state physics
– Condensed matter physics
– Laser and optical communication
– Communication networks
– Software engineering
– Computer science
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– Highlight challenges in broadband and 
wireless communication
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Areas of discussion:

• Basic concepts in radio communication
• Technical challenges
• Modulation techniques
• Regulations (ITU , IEEE, FCC)
• Summary
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RF Spectrum
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• Spectral Efficiency (B/T)
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Receiver
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– Wavelength is Important in antenna design
• 1/2 wavelength dipole
• ¼ wavelength dipole
• Parabolic antennas
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1.5 Radio signal transmission
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1.6 RF in time- space domains and Fourier 
response frequency_time display
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1.7 Transmit Power (TX)

A radio has a certain level of radiated power 
that it generates at the RF interface. 

–The RF interface for our reference is the 
Antenna.

• This power is calculated as the amount of 
energy given across a defined bandwidth 
measured in dB or dBm.

1 dBm = 10 x log [Power in Watts / 0.001W]
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1.8 Receiver Sensitivity (Rx)

– Each radio has a Receiver  Sensitivity; Rx 
sensitivity is stated in dBm or W. 

– A Bit Error Rate (BER) of 10-5 (99.999%) is
normally used. In WiFi and WiMax equipments 
the receiver sensitivity is in the range of (–79 to 
–80) dBm. 

» The noise level must be lower than the 
receiver  sensitivity for successful 
communication.

» In WiFi equipments, the nominal RX 
sensitivity is ( –90 to –96 ) dBm noise level.

» Noise is any unwanted signal arriving at a 
receiver.

18

1.9 Radiated Power (RF Power)

• In a wireless system, Antennas are used to convert 
electrical waves into electromagnetic waves for 
propagation

• Antennas also amplify the RF signal before 
transmitting to the receiver.

• The actual energy radiated by an antenna is 
called:

Effective Isotropic Radiated Power (EIRP)
– The amount of EIRP is controlled by the 

regulator in each country and by ITU-R 
standards. 
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1.10 Antenna gain GA

The amount of energy the antenna can ‘boost’ the 
transmit  and received signal.

• An antenna amplifies RF signals both in the 
transmit and receive paths. 

• GA depends on the design, materials used and 
on the geometry. Antenna gain is measured in 
dB:

• GA  =  20 log (Pout/Pin) dB

20

Radio wave propagation path
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2. Challenges in radio communication:
Noise sources:

» automobile, ignitions, Aircrafts, lightning, 
transients and  thermal noise in the receiver 
itself.

» The ratio of the signal strength to the noise level is called 
the signal to-noise ratio (SNR).

» If SNR is high ( the signal power is much greater than the 
noise) few errors will occur.- As the SNR reduces, the 
noise may cause errors.

» The bit error rate (BER) of a system indicates the quality 
of the link.

» Thermal noise can be modelled as Additive White 
Gaussian Noise (AWGN).

» A BER of 10 exp(-3) for voice, A BER of 10 exp(-9) for a 
data link.

» A coherent QPSK system requires a SNR of greater than 
approximately 12dB for a BER of better than 10-3.

22

2.2 The Noise problem cont..

• Noise in RF channels causes distortion of 
the signals and creates errors in reception.

• Noise in a radio channel can be defined by:
–Signal to Noise Ratio (S/N)
–Carrier to Interference Ratio (C/I)
–Bit Error Ratio (BER)
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2.3 Interference in the radio channel

Interference is the result of other man-made 
radio transmissions. 

» (a) Adjacent channel interference
occurs when energy from a carrier spills 
over into adjacent channels. 

» (b) Co-channel interference occurs 
when another transmission on the same 
carrier frequency affects the receiver 

» © The ratio of the carrier to the 
interference (from both sources) is called 
the carrier-to-interference ratio (C/I).

» (d) Increasing the carrier power at the 
receiver will increase the interference for 
other mobiles in the network.

24

2.4 RF Power Losses

As the radio signal propagates in the free 
space from the transmitter station to receiver 
station, it encounters numerous power losses. 

»Free space air attenuation/loss
» Cable loss
»Connector loss
»Jumpers loss 
»Obstructions
»Scattering
»Dispersion
»Reflections
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2.5 Limiting the Radiated Power

The regulator and ITU will set a certain guidelines of the maximum 
amount of energy radiated out of an antenna. 

(a) Effective Isotropic Radiated Power (EIRP) measured in 
dBm  = power at antenna input [dBm] –connector loss + 
Relative antenna gain [dBi]

(b) Effective Radiated Power (ERP) measured in dBm
= power at antenna input [dBm]-connector loss
+ Relative antenna gain [dBd]

» Nominal  EIRP : 36 dBm. 
» Maximum EIRP for Point-to-Point (P2P) links 36 dBm
» Max EIRP for Point-to-Multi-Point (P2MP) : 30 dBm

26

2.6 Free Space Propagation Losses

As the RF signal leaves the antenna it propagates, or 
disperses, into space.

• The antenna type and gain will determine how 
much propagation will occur. 

• it is extremely important to ensure a path (or 
tunnel) between the two antennas is clear of any 
obstructions. (LOS) 

• Degradation in the signal will likely to occur if the 
propagating signal encounters any obstructions in 
the path. 

• Trees, buildings, power lines and towers are 
common examples of path obstructions. 

• The greatest amount of loss in a radio system will 
be from Free Space Propagation also known as 
free space loss (FSL)
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2.6.1 The Free Space Loss

FSL(dB) = 32.45 + 20Log10 F(MHz) + 20Log10 D(km)
• The Free Space Loss at one (1) km using a 2.4 GHz system 

is:
– FSL(dB) = 32.45 + 20Log10(2400) + 20Log10(1)  =  

32.45 + 67.6 + 0    =  100.05 dB
– 100 dBm Free Space Loss (FSL) is quite large. 

Considering the Effective Radiated Isotropic Power 
(EIRP), the energy of the signal radiated out of the 
antenna is only around 30-36 dBm.

• Receiver Power:  –70 to about –80 dBm of energy at the 
receiver antenna.

• Antenna Gain: Radio 1 Antenna (dBi) + Radio 2 Antenna 
(dBi) = Total Antenna Gain

• Losses: Radio 1 + Cable Loss (dB) Radio 2 + Cable Loss 
(dB) + Free Space Path Loss (dB) = Total Loss (dB)

28

2.6.2 Free space model
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2.6.3 Okumara model

 

The Okumara model is useful in the frequency range : 500 to 900 MHz
Propagation loss (Lp):

Lp = K1 + k2 * log (d)

Whereby:
K1 = 69.55 + 26.16 log (f)  - 1.82 log (hb),  K2  =  44.9- 6.55 log ( hb), 
d  =  distance in meters,  f  =  frequency,  hb = Antenna height

Lp’ = Lp – A, terrain correction factor
A = 4.78 [ log (f)] ² + 18.33 log (f) – A’, A’ = environmental factor
For rural areas, A’ = 35.94 dB

30

2.6.4 Cost Hata model

Cost Hata model is useful in the frequency range : 
2 GHz to 30 GHz
Propagation Loss (Lp):

Lp = K1’ + K2 * log (d)
Whereby:

K1 = 46.3 +33.9 log (f)–13.82 log(hb)
K2  =  44.9- 6.55 log ( hb), 

d  =  distance in meters, f  =  frequency,  
hb = Antenna height ,

Lp’=Lp-A, A= 4.78 log (f)²+n 18.33 log(f)-A



6/27/2006

16

31

2.7 The Fresnel Zone clearance and Line of 
sight LOS

• The Fresnel Zone theory is used to quantify Radio 
Line of Sight.

• Acceptable Radio Line of Sight that at least 60% of 
the first Fresnel Zone plus 3 meters is clear of any 
obstructions. 

• 80% of the first Fresnel Zone as the acceptable 
Radio Line of Sight.

• When obstructions intrude on the acceptable 
Fresnel Zone many issues can arise which will 
affect the performance of the system.

32

2.7.1 Freznel zone clearance
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2.7.2 Freznel zone radius

34

2.7.3.1 Reflection.

»The abrupt change in direction of a 
wave front at an interface between 
two dissimilar media so that the wave 
front returns into the medium from 
which it originated.

»The reflecting object is large 
compared to wavelength.The incident 
wave propagates away from smooth 
scattering plane.
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2.7.3.2 Fading.

–Multi-path fading occur when secondary 
waves arrive out-of-phase with the 
incident wave causing signal 
degradation at the receiver.

–Fading types:
»Multipath fading
»Rayleigh fading

36

2.7.3.3 Refraction.

The incident wave propagates through 
scattering plane but at an angle. 

–Frequencies less than 10 GHz are not 
affected by heavy rains, snow, fog. 

–At 2.4 GHz, attenuation is 0.01 dB/Km 
for 150 mm/hr of rain.



6/27/2006

19

37

2.7.3.4 Diffraction.

The incident wave passes around obstruction 
into shadow regions.

38

2.7.3.5 Scattering

• Scattering is a phenomenon in which the 
direction or polarization of the wave is 
changed when the wave encounters 
propagation medium discontinuities smaller 
than the wavelength (e.g. foliage, street 
signs, …)

• Scattering results in a disordered or 
random change in the incident energy 
distribution
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2.7.4 Modulator & demodulator loss

The modulator and the demodulator in radio 
transceivers are sources of

noise and distortion .

They are sources of non linear distortions that 
must be filtered out at the receiver.

40

2.7.5 Other sources of error

Other sources of error in a radio channel include:
– Signal delay between transmitter and receiver
– Echo
– Jitter spread
– Sampling, alias and quantization errors
– Electromagnetic disturbances from the 

environment
– Transients and power surges
– Lightning and thunderstorms
– RF signals from other illegal users and hackers
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2.7 The Link Budget

For our radio link to work, we must calculate the link 
budget between the transmitter and the receiver:

• Radio 1 TX   Power  + Antenna Gain - Total Loss = 
RX Signal at Radio 2

• Radio 2 TX Power + Antenna Gain - Total Loss = 
RX Signal at  Radio 1

Link Test:
The Radio link is feasible  if  RX – RXs > 0

42

3. Modulation Techniques:

3.1 Common modulation techniques used in radio 
communication:
– Amplitude modulation (AM)
– Frequency Modulation (FM)
– Quadrature amplitude Modulation (QAM)
– Gaussian minimum shift keying (GMSK)
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Modulation
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3.2 Common multiplexing techniques

– Time Division Multiple Access (TDMA)
– Code Division Multiplexing (CDMA) also 

known as spread spectrum 
– Time Division Multiplexing (TDM)
– Orthogonal Frequency Division Multiplexing 

(OFDM)
– Time Division Duplexing (TDD)

Modern communication systems use one or a 
combination of the above modulation  and 
coding techniques.

50

3.3 Channel capacity

Available channel capacity expression:
C =  B * log2 (1 + S/N)

B: Bandwidth
S/N: Signal to Noise Ratio

In CDMA, S/N is made very large  to make the noise level 
small with an increase in B ( spreading the bandwidth)

C  = B * log2 (S/N)



6/27/2006

26

51

4.1 Candidate RF Bands for UMTS/IMT 2000

• 450- 470 MHz 925-935 MHz
• 470-600 MHz 925-960 MHz
• 470-790 MHz

• 806-960 MHz 1710-1880 MHz
• 880-915 MHz 1920-1980 MHz
• 880-890 MHz 2110-2170 MHz
Source UMTS Forum Report No 38 of 

January 2005

52
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5. Summary:
Radio is a very important tool for transmission:

1.Radio will be predominantly used in IMT 2000 and UMTS 
systems as the access.

2.As the demand for higher transmission speed and bandwidth 
continues to grow, the available frequency spectrum is 
diminishing. 

3.It is important to design radio systems that require narrow 
bandwidths per channel and yet achieve high transmission 
speeds. 

4. Modern communication applications such as fixed Voice, 
mobile, Internet, Video, Multimedia depend very much on the 
broadband radio systems.

5.It is also important to regulate the radio spectrum in order to 
achieve maximum spectrum efficiency and to minimize 
interference between operators.

6. Some radio systems may have to be removed from 
operation if they are not efficient in spectrum utilization 
especially in the UMTS/IMT 2000 bands

7.The question of transmit power control should also be 
critically looked at by the regulators in order to reduce 
interference and protect citizens from harmful RF radiation.g
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