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Topics

• Link Planning for Wireless Networks.

• Basic Radio Theory.

• Link Budget Calculation.

• Radio Propagation Methodologies.
– Basic: Free Space LOS. 
– Predictive Propagation Methodologies for non-LOS. 

• Software Design Concepts. 

• User Interface for Radio Path Prediction Application.
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Link Planning for Wireless Networks

• Link Status: For any pair of radios does sufficient transmitter power arrive 
at the receiver to establish a communication link?

This is independent of frequency, modulation technique, encoding
techniques, protocols, etc. It is valid for both analog and digital networks.  In 
the terminology of the International Standards Organization Open System 
Interconnect (ISO/OSI) 7-Layer Network model we are concerned with the 
Physical layer. Data-link, and Network and Transport protocols are higher 
level layers.

• Network Path: Is there a path between any pair of radios using one or 
more intermediate radios as repeaters/routers?

• Connectivity: Is there any subset of the network link graph that is isolated 
from the rest of the network? 

• Optimization: What is the the network configuration that optimizes the 
network as a whole? 

Main challenge:
To predict the significant propagation paths from the base 
stations (hubs/repeaters) to the mobile radios as well as the 
losses among those paths. 
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Radio Theory: Transmission

• Power.
– The dB (Decibel) is the basic unit of measure for power levels; a logarithm 

scale unit, measures the difference (or ratio) between two signal levels. It is 
used to describe the effect of system devices on relative signal strength. A 
change in power level is reflected in a change in the dB metric.

– Expressed in Decibel relative units compared to milliwatts (dBm).
• Cable Loss.

– Signal loss due to the cable between transmitter and the antenna is 
subtracted.

• Antenna Gain.
– Normally given in isotropic decibels (dBi), the power gain relative to a 

theoretical single point radiator.
– Some antennas express their gain in (dBd). It’s the gain compared to a 

dipole antenna. In this case, add 2.14 to obtain the corresponding gain in 
(dBi).

• Effective Isotropic Radiated Power (EIRP).
– The effective power radiated in the main lobe of a transmitter antenna 

relative to an Isotropic radiator which has 0 dB gain.
– EIRP [dBm] = transmitted power[dBm] – cable loss[dB] + antenna gain[dBi].
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Radio Theory: Propagation Losses

• Free Space Loss.
– Useful for propagation with LOS and no intervening obstructions.
– Governed by an inverse square law; inversely proportional to the square of 

the distance. 
– Rule of thumb; Double/halve the distance -> Add/subtract 6 dB.

• Diffraction.
– When an obstacle is located between the transmitter and the receiver, some 

energy still passes around the obstacle.
– Radio waves may arrive out of phase because of diffraction.
– The losses associated with diffraction are more significant at higher 

frequencies.
– This is a significant factor in urban environments. 

• Polarization.
– Wave polarization is given by the type of antenna and its orientation.
– Antennas at transmitter and receiver should have the same polarization for 

best performance.
• Reflections.

– Radio waves reflect from the obstacles they meet. 
– At the receiver we catch at the same time the direct wave and the reflected 

waves. This leads to cancelled power at certain frequencies and also a time 
difference between the received components.
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Radio Theory: Reception
• Antenna Gain.

– Normally given in isotropic decibels (dBi), the power gain relative to an 
isotropic antenna.

• Cable Loss between antenna and receiver.
– Signal loss due to the cable between transmitter and the antenna.
– Some antennas have their gain expressed in (dBd). It’s the gain compared to 

a dipole antenna. In this case, add 2.14 to obtain the corresponding gain in 
(dBi).

• Receiver Sensitivity.
– Receiver sensitivity is the weakest RF signal level, (usually measured in 

negative dBm), that a radio needs to receive in order to demodulate and 
decode a packet of data without errors.

– This is the minimum received power (dBm) threshold necessary to achieve a 
certain bit-rate. 

• Signal to Noise Ratio.
– The minimum power difference (dB) to achieve between the wanted received 

signal and noise. 
– If the noise level is low, the system will be limited more by the receiver 

sensitivity than by the signal to noise ratio. In this case the minimum receiver 
sensitivity is the limiting factor for the system.
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Link Budget and 
Link Margin (Is this link good?) 

Link budget  is the computation of power losses for the whole 
transmission chain. By doing a link budget calculation, you can test 
various system designs and scenarios to see how much fade margin (or 
“safety cushion”) your link may theoretically have.
EIRP (Effective Isotropic Radiated Power) [dBm] = 

Transmitter Power[dBm] – cable loss[dB] + antenna gain[dBi] 
Propagation Loss [dB] (calculated based on propagation model)
Received Signal [dBm] = 

EIRP[dBm] – Propagation Loss[dB] + antenna gain[dBi] –
cable loss [dB]

Link Margin [dBm] = 
Received Signal[dBm] – Receiver Sensitivity[dBm]

Generally it is necessary to achieve a sufficient link budget 
security margin, also known as the System Operating Margin or 
Fade Margin, to assure performance under conditions with poor 
signal to noise ratio. 
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Fresnel Zone (why LOS is not enough)

Free space loss is an ideal.  Obstacles 
must not protrude within the 3-D 
ellipsoid Fresnel zone to avoid 
significant propagation losses due to 
diffraction and reflection.
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Propagation Models for Non-LOS Prediction

• Empirical models (Okumura, Hata, COST-231-Hata, RACE Dual-
Slope models).

– The model parameters are estimated by means of regression methods 
applied to extensive measured data.  They are usually easy to calculate.

• Abstract-structure-based models (Walfisch & Bertoni, Ikegami 
models). 

– The propagation loss is analytically derived assuming a simple abstract 
terrain structure that allows analytic treatment.  It is dependent on 
characterization of buildings and topographic parameters, and is intermediate 
in computational complexity.

• Semi-empirical models (COST-231-Walfisch-Ikegami models).
– The parameters of the abstract-structured model are empirically corrected to 

fit measured data.  This is only slightly more computationally complex than  
empirical models.

• Deterministic models (IHE models).
– The field is computed by using an approximation of a field integral or by ray-

tracing techniques.  Extensive geographic information about the terrain is 
exploited.  It is computationally complex.
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Propagation Prediction Models Chosen for Proof of 
Concept Software

• Free Space model.
– Benchmark for more complex methodologies.
– Suitable for open terrain.

• Empirical and Semi-Empirical models.
– Easier to implement.
– Relatively low computational load.
– Detailed representation of terrain not required.

• Initially Implement Macrocell models.
– Hata’s model.
– COST-231-Hata model.

• Later Microcell model(s).
– COST-231-Walfisch-Ikegami model.

• Indoor and Picocell models not considered at this time.
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Link Prediction Software Design Concepts
Models & Views

Propagation Model
• Allows selection of a 

propagation methodology.
• Encapsulates state of terrain 

parameters.
• Exposes propagation method 

functionality.
• Notifies views of state changes.

Radios Model
• Encapsulates state of radios 

parameters.
• Responds to state queries.
• Notifies views of state changes.

Path Loss 
View

•Renders 
Path Loss

•Requests 
updates 
from models

Link 
Margin 
View

• Renders Link 
Margin

• Requests 
updates from 
models

Link Status 
View

• Renders Link 
Status

• Requests 
updates from 
models

Graphical 
Link View

• Renders 
Geographic 
Display of Good 
Links

• Requests 
updates from 
models
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GUIs for Propagation and Radios Models

The Propagation Editor allows the 
user to select the propagation 
algorithm, and to set associated 
terrain characterization parameters.

The Radio Parameters Table contains all the 
parameters associated with each radio. 

All parameters, except Radio ID, are editable.
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Propagation Path Loss View

The Path Loss View contains the calculated path 
loss (in dB) between the radios in the 
corresponding row and column. 
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Link Margins View

The Remaining Margin View contains the results 
of the Link Budget calculations.  Cells with values 
above the specified threshold are green.  Cells 
with red background indicate insufficient margin 
for reliable performance.
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Link Status View

The Link Status View contains all the information 
necessary to check interconnectivity between 
radios on the network.  Further, by applying graph 
theoretic algorithms (such as depth first graph 
traversal) to the link status information we can 
identify all radios or subsets of radios that may be 
isolated from the rest of the network.
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Graphical Display of Network Links View

All the predicted good links for 
the entire network are displayed 
in green. 
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