Wireless Communication Systems

Module 2: M obile Radio Propagation

Main reference Rappaport Chapter 4,5
Minor reference Stallings Chapter 5

Part 2

Main Reference Rappaport Chapter 4, Sedions 4.4-4.10
Minor reference Stallings Chapter 5, Sedion 5.4

L arge scale fading
Propagation mechanisms (Rappaport Sedion 4.4 and bits of 4.5, 4.7, 4.8)

Propagation paths: Line-of-sight (LOS) and Non-line-of-sight (NLOS).
NLOS paths include those involving refledions, diffracion and/or scatering.

Refledion

When propagating EM waves impinge on objed which has dimensions much
larger than wavelength of EM wave.

For f=1GHz, A=30cm..... refledions from eath’s surface buildings, walls.

In genera, fradion of incident energy is aso transmitted into body of refleding
objed.

E.g. If therefleding objed (i.e. transmitting medium) is a perfed conductor then
all of the incident energy is refleded, otherwise only part of the incident energy
isrefleded.

In generd, fradion of refleded energy I' depends on the material properties of
the incident and transmitting media, and on the properties of the propagating EM
waves (angle of incidence, polarizaion ,frequency).

Diffradion

Bending of propagating EM waves around large objeds lying between the Tx
and Rx.

Enables transmitted signal to be recaved when recever in the “shadow’ of an
objed ... signal diffrads around the objed.

Diffradion is explained by Huygen's principle:

1. dl pointson awavefront can be considered as point sources for the
production of secondary wavelets

2. Strength of the total signal at any point is given by the phasor sum of the
seondary wavelets.

3. Thewavefront correspondsto the line of points at which constructive
phasor summing occurs. In absence of obstructing objeds, the wavefront
is circular/sphericd. In the presence of obstructing objeds, the wavefront
(line of constructive phasor summing) bends around the objed.



Let us denote diffrading objed/edge by obs (obstructing objea). Diffrading
signal strength dependent on the diffracing angle (angle between the line Tx-obs
and the line obs-Rx) and the distance between Tx and Rx. Note: the diffrading
angle (and therefore the diffrading signal strength) is dependent on the relative
heights of Tx, obs and Rx.

The strength of the diffracion signal is also affeded by the roughnessof the
diffrading/obstructing objed. Reason: an objed with a rough edge/surface
causes random scatering waves. These interfere with the anstructive phasor
summing, leading to awedker diffradion signal.

Scattering

Caused by:
1. rough surfaces (variation in surfaceheight comparable to, or larger than
EM wavelength);
2. small objeds (dimensions snall compared to EM wavelength).
3. large number of (small) objeds per unit volume.
Rough surface reflected energy spreads out in “all’ diredions. In general, all
refledive surfaces cause some scatering.
Examples of small objeds. lampposts, stred signs, foliage.

Recaved signal strength
Pr(NLOS)=refleded strength + diffraced strength + scatered strength.
Pr(NLOS+LOS) can be greder than or lessthan Pr(LOS).

L arge Scale Fading Propagation models (Rappaport Sed 4.6, 4.9, 4.10)

Used to predict large scde fading effeds ... attenuation (or path loss.
Threemodel caegories. (1) general models, (2) empiricd models, (3) analyticd
models.

Analyticd models are site spedfic (spedfic location of RX, TX in agiven
environment) and are based on detail ed analysis of refledion, diffradion and
scatering effeds. Examples. 2-ray Ground reflecion model, Longley-Rice
model, Durkin model.

Empiricd models. heuristicdly derived peth lossequations involving relevant
parameters, such as TX antenna height, signal frequency, TX-RX separation
distance The parameter coefficients, for a particular environment (e.g. suburban),
are determined using measured peth lossdata. Examples. Hata model, Okumura
model.

Genera models: very general models. Example: log normal shadowing model.



Analytical model: 2-ray Ground Reflection model (Sed 4.6 Rappaport)

Thismodel isthe simplest of the analyticd model types. It is reasonably acairate for
predicting large scde fading effedsin various mobile radio system environments,
particularly microcdl environments with LOS.

Recaved signa equals 1m of LOS signal and signal refleded from ground. SeeFigure
4.7 Rappaport.

Let hy and h be the height of the transmitter Tx and recaver Rx, respedively, above the
ground.
Let d be the distance dong the ground between Tx and Rx.
Let d' =distancetraveled by LOS signal and d’ =distancetraveled by NLOS signal.
Let @ =2m(d”-d)/ A = phase delay of NLOS signal relative to LOS signal.
Asaime d>>hy, hg (that isincident angle and refledion angle ae small), then:
B4 1thy he/ (dA)
and T [E-1.
Hencetotal phase difference between NLOS and LOS signalsis A8 = 1t + 6.

Amplitude Vr of recaved signal is determined via phasor addition of
LOS signa (amplitude proportional to 1/d” ~= 1/d; phase ¢)
and NLOS signa (amplitude proportional to 1/d” ~= 1/d; phase ¢-A8).
We find: amplitude of receved signal Vg proportiona to (1/d)sin(6/2).
For small 8, we have sin(6/2) = 6/2 U= 2rthy he/ (d A). Hencereceved power
P proportiona to hr? he? / (d*A?).

General Path Loss model (Sedion 4.9 Rappaport).

Used for obtaining approximate estimate of recaeved signal strength as a function of
distance (for a given general environment type)....useful for determining maximum
coverage for given transmitted power Pr.

Consider a given environment e.g. suburban. Consider alarge ensemble of TX-RX pairs
within this environment, ead of the pairs has the same TX-RX separation distanced.

Let PL denote large scde fading path loss(Pr/Pgr). Let PLave(d) denote the PL ensemble
average, at TX-RX separation distanced.

L og distance path model (applicable to outdoor or indoor environments)
PLave(d) increases logarithmicdly with distance

PL ave(d) proportional to d”
where n=path lossexponent, which depends on the environment type eg. suburban.
Note: 2-ray ground reflecion model corresponds to n=4, while freespacepropagation
model corresponds to n=2.



More generaly, we use:
PI—AVE (d) = PLAVE(d()) (d/do)n
or PLAVE(d) dB = PLAVE(dQ) dB +10n|Og(d/d())
where d>dy and dy isaclose-in reference distance = PL ave(do) is determined from
adual measurements.

SeeTable 4.2 Rappaport ... path lossexponents for different environments.
Freespaoe(LOS only): n=2

In building with LOS (i.e. LOS+NLOS): n<2.

In building without LOS (i.e. NLOS only): n>2

Urban areawith LOS cdlular radio: n>2

Urban areawithout LOS: n>2.

TAWN P

L og normal shadowing model
The log distance model describes the ensemble average path loss ...however, it provides
no indication of how the individual PL(d) values vary about this average (or mean).

The log normal shadowing model assumes the individual PL(d) decibel valuesform a
Gaussan distribution with mean PL ayg(d) dB and variance 0.
That isthe adua path loss(decibels) for agiven Tx-Rx locaion is

PL(d) dB = PLag(d) dB + X5
where X, is asample from a zeéo mean normal (Gaussan) distribution with standard
deviation o. This log-normal distribution describes the different shadowing effeds which
ocaur within the environment.

The log normal shadowing model parameters n,o are dependent on the environment

type.
SeeRappaport Example 4.9(a),(b) for an example of cdculating n and o.

Receaved power:
PR (d)dB:PT dB — PLA\/E(d) dB - Xo‘
= Prave(d) dB - Xs.
Can predict probability of Pg(d) dB falling below certain level.

1. Important for predicting probability of communication errors (or rate of
communicéion errors).

2. Error rate depends on Pr /Py (where Py is the recever noise power). The
exad dependence depends on “‘modulation’ scheme employed by
transmitter

3. Py can be determined for a particular recaver (seeAppendix B
Rappaport).

4. Hencefor given P and gven recaver can predict probability of error
ocaurring.

5. Seesedion 4.9.2 Rappaport.



Percentage of coverage aea

1.
2.

Consider base-station with cdlular radius R.

Suppose it has been dedded that to achieve particular (sufficiently small)
error rate, the recaved power (at any locaion within the cdl) must be
PR>y.

Aim is to determine the probability of Pr(d)> y for O<=d<=R ... thisis
denoted by U(y) in Rappaport. U(y).100 % is the percentage of coverage
areafor the seleded error rate.

U(y) depends on the environment (n, o) and the spedfied error rate (or
equivalently the P threshold y).

Fig 4.18 Rappaport ... use to determine U(y) for given n, o and spedfied
error rate d@ the cdl boundary d=R (i.e. probability of Pr(R)>Y).

Genera approacd to cdculating percentage of coverage aeaU(y).100 %

1.
2.
3.

4.
5.
6.

Determine Py (dB) for given recaver.

Choose required bit error rate.

For the given modulation scheme enployed by the transmitter, cdculate
the required SNR (dB).

Calculate required y=SNR(dB) + Py (dB)

For given n, g, y, R cdculate Prob[Pr(R)> y]=Q([y—Prave(R)]/0) .

Use Fig 4.18to determine U(y).

SeeExample 4.9 Rappaport



