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dp = 1000; % reference distance {m)

Prd0 = 10A{=f): % received power at d4f (Watt)

£ = 1800%104&; % carrier frequency {(Hz)

ht = 40; % transmitter antemna height (m)
hr = 3; % receiver antenna height (m)

Gt = 1; % rransmitter antenna gain (0 4B}
Gr = 1; % receiver antenna gain {0 dB)
lambda = 3*10a8/f; % wavelength of carrier (m)

Pt = Prd0*{4+pi)A2ed0az/ (Gr*Grrlambdasl}; % transmitte power
d = 1000:100:20000; % distance of interest

PCAppr = PL*GL*Grrhra2*hrA2./d.Asd; % approximate expression of received power
PrAppr_dRm = 10*logll{Prappr+l000); % power in dEm
sita_delta = 4*pi*ht*hr./(larbda*d): % phase difference between two rays
PrExa = {Pt*@t*Greiambdasl./((4*pi)a2wd a2)}*d *{sini{sita_deltas/2)}.A2;
exact expression of received power

PrExa_dbm = 10+*logll(PrExa*l1000}; % power in dBm
PrExaz = (PL*Grrar*lambdasl./{(4*pil)a2+d, a2))+4.*{cos(sita. delta/2)) . »2;

% for gama = 1
PrExa2_dPm = 1d*loglO{PrExalZ+=100Q]; % power in dBm

figure (1}

ploc{d/1000, PrExa_dBm, '~/ ,d/1600, Prappr._dsn, ‘-~ ,4/1000, PrExa2_dEm,’'-.'};
grid;

title( exact and aprroximate receive power’);

xlabel (*d{km)‘};

ylabel {(*Pr(d) {dBm)*);

legend {‘Exact’, ‘Approximate’,'gamma = 1']:

axis({[L 20 —-80 ~10]}:
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4.29
{a) Find the minimum mean sqJare ermar (MMSE) estimare for the path loss exponent, n.
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{c) Bstimate the received powerat d = 2 kmm using the resulting model.
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(d) Predict the likelihood that the received signal level at 2 km will be greater than -35 dBm.
Express your answer as 2 Q-function,
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