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Complex Baseband Representations:

Many systems transmit (real) passband signals:
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but modem processing is done at baseband. Hence, need a
complex baseband signal representation [Ch. 2].
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Baseband signal (“complex envelope”):
zi(t) € R “in phase”

7.(t) = m(t) + jrq(t)
rq(t) € R “quadrature”

Conversion to passband signal z.(t):
z.(t) = \/ﬁR[xZ(t)ejzﬁfct]
NG [x. (1) cos(2n fut) — 2q(t) sin(27 f.t)

x(t) X

V2 cos(2n ft) “quadrature modulator”
sl
V2sin(2m f.t) — “l/Q upconverter”

.73Q(t) X
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Conversion from passband to baseband:

To(t)V2cos(2mft) = ai(t) + x(t) cos(4n fot)
— xq(t) sin(4x f.t)
—2,(D)V2sin(2nft) = zq(t) — zq(t) cos(4n fut)
— xy(t) sin(4n f.t)

LPF to remove double-frequency terms:

X LPF (1)
V2cos(2r f.t) “quadrature demodulator”
re(t)
—/2sin(2n f,.t) “l/Q downconverter”
X LPF zq(t)
3
Phil Schniter OSU ECE-809
Signal spectra:
X.(f) = F{z(t)} Fourier transform
Gx.(f) = |X.(H))? “Energy spectrum”

Note that

Gx.f) = 5G]~ )+ 5Cx(~f £
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Filtering of bandpass X.(f):

Yo(f) = H(f)Xc(f),

via bandpass equivalent H.(f).

Translate filter to baseband:

2R [h.(t)e?> ]
hi(t) + jhq(t)
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Baseband equivalent filtering:

Xe(f) < Xu(f)
It Ye(f) < Yi(f)
He(f) < H.(f)
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H(f) Br
o N f
fe H(f) Je
Sy
[ Je
HZ(f)
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then
Yo(f) = Ho([)Xe(f) < Yo(f) = H(f)X:()
Can show:
ai(t) h(t) D= u(t)
—= ha(t)
= ha(t)
zq(t) h(t) (= yq(t)
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Passband additive white Gaussian noise model [Ch. 3]:
bandpass
(L’C(t) channel %
W(t)

We assume W (t) is zero-mean stationary Gaussian with

Rw(r) = E{W(@)W(t—7)} autocorrelation
Sw(f) = F{Rw(r)} power spectrum

We also assume a constant PSD (i.e., “white noise”):
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Received noise model [Ch. 4]:

re(t) + Ne(t) d'/Q —= ni(t) + Mi(t)
own-
converter—= 7a(t) + Nq(?)

bandpass

Te(t) —=
®) channel

Hg(f)

0

~—

By HR(f)BT
Here Hg(f) is the receive filter: f
—f. f.
B Sw.(f)
The passband noise spectrum is | WL ‘ f
_‘fc fc'
N,
Sn.(f) = S [Hr(N)I
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Baseband equivalent noise model:
N.(t) = ﬂR[Nz(t)eﬂﬂfct} o
N.(t) = Ni(t)+ jNa(t) .

e Fitz shows that N|(t) and Nq(t) are zero-mean, jointly
stationary and jointly Gaussian with

e Say

RNI(T) = RNQ(T) and RNINQ(T) = —RNINQ(—T)

RN|NQ<O) =0 = N|(t0) A NQ(tO) for any to

and
Sn.(f) = 25N (f) =32 Smng(f)
even odd
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Complex white noise model [Ch. 5]:

e With flat, unity-gain receive filter and B > Bp, can
approximate IV, (t) by complex white Gaussian noise
W,(t) with statistics given by

Sn.(f) Sw.(f)

Br Br

e Note that:

Swlf) = 5Sw(f — f:) + 5 (~f —
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