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Complex Baseband Representations:

Many systems transmit (real) passband signals:

f
fc−fc

BT

but modem processing is done at baseband. Hence, need a

complex baseband signal representation [Ch. 2].

f
0

BT
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Baseband signal (“complex envelope”):

xz(t) = xI(t) + jxQ(t)




xI(t) ∈ R “in phase”

xQ(t) ∈ R “quadrature”

Conversion to passband signal xc(t):

xc(t) =
√

2R
[
xz(t)e

j2πfct
]

=
√

2
[
xI(t) cos(2πfct) − xQ(t) sin(2πfct)

]

xI(t)

xQ(t)

xc(t)

×

×
+
−

√
2 cos(2πfct)

√
2 sin(2πfct)

“quadrature modulator”

“I/Q upconverter”
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Conversion from passband to baseband:

xc(t)
√

2 cos(2πfct) = xI(t) + xI(t) cos(4πfct)

− xQ(t) sin(4πfct)

−xc(t)
√

2 sin(2πfct) = xQ(t) − xQ(t) cos(4πfct)

− xI(t) sin(4πfct)

LPF to remove double-frequency terms:

xI(t)

xQ(t)

xc(t)

×

× LPF

LPF
√

2 cos(2πfct)

−√
2 sin(2πfct)

“quadrature demodulator”

“I/Q downconverter”
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Signal spectra:

Xz(f) := F{x(t)} Fourier transform

GXz
(f) := |Xz(f)|2 “Energy spectrum”

Note that

GXc
(f) =

1

2
GXz

(f − fc) +
1

2
GXz

(−f − fc)
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Filtering of bandpass Xc(f):

Yc(f) = H(f)Xc(f),

⇒ Yc(f) = Hc(f)Xc(f)

via bandpass equivalent Hc(f).

f

f

fc

fc

fc

fc

H(f)

Hc(f)

BT

Translate filter to baseband:

hc(t) = 2R
[
hz(t)e

j2πfct
]

hz(t) = hI(t) + jhQ(t)
f

Hz(f)

BT
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Baseband equivalent filtering:

If




Xc(f) ↔ Xz(f)

Yc(f) ↔ Yz(f)

Hc(f) ↔ Hz(f)




,

then

Yc(f) = Hc(f)Xc(f) ↔ Yz(f) = Hz(f)Xz(f).

Can show:

hI(t)

hI(t)

hQ(t)

hQ(t)

+

+

−xI(t)

xQ(t)

yI(t)

yQ(t)
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Passband additive white Gaussian noise model [Ch. 3]:

W (t)

xc(t) +bandpass
channel

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

RW (τ) = E
{
W (t)W (t − τ)

}
autocorrelation

SW (f) = F{
RW (τ)

}
power spectrum

We also assume a constant PSD (i.e., “white noise”):

SW (f) =
N0

2
Thus

RW (τ) =
No

2
δ(τ), σ2

W = RW (0) = ∞
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Received noise model [Ch. 4]:

W (t)

xc(t) HR(f)
rI(t) + NI(t)

rQ(t) + NQ(t)

rc(t) + Nc(t)
+

I/Q
down-

converter

bandpass
channel

Here HR(f) is the receive filter:
f

fc−fc

HR(f)
BTBR

The passband noise spectrum is
f

fc−fc

SNc
(f)

BR

SNc
(f) =

No

2
|HR(f)|2
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Baseband equivalent noise model:

• Say




Nc(t) =
√

2R

[
Nz(t)ej2πfct

]

Nz(t) = NI(t) + jNQ(t)
f

SNz
(f)

BR

• Fitz shows that NI(t) and NQ(t) are zero-mean, jointly

stationary and jointly Gaussian with

RNI
(τ) = RNQ

(τ) and RNINQ
(τ) = −RNINQ

(−τ)

• Thus

RNINQ
(0) = 0 ⇒ NI(to) ⊥⊥ NQ(to) for any to

and

SNz
(f) = 2SNI

(f)︸ ︷︷ ︸
even

−j2SNINQ
(f)︸ ︷︷ ︸

odd
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Complex white noise model [Ch. 5]:

• With flat, unity-gain receive filter and BR > BT , can

approximate Nz(t) by complex white Gaussian noise

Wz(t) with statistics given by

SWz
(f) = No ⇔ RWz

(τ) = Noδ(τ)

f f

SNz
(f) SWz

(f)

⇔
BT BT

BR

• Note that:

SNc
(f) =

1

2
SNz

(f − fc) +
1

2
SNz

(−f − fc)
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