
Wireless Communications

Lecture 7

[Diversity]

• Goal : Improve signal quality by providing alternatives for mitigating fading.

• Different types:

– Space
{

RX
TX

– Time

– Frequency

– Polarization

• This RX space diversity : putting multiple antennas at uncorrelated distance in the
receiver

– Microscopic diversity: mitigate small-scale fading.

– Macroscopic diversity: mitigate large-scale fading.
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[Microscopic diversity]

Instantaneous γi = SNRi = |ch|2PT

NR
,

r(t) : |ch(t)|
u(t) : TX baseband linear combiner
NR : receiver noise power
PT : TX power PT = E[u2(t)]
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Received signal at the output of the combiner is

M∑
i=1

αirie
jθiu(t)︸ ︷︷ ︸

signal

+
M∑
i=1

αini, ni : RX noise at the ith branch

Then the received SNR is

γΣ = Total instantaneous SNR =
PT |

∑M
i=1 αie

jθiri|2

NR
∑M

i=1 |αi|2

1) Selection Combining:

γΣ: maximum SNRi is chosen.

The cumulative distribution function (cdf) of γΣ is

Pγ
Σ

(γT ) = prob{γΣ ≤ γT } = prob{γ1, γ2, · · · , γM ≤ γT }

If uncorrelated on different braches

Pγ
Σ

(γT ) =
M∏
i=1

prob{γi ≤ γT }, γi ∼ exponential pdf: pγi(γi) = λie
−λiγi λi =

1
SNRi

=
M∏
i=1

(1− e−λiγT )

If all the same λ, Pγ
Σ

(γT ) = (1− e−λγT )M .

The probability density function (pdf) of γΣ is

pγ
Σ

(γT ) =
M∏
i=1

(1− e−λiγT )
M∑
i=1

λie
−λiγT

1− e−λiγT

If λi = λj , ∀i, j

pγ
Σ

(γT ) = M(1− e−λγT )M−1λe−λγT with

γ̄Σ = Mλ

∫ ∞
0

γT (1− e−λγT )M−1e−λγT dγ

=
1
λ

M∑
i=1

1
i
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Note: As M↑, impact of diversity ↓.

2) Equal Gain Combining:

Co-phase the signals: αi = e−jθi ⇒

γΣ =
PT |

∑
ri|2

NR
∑

M

=
PT
MNR

(∑
ri

)2

The outage probability is

Pγ
Σ

(γT ) = prob

{
PT
MNR

(∑
ri

)2
≤ γT

}
No close form expression exists. For i.i.d branches

γ̄Σ =
∑
γi

M

So, the average does not change but the probability of outage ↓.

3) Maximal Ratio Combining:

Find optimum αi

γΣ =
PT
NR

|
∑
αie

jθiri|2∑
|αi|2

αi = βie
−jθi ⇒ cophased.

γΣ =
PT
NR

(
∑
βiri)2∑
β2
i

⇒ ∂γΣ

∂βj
= 0

⇒
(∑

βiri

)
(2rj)

∑
β2
i = 2βj

(∑
βiri

)2

⇒ rj
∑

β2
i = βj

∑
βiri

⇒ βj = rj

Weight is proportional to link quality.

γΣ =
PT
NR

(∑
r2
i

)2∑
r2
i

=
PT
NR

∑
r2
i

=
∑

γi, sum of SNR of all the paths
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If i.i.d, γΣ is χ2(chi distribution) with expected value γ̄Σ = Mγ̄ and variance 2Mγ̄.
The probability density function (pdf) is

pγ
Σ

(γ) =
γM−1e−γ/γ̄

γ̄M (M − 1)!
, γ ≥ 0

The outage probability for a given threshold γT is

Pout = prob{γΣ < γT } =
1

γ̄M (M − 1)!

∫ γ
T

0
γM−1e−γ/γ̄dγ

= . . . integrating by part

= 1− e−γT /γ̄
M∑
k=1

(γT /γ̄)k−1

(k − 1)!


