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Diversity Methods

e Diversity combats fading by providing the receiver with multiple uncorre-
lated replicas of the same information bearing signal.

e There are several types of receiver diversity methods:

— spatial, angle, polarization, frequency, time, and multipath diversity
e There are different methods to combine the diversity branches.

— maximal ratio, equal gain, switched, and selective combining.

e If the signal 5,,(¢) is transmitted, the received complex envelopes on the
different diversity branches are

fk:(t) - gkgm(t) -+ ﬁk‘(t)a k= L ..., L

— L is the number of diversity branches.
— gr = ape /% is the fading gain associated with the £ branch.

— The AWGN processes 7;(t) are independent from branch to branch.
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Maximal Ratio Combining (MRC)

e The vector
r = vec(ty, Ty, -+, Tp)

has the multivariate complex (Gaussian distribution

7l ) == 5w o o 3 - gl
rlg.S,) == —————exp{— T, — GiSm
piie, (2rN,)EN “P\ o, 1T
where g = (g1, g2, ..., g1) is the channel vector.

e The ML receiver chooses the message vector s,, that minimizes the metric
~ L ~ 112
i) = X [ = sl
L
- k:z—:l {Hf/ﬁHQ — 2Re (ngk:a ém) + ’ngHémHQ} '

e This is equivalent to maximizing the metric

L L
N2(§m) = kz—:l Re (ngka gm) — B, kz—:l |9k‘2
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Metric computer for maximal ratio combining.



MRC Performance

e From (1), the MRC receiver generates the sum

and chooses m to maximize
L
:u(ém) = Re (fa gm) — B, kz—:l ‘gk’2

e To evaluate the performance gain with MRC, we note that

L
r = kZl gy, (9kSm + 1)
—L 2\ ~ L * ~
= (Z O%) Sm + 2 giNk
=1 =1

038, + My (1)

e The first term in (1) is the signal component with average energy 1E[a}|[Sn.]|?] =
o3 Ea.w, where E,, is the average symbol energy in the signal constellation.



MRC Performance

® The second term is the noise component with variance

1 B L
7t = 5Bl = N, ¥ af = Noa

M

e The ratio of the two gives the symbol energy-to-noise ratio

mr %E[O{ﬁ/[HQmHQ] o CVl%/[Evaw B L O‘%Eav B L

where v, = aiE,,/N,.

e If the branches are balanced (which is a reasonable assumption with antenna
diversity) and uncorrelated, then ;" has a chi-square distribution with 2L
degrees of freedom

1 L—-1_—x/7:
pyg)nr(g;) = (L— 1)!(%)Lx e~/ e

where
Te=Eml k=1, .., L

e The cdf of 4" is

L-11 [x\F
F mr — 1 - —$/% o ()
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Cdf of v for maximal ratio combining;
~. 1s the average branch symbol energy-to-noise ratio.
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Performance of BPSK with MRC

e The bit error probability with BPSK and MRC is

where

Py = |7 Py(a)pyp(x)da
1
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Bit error probability for BPSK with mazimal ratio combining against the average branch
bit energy-to-noise ratio.
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Selective Combining (SC)

e With ideal SC, the branch with the largest symbol energy-to-noise ratio is
always selected so that the instantaneous symbol energy-to-noise ratio at
the output of the selective combiner is

’Y: — max{”yl, Y2, fYL} ;
where L is the number of branches.

e If the branches are independently faded, then order statistics gives the
cumulative distribution function (cdf)

1L
Fyg(a}) :Prhl <z, <x, 7 < :E] — {1_6—:1:/%

e Differentiating the above expression gives the pdf of the instantaneous out-
put symbol energy-to-noise ratio as

prs(a) = i {1 — e_x/WC]L_l e~

e The above pdf can be used to evaluate the performance of various digital
modulation schemes.
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Cdf of y; for selective combining;
~. 1s the average branch symbol energy-to-noise ratio.
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Transmit Diversity

e Transmitter diversity uses multiple transmit antennas to provide the re-
ceiver with multiple uncorrelated replicas of the same signal.

e The complexity of having multiple antenna is placed on the transmitter
which may be shared among many receivers.

e Transmit diversity schemes require three functions:

— the encoding and transmission of the information sequence at the trans-
mitter

— the combining scheme at the receiver

— the decision rule for making decisions

e We consider a simple repetition transmit diversity scheme with maximum
likelihood combining at the receiver.
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® The received complex vectors are

rq)y = Gi1S(1) + g28(2) + N
L9y = —G18(y + 9251 + )

r) and r(y) represent the received vectors at time ¢ and ¢ + T, respectively,
and n(;) and n(y are the corresponding noise vectors.

e The combiner constructs the following two signal vectors
V() = 9iT(1) + 9oL (o)
Vi) = 92T(1) — iy

Afterwards, the receiver applies the vectors v(;) and v(y in a sequential
fashion to the metric computer, to make decisions by maximizing the metric

nBuym) = Re(vay,8aym) = Enllgi + [92*)
w32)1m) = Re (Vi) 8@m) — Enllgi” +192f)

17



e We have
vy = (of +03)80) + ging) + g0y

Vi) =
e Compare with the output of the MRC metric computer.

e With 1 x 2 diversity and MRC
I = gif1+ gl
= (af +a3)8,, + giny + gao

The only difference is

The combined signals in each case are the same.
the phase rotations of the noise vectors which will not change the error

probability.
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