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Multiple Antennas for Wireless Communications
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e Use multiple antennas at both transmitter and receiver increases capacity
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BLAST Transceiver Architecture

G. Foschini, Bell Labs Tech. J., 1996
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e BLAST — Bell Labs Layered Space Time
e Different data sub-streams are transmitted from different antennas

e Signal processing at receiver attempts to separate the received signals
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V-BLAST Receiver Processing

e Signal model {/ transmit, N receive antennagy > M):
y(k) = Hs(k) +n(k)

where
y IS N x 1 vector of received signals
s=[s1,...,sy]! is M x 1 vector of transmitted signals
H is N x M channel matrix
nis N x 1 additive noise vector

e Linear receivers:
z(k) = W' y(k)

— Decorrelating (ZF) receiver: W = H*[H  H*] !
— MMSE receiver: W = [H*H? + M /pl|"'H*

e Non-linear receivers: e.g., successive interference cancellation




Application of BSS to Receiver Design

e Received signals (in absence of noise):
y = Hs

e Separated outputs:
z=W!'y=W/Hs=Gs

e Assumptions:

1. Eachs;(k),7 =1,..., M is non-Gaussian iid with zero-mean
2. {si(k)} and{s;(k)} are statistically independent for# j and share same statistical
properties

3. H has full column rank
¢ Blind recovery is achieved if (after suitable reordering):
zi(k) = e%isi(k), i=1,...,M, ¢ €]0,2n)
e Structure ofG for blind recovery:

G, = [Q...o eJ®i 0...O]T




Kurtosis Maximization

C. Papadias, IEEE Trans. SP, 2000

e Cost function: y
Tk = D 1K (z)]
1=1
subject toF (zz'") = 0’1
whereK (z) = E(|z|') — 2E?(|z|*) — |E(z?)]* is (unnormalized) kurtosis

e Recall:
z=Wly =W/'Hs

e For unitary channel matrix:

E(zz") = 0’1 is satisfied byW" W =1
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e Algorithm:

1. Stochastic gradient update:

W' (k+1) = W(k) + 1 VwIuuk (k)

2. Orthogonalization :
wy(k+1)

/

lwi (k1)

W1<:Z€ + 1) =

1—1

W;(k +1) = S (wil(k + 1>W;(k + 1))wy(k + 1)

—_

| e~

~
—_

|wi(k +1) - gwﬁ (k + D)W, (k + 1)) wy(k + 1)]

e Globally convergent
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MIMO Constant Modulus Algorithm

L. Castedo, et al., IEEE Trans. SP, 1997

e Cost function:

M M
Jowa = EDY (|2 = R, +a Y |E(z2))
i=1 i,j=1
i
Bls(k)[*

whereR, = zriam

e Algorithm:
WZ(]C + 1) = Wz(k) — VwiJCMA(k>
2i(k) = wi (k) y(k)

]

e Globally convergent
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MUK Simulation Results

Scatter plot
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e M =2 N =2 SNR=20dByu = 0.01
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MUK Experimental Results

D. Samardzija et. al, GLOBECOM, 2001

1st sub-user 2nd sub-user 3rd sub-user 4th sub-user

imag

IZ1—51|2 ,22_52|2
100 200 O 100 200 O 100 200
iterations iterations iterations iterations

(Results courtesy of Lucent Technologies)

o After the 4th re-runM =4, N = 6,SNR~ 12dB, u = 0.07
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Multiple Antennas

e Handsets l Keep shrinking in size, multiple antennas (even 2) seem to be problemati

Their size remains fixed (or even increases), 2 antennas may
be reasonable

Multiple antennas combined with BLAST-type pro-
cessing may offer high data rates

e Laptops:
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Space-Time Block Coding

S. Alamouti, IEEE JSAC, 1998

ST Block Code 4 - :

e Input symbols grouped in twos, and transmitted from two antennas over two consecuti
symbol periods

e Assuming channel is constant over consecutive symbol periods:

_ s1(k) —s5(k)
y(2k) y(2k +1)] = [h1 ho [32(k) S ) ] + [n(2k) n(2k+1)]

h

i) = [ 2] o] * eean)

y(k) = Hs(k) + n(k)
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STBC Recelver

e Linear receiver:
z(k) = W'y (k)

e Channel matrix is orthogonal”H = ~1, wherey = |h|? + |hs|?

o LetW = H":
z(k) = W'y (k) = H"Hs(k) + H'n(k) = vs(k) + n(k)

z(2k) = vs1(k) + [hin(2k) + hon*(2k + 1)]
22k + 1) = ~vsa(k) + [hon(2k) — han™(2k + 1)]

e Decoding rule:

51(k) = argmin|z(2k) — ys|?

seS

So(k) = arg mi§1|z*(2k +1) — s
s€
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Application of BSS to STBC Receliver Design

e Receiver:
z=Wly=WI'Hs=GI!s

e Kurtosis maximization criterion:

M
| - Hes
max Zzzl |K(z)| subjecttoGAG =1

e Because of structure of STBC:
GIG = WIHH'W = yWHW
e Constraint becomes:

1
VVHVV — 1
/y




o Let

Ho i ] - el
e \We have
g = Jgi
g = J' g
where

e Impose this structure on the receiver
W = [Wl WQ] , Wy = Jw]

e So that
WIW = al, a=|lwi’

e Normalizew; such thatx = 1/~
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Kurtosis Maximization

e Algorithm:
z(k) = wi(k)y(k)
2(k) = wy (k)y(k)
(k + 1) = Wl(k) + [ VW1J|\/|UK(]{7)
1 wik+1)
WD) = A Wk ]
wolk+1) = Jwi(k+1)

e No pre-whitening requiredy is easily estimated as
y" (k)y(k)

Yk +1) = (1= B8)y(k)+ 5

2
o

whereg € [0, 1] is a forgetting factor
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MUK Simulation Example - Fixed Channel
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CMA Simulation Example - Fixed Channel

Scatter plot
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e SNR=20dBu = 0.02
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CMA Simulation Example - Slow-Fading Channel
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Conclusions

e STC useful for increasing capacity in wireless communications systems
e BLAST architecture - MUK requires unitary channels

e STBC - coding structure ensures channel matrix is orthogonal

e Challenges:

— increased convergence speed
— time-varying channels
— more TX than RX antennas




