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BLAST-Algorithmus AT
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® MIMO fur den Fall, dass der Kanal dem Sender nicht bekannt ist
— Sender-Beamforming V und Waterfilling sind nicht moglich

Daten Modulation | l y 1 §
*) ’ l )
strom "I FEC Codierung | - : :
: layers : MIMO :
Datén Modulation, ; ] l y Equaﬁzer §
: - JN B V)
strom FEC Codierung 1

® Bell Labs Layered Space Time (BLAST) — Verfahren

B “Space” heildt, die Kanalkodierung geschieht Uber mehrere raumlich getrennte
(am besten gut dekorrelierte) Sendeantennen

® “Time” heildt, die Kanalkodierung geschieht auRerdem zusatzlich Uber mehrere
zeitlich aufeinanderfolgende Symbole (Bits)

® Entzerrung der Uberlagerten Datenstrome im Empfanger ist notwendig
— Fur die Entzerrung muss der Kanal H am Empfanger geschatzt werden

® Entzerreralgorithmen fur den Empfanger:

® Lineare Entzerrer: Zero-Forcing (ZF)
Minimum Mean Square Error (MMSE)

® Nichtlineare Entzerrer: Successive Interference Cancellation (SIC)
Maximum — Likelihood Detektion (ML)
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MIMO with CSI AT
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MIMO with CS| AT
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Singular-Value Decomposition (SVD) of H .\\J(IT
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® Further insight into the behaviour of a MIMO system:
singular-value decomposition (SVD) of the channel matrix H

® Singular-value decomposition is similar to eigenvalue decomposition
of a matrix but exists also for rectangular matrices

® In the following, we derive the SVD starting with the basic channel

model N0 0 e e 0
* * 0 \//\_2 0 :
H=U-S'V -8S=U -H-V o0 .
S=| : . . /-
He[nxm] L
o
The goal is to transmit over A=A > > Ap
the diagonal matrix S P = rank(H)

Singularvalues of H = /A,

(similar to the wired MIMO system . o
v/ Ap = Voltage Transmission Coefficient

without mutual coupling)
Eigenvalues of HH™ or H*H respectively = A,

A, = Power Transmission Coefficient
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Decomposition (SVD) of H .\\J(IT

Singular-Value Decomposition (SVD) of H == Y
® Channel Matrix H is decomposed into three matrices
X y
—F > H —A~—>
[mx1] [nx1]
[ v s u |
? X | |[mxm] [nxm] [nxn] |+ Y ?
— —— —— > e
n [mx1]: 0O [mx1] [nx1] D | [nx1] u
|\ )
| Y .
| H :
: [nxm] |
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Singular-Value Decomposition (SVD) of H \‘(IT
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V = transmit subchannel beamforming matrix

Each subchannel gets its own Tx-beamforming
Compensates the Tx-part of decomposed H

Channel State Information (CSl) at Transmitter is required
Vis an unitary matrix

V=V'sV.V=1_

| = Idenity— Matrix

| Transmitter (Tx) | | | Channel (H) i

. {[mxm]| .

| LA :

i ( | : \ |

L v | 1% S u |

| X [mxm]| + X | |[mxm] [nxm] [nxn] |+ Y ?
——— ——r— ——> —~—> ——r

: [mx1] | :[mx1]: n [mx1] B [nx1] D : [nx1] u
; AT ) |

| : ! Y .

: - - :

N A S cc.. N :
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Singular-Value Decomposition (SVD) of H .\\J(IT
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U* = receive subchannel beamforming matrix

Each subchannel gets its own Rx-beamforming
Compensates the Rx-part of decomposed H

Channel State Information (CSl) at Receiver is required
U is an unitary matrix

U=U"sU U=I

| = Idenity— Matrix

Transmitter (Tx)

(

[mxm]

- X

o I 1 o o IR e« NN e N o e ’ ¥ ”
: [mx1] | : [mx1] : 0O [mx1] B [nx1] D [nx1] E [nx1] [nx1]
i | : T

| l : [nx1]
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System Equation and Signal Transformation .\\J(IT
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® The diagonal matrix S is the resulting transmission matrix
® rank(H) = number of independent (decorrelated) SISO-links that

can be established

System:
H=U-SV
y=H -x=USV" -x
y=UUSV'V-x
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Signal-Transformation:
X=V -x=Tx—Sgnal
y=U"-y=Rx-Sgnal

F=U"-r= Noise

- S - - -~
X [nxm]| Y y+r
,/ ) ,/ )m ,/ )
[mxA1] B [nx1] * [nx1]
'F
(nx1]
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Beamforming Matrices in SVD \‘(IT
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® The Matrices U and V are unitary (square) matrices

Tx-Subchannel- Rx-Subchannel-

Beamforming-Matrix: Beamforming-Matrix:
Gl ‘R

(%) — '121 Vgg = ’UM ) | Y2 Ma2 N
(x) (%) (*) ) () ()
\’“m Unm2 o 00 U \“N1 Ung o u‘NN)

® Practical matrix dimensions for symmetrical (M=N) and
unsymmetrical (M#N) MIMO-systems?
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Matrices and Signalling for M=N=3 ﬂ(“.
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Transmitter Channel Receiver
Tx H Rx
A A A

— —

Signal-
dimension

[
—>
—_
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X
Vi U11
N Q)

A > I> ‘®V21 ® U+126"9 yi
Sub- V3 Channel uyz T Sub-
channel 1 —>® | H —>®+— channel 1
V12 TN X1 s U21
. QD < 1 Q) ~
= D ®V22 LAl X, Uz A Y2
—_— = > ‘{2)—»69—»
L N\ g
Sub- V32 1 /!-'\ X3 s Uy T Sub-
channel 2 —’® >\“J < ’—’®+— channel 2
Vi3 U31
.M Q) s
i’ D ‘®V23 ~®£3£€V9i>
Sub- Va3 u+33 A Sub-
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Practical Matrix Dimensions for M=3 # N=2 .\\J(IT
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Transmitter Channel

Receiver
Tx H Rx
A A A
/ Vo Y )
- —_— —_— —_—
55 —_— —_— e
n E
©
X v V* S U u* y
V11 ‘®U+11
- [oF —’(8)— > N
X1 ®V21 ®U*1ZE"3 Y1
Sub l> Sub
ub- Vaq Channel up-
channel 1 —>® ’ H . channel 1
A\ 4 ¢ +
Vi2 TN X1 s L\ W1 x U21
~ P2 _’® > & » N
", AN, . YO -
- > XD S >_‘_’®_’69_’S .
up- V32 X3 ' , up-
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Practical Matrix Dimensions for M=2 # N=3 A\‘(IT
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Transmitter Channel Receiver
Tx H Rx
A A A
( Y Y \
. — — —
o O —> —_—
n £
=
X v v S U u* y

Vi1 U11
X1 Va1 ®U+12é§ Y1
Sub D '® 4 Sub
- Channel uis T Sub-
channel 1 ' H . _>®_ channel 1
Y ‘ +
Viz N X7 L K U2
. R0 < ) X ~

X2 Vo ) 4 X 7 - U+ v y2
i ALY 2/ \ Y2 ; 22
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Normalization in SVD .\l‘(“.
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® Frobenius norm
® The squared Frobenius norm of H is given by

min(N,M)

N M
H=2 2Hmf = > 2,
n=1 m=l k=1

and represents the total energy of the channel

® Often used to normalize and compare MIMO measurements.
Only usable for MIMO systems.

® Fluctuations of the total channel energy are removed from the
measurement data. 1

/

.

Inanoglu, Hakan, "Multiple-Input Multiple-Output System Capacity: Antenna and Propagation Aspects®, Antennas and Propagation
Magazine, IEEE , vol.55, no.1, pp.253,273, Feb. 2013, doi: 10.1109/MAP.2013.6474541
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Application of SVD
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The SVD of the channel matrix H has transformed the
MIMO wireless link into P virtual subchannels

The virtual subchannels are all decoupled from each other.

They constitute a parallel set of P single-input single-output (SISO)
systems

Each subchannel is described by a scalar input-output relation A.

These subchannels are orthogonal.

A prerequisite to create these sub-channels by beamforming at
Tx and Rx is that both have knowledge about the channel

I
Transmitter (Tx) | I

([mxm]
A

[nxm]

L L
7z ¥ 7 ¥

[mx1] [nx1]

CSl at Tx CSl at Rx
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Sub-Channels ﬂ(“.
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Power Control = Waterfilling .\\J(IT
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good sub-channels (- high power
bad sub-channels (- oW power

Olq
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Distribution of Transmit Power ﬂ(“.
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Spatia! Spatial
Uniform Beamforming Mw:'t?"iﬁ'tng Multiplexing
Waterfilling with Waterfilling

— 1. Sub-channel —— 2. Sub-channel 3. Sub-channel —— Uniform
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Waterfilling AT
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A
D ................................................... . . .
p Power distribution
3 :
1 depends on:
A3 P A = eigenvalues{HH"}
L P
A1
1] Threshold D:
A > ZPm = PTotaI
1 2 3 subchannels
Principle:
good subchannels - =———high power
bad subchannels ——| QW POWET
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Waterfilling AT
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waterfilling

sub-channel attenuation

1 2 4 5 6
sub-channel
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2 x 3 MIMO Block Diagram -\k‘(“.
TX Rx
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Options for MIMO Systems
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sub-channel beam-forming

C =log, [det('m + H.H.)]
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