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Agenda

B Aim of today

Derive BER & throughput performances

of basic linear & non-linear MIMO receivers

B Contents

MIMO receiver architecture

Frame synchronization & channel estimation
Linear MIMO detection algorithm

Non-linear MIMO detection algorithm
Measurement experiment
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Warming Up
B Question 1

Describe generalized matrix inverse
of non-square matrix H by using SVD.

H =
B Question 2

Prove that the following equation holds.

H' =(H"H) H"
B Singular Value Decomposition

Non-square matrixx: HeC™™ n>m

svD: H=UXV" UeC™ XeC™ VeC™
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MIMO Recelver Architecture

MIMO detection

Frame synchronization Ex. MMSE, VBLAST, QRM-MLD
. adaptive
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Decision feedback
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Frame Synchronization

Data

L, -1
P(t) — Z yt+i yt+i+Lp
i=0

peak

detector

detect
>

Preamble
Preamble with repetition sequence
Training
Lp
Correlation based frame detector with receive diversity
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V. correlator [ | P
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yclic Delay Preamble

J
Cyclic delay preamble

TX #1 B
TX #2 B
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Without cyclic delay — ——— With cyclic delay —

Null lzeamforming effect Transmit delay diversity
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Experiment on MIMO Synchronization

» Performance improvement owing to transmit & receive diversity

Performance of frame synch.

: Measured area
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Channel Estimatio

At each receive antenna Training signals Y7
S — b
T 1 ,
y=hs+n W \ \/y
T 2
=s h+n s, .
S, | /
Training signal v
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Sp=[sl,sz,---,th]eC p L,

Channel estimation error
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Optimal Training Sequence

Training |gnals Y

\4

Channel estimation error (

ot =TSy,

n
t Sp { :/,
Optimal training sequence Y 7h,

TFKSpHSp)_lJ is minimal UL Sm, : —
M.o
when S'S =—FI, — oo =—" Ly
M, L,P
Receive signal with channel estimation error

2 __2
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Classification of MIMO Detector

Schemes Performance | Complexity
. ZF
Linear Low Low
MMSE
. VBLAST . .
Hybrid Medium Medium
QRM-MLD

Non-linear MLD High High
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Linear MIMO detection
1st stream YM_ v, ]
s=Wy = :

M,-th stream/<

N NV
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Interference Cancellation Detection
(Zero Forcing)

Received signal 0dB 0dB -25dB 0dB
y — HS + n 30 . l T t. T l. . ; .t
ZF weight Noise enhancement
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Minimum Mean Square Error Detection

Cost function

J(W):Ehs—Wy‘zJ *

20
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Performance of Lin

- - -- "4 v--v---v

- No diversity gain if M, = M,

* No performance gain of MIMO (moreover noise enhancement)

MIMO 4x4, QPSK mgnalmg

enhancement
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Performance of Linear Schemes

» High performance due to multiplexing gain at high SNR region

MIMO 4x4, QPSK signaling
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. Diversity order increases stage by stage
« M, times weight calculation

N V7

‘-?_ N
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Performance of Hybrid Scheme

e Diversity gain owing to successive interference cancellation

MIMO 4x4, QPSK sngnalmg

Bit error rate
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Performance of thrld Scheme

T wwra -_— -’ B =

 Diversity gain improves the throughput performance at lower SNR region

MIMO 4x4, QPSK signaling
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Maximum Likelihood Detection

Maximum likelihood detection
. ~12
= arg mgln‘y—Hs\ 2 Tx with QPSK signaling

Pair wise error probability N

3 ) Minimum distance
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M., combinations on M receiver branches
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 Full receive diversity due to MLD at all receive branches

Bit error rate

May 31, 2011
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MIMO 4x4, QPSK signaling
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Performance of Non-Linear Scheme

« Maximal available throughput among all MIMO detection schemes

* Its computational complexity is almost prohibited

MIMO 4x4, QPSK signaling
10 T T

SISO
gl | —6— VBLAST MMSE
——MLD / MAP

Full receive diversity }

Throughput [bits/s/Hz]
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QRM-MLD

* QRM-MLD approaches the performance of MLD asymptotically
* QRM-MLD decreases the computational complexity drastically
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Performance of Hybrid Scheme

* QRM-MLD achieves full receive diversity as with MLD

» There is SNR penalty due to error propagation

MIMO 4x4, QPSK signaling
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Performance of Hybrid Scheme

* In IID, performance of VBLAST & QRM-MLD are almost the same

MIMO 4x4, QPSK signaling
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Comparison of MIMO Detection Schemes

Multiplexing gain Diversity gain
MMSE M, M,-M, +1
VBLAST M, M, —M, + stage
MLD M, M.
ORM-MLD M, <M,
Complexity
MMSE O(INV)+LxO(M .M )
VBLAST M, xO(INV)+2LxO(M M)
MLD O(M M M)
QRM-MLD O(QRD)+LxO(MM, +MM, (M, -1)/2)

May 31, 2011
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aaciriramant Fynearimant
IVIVCCAOUL Ul IUI I L_/\ 'J 11111
Measurement condition
MIMO structure 4 (Tx) x 4 (RX)
Array structure Half a wavelength spacing
linear array

MIMO transmit scheme | Spatial multiplexing

MIMO receive scheme |ZF, MMSE, VBLAST, MLD

ndinilatinn RPRDCIK NDCK 16O0OANM GANOANA
IVIUU I LIVI ] DI O\, \JI' 9I'\, LU\ZMIVI], USI\JMIVI
Frame structure IEEE802.11a based
(without coding)
Packet length 480 bits

Measurement points 40cm x 40cm (2cm step)
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Propagation Characteristics

 Random pathloss distribution in space domain
« Slight spatial correlation will affect MIMO performance

Pathloss distribution Spatial correlation
g 3
= 502 \h
2 4 6 8 10 12 14 16 18‘ 2.0 00 | 1 | 2 | 3
X position Wavelength/2 spacing ULA
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SISO

BER
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* BER performance agrees with that in Rayleigh environment
» Degradation of throughput performance is due to

Imperfection of frequency characteristics in RF transceiver

BER performance
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Throughput performance
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MIMO Transmission Performance

» Performance degradation of BER is due to spatial correlation
 RF impairment & spatial correlation degrades throughput performance

BER performance Throughput performance
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VBLAST-MMSE

n
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VBLAST-MMSE
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 MIMO receliver architecture
— Transmit & receive diversity on frame synchronization
— Orthogonal preamble sequences for MISO channel estimation
— MIMO detection algorithm to resolve the transmit signal

 MIMO detection algorithm
— Multiplexing gain to improve throughput performance
— Diversity gain to improve BER performance

— Tradeoff between complexity & performance (diversity order)
Linear schemes (ZF, MMSE)
Non-linear schemes (VBLAST, MLD, QRM-MLD)

~

[Further Improvement by transmit MIMO schems }
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