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Fundamentals

A Higher data rate is needed for next generation
communications in restricted bandwidth.

Y More spectrum efficient modulation technique

A Higher order modulation schemes: Vulnerable to noise
and interference.

A Multiple Input Multiple Output (MIMO) System

Y Using multiple antennas at Tx & Rx

Y Increase channel capacity and enhance performance without
bandwidth expansion.
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V-Blast: Successive Interference Cancellation (MUD)

r () ——— A i A—» ()

() ()




V-BLAST (Ordered Successive Interference Cancellation)

Step 1. Order the transmitted signal

Step 2. Null the interference

Step 3. Detect the desired signal

Step 4. Cancel the detected signal from received

vector
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A Shortcomings of V-BLAST receiver

- Diversity order

- Error propagation
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Improved V-Blast: Optimal TPA

A Overall BER (Assuming perfect symbol cancellation)
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V,;: nulling vector at the ith stage

A Cost Function
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Improved V-Blast: Effects of Detection Ordering and TPA
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A Small diversity order for low detection stage ~ Low
detection stages dominate the overall performance

13



Improved V-Blast: Effects of Detection Ordering and TPA

10°
Without ordering, without TPA
I‘ piL R With ordering, without TPA
AT o - < -
S
< "%E: N NS T~
o Nle il .. Stage 1
NO&RIL TS, "~
10-2 > ~ v, \\;:;\' \1: S o T ‘mo "~ -
~ S RN Tomg
N . \\';.:\ +o \ <, Som R -
N DN S S o -
NN + N
] 10'3 A N \\' S = +o 4
Y N ,
m X\ .X\ .\\ \" ~ +\ ]
N .o\ ~ <
N ~ .\. O
104 x\ . \\\ ~
N . '.§
\ N
o™
10° Stage 4 \ A . N \ ~
AN \.' \5 ~
X :: .
Stage3 " -
-6 1 1 1 1 1 1 1 N 1 \' 1 \$ al 1
10 0 2 4 6 8 10 12 14 16 18 20 22 24

SNR per receive antenna [dB]

A Detection ordering (1) shifts BER curves, and
(2) improves the 1st and 2nd stages, & degrades the 4th stage
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Improved V-Blast: Effects of Detection Ordering and TPA
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A TPA shifts the BER curves of the 1st and 2nd stages.
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Improved V-Blast: Average Power of Optimal TPA
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A Assign more transmit power to earlier detection stages
Compensation of low diversity orders at low stages
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Improved V-B| ast: Tx Power Al Il oc

A Post-detection SNR for the kth Symbol
P
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A BER for the kth Substream ;
- [

R(&)= T(ry) Jon

A s, H . Nam and K. B . Lee, NnTr ans mBUASTPower Al
Syst em, ¢Comrg Buy 2004, pp 1074-1079.
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Improved V-Blast: BER
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A SNR gain at BER = 103: 4 dB (ZF), 2.5 dB (MMSE)
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Detection Schemes

A V-Blast
A ML Receiver

A LD (Linear Decorrelator) Receiver
A MMSE Receiver
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A ML Receiver

- Select the most likable transmitted vector.

- Complexity problem

A LD Receiver

- Null the interference signal using pseudo-inverse

matrix.
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A MMSE Receiver
- minimize mean squared error due to interference signal

and noise.
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BER

A BER Comparison between the Existed Schemes
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- V-BLAST recelvers outperforms MMSE or LD
receivers in terms of BER performance.

- Number of antennag)
BER of LD U
BER of MMS E
BER of A\ BLAST and ML b

- Development of low complexity & high performance
receiver is needed.
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MIMO Channel Models

A Channel Model

K 1
— sD Hsc
H K+1Hf+ K41

H,,: Specular channel compone(ma(qr) ) @T)

H..: Scattered channel component (i.i.d.)
K = Ricean Factor
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MIMO Performance in Correlated Channel

Environments
Channel Model

QPSK Modulation
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Average Capacity per Hz
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MIMO recelver
ML (7.5.3 The Optimum Detector, Proakis book)

Posterior probabilities
P(signals, was transmittéd) , m= 1,2, M
After receiving the , the receiver chess, that maximizesp( sn\_r)

Maximum a posterior probability (MAP)

pRETE

p(s,) : a prior probabity of themth signal.

f(L)=%lf (rlsm) P(S0)

28



MAP simplification

-M signals are equally probabigs, ) = 1

M
-f (r) : independent of the transmittedrsits.

- Chooses,, which maximizes(r|s,) : ML criien
f(rls,) : likelihood fn.

ML .
1 a N 2/ Oge
flr|s,)= v EXPxdA \fk Sk 0
( | ) (pNo)7 (j‘,%e]_( Kk k) NO 9&@
N 1 N 2
nf(rls,)= —=M(EN,) =& (% sz
2 No k=1

Chooses, which maximizes (r|s,)

N
Chooses, which minimizegg (r, - s.mk)2
k=1
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NN
D(rls,)=& K 2 &rsSm * &

k=1 k % k =

=l -2r s0 [s
Chooses,, which maximizes r&%, }s,|’

R, : denote the region in the  -dim spacewhich we decide
s, was transmitted whem is received.
The probabiliy of a decision error given tha,  waartsmitted

(ﬁ $)=fie f( 1) dr

Prob. of error
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M
P( ) a ﬁ ( E# ﬁ) (M signals are equally probable.)
"
EAL
N Y
=8 -8 P f(r[s,)dr 2
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P(e) is minimized by selectings,
f(rls,)> f(r]s,) for m  k
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7.6 Probability of Error for Signal Detection in Additive White
Gaussian Noise

_’,_I‘.( ris;) A f(rlsy)
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Simplified Maximum
Likelihood Detection
Scheme 1

AH. Z. Sung, J. W. Kang, and K. B. Lee, "A Simplified Maximum Likelihood Detection for
MIMO Systems," IEICE Transactions on Communications , vol-B98o. 8, pp. 2242244,
Aug. 2006.



A Simplified ML Detection Scheme

A Conventional ML detection scheme

I Performs likelihood test with all possible symbol

A Simplified ML detection scheme

I Step 1 & 2: Chooses candidate symbol combinations among all
possible symbol combinations

I Step 3: Performs likelihood test with candidate symbol
combinations
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A Step 1: Select probable symbols for each symbol

-Rx signal: r
Nuling - mE@E T O T e
y=[¥r¥% W] =G rO o [EE]
1 M by b ' £ g : ':_‘J'
P .u &P - R L
G = —HH H Hb 52] ~ N L | L X | = =
\FN gﬁ egonon b [E[E

G: Nulling Matrix
< Example: Probable

symbols >
(N=4 and L=2)

y: Tentative statistic

- Tentative decision
The L closest elements of constellation point set to Y,

k, =argminly, -
-> L probable symbols for antenna symbol X,
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A Step 2: Determine a candidate symbol combination

for each probable symbol from step 1

- Cancellat|on g@ Eu.r,z :5,1,1: ig,Z,l: :E,mi EE,z,li :E,l,li LE'Z’li
P . o :E,lli : U,2,1i E,l E,Z :E,l,Z: :5,2,2: :E,I,Zi :E,Z,Zi
e =1 | N O BB BB | BBl B E
B BB EE |E|| £
Nullin < Example: Candidate symbol combinations >
9 T ) (N=4 and L=2)
yn,ﬁ = @yn,f,l'” yn,e,N- 1 Ef G n FQ
P . uaP 7
Where Gn:\/%HnH gNHnHﬁ sadeg Hn:[hl'“hn-lhnﬂ”'hN]

- Slicing & Constructing a candidate symbol combination
ﬁ,ﬁ,i =Q(Y,.;) I =1, 2,--- N -

En,,e: [ﬁ,m E,z,z E,e,n-l E,E g,ﬁ,n”' ﬁ,f,N—l]T
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A Step 3. Determine the final decision value among
candidate symbol combinations

- The likelihood function

. 1 € [P a=an s [P .. 1L
p(rlﬁ,g)—pN@et(lN)exp% (r \m*@fu@) H\KH LE9) ;a;D
(=1,..L anch =1, .N

[———

- Decision value 5
£, t

P :E,z,z:
N ’ﬁ#‘ £

< Example: Decision value >
(N=4 and L=2)

ol

¥= argmin
£

SH| S| P P
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BER

A BER versus average SNR: N=M=4, QPSK
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Computational Complexity

A Example: Number of multiplications of the
proposed scheme and conventional detection
scheme for QPSK modulation (C=4)

A N=M=4, L=4, and QPSK modulation: 72%

complexity reduction

The proposed scheme

L=1 L=2 L=3 L=4
N=M=4 1,008 1,122 1,296 1,440
N=M=6 4,632 5,100 5,568 6,036

V-BLAST ML
467 5,120
1,955 172,032
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Simplified Maximum
Likelihood Detection
Scheme 2

A J. W. Kang and K. B. Le€!A Multi -stage ML Detection for MIMO Systemsgonditionally
accepted tdEICE Transactions on Communicat®m May 2005.



< The 1st stage >

Interfering
sub-streams

. :
\/_/ ‘\/_/
Yi1 Yi2

: Objective sub-stream b,

. Candidate symbols

I : Surviving symbols

* The number of surviving symbols; L =2

* C candidate symbols A L surviving symbols
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< The 2nd stage >

Interfering
sub-streams

X

%
\/'/ ‘\K/

X3

y2,1 y2,2 L '_J
Perform likelihood test with S, ={s,., S, Sy - .S} DX

* CL candidate symbol combinations

A L surviving symbol combinations
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A BER versus average SNR (N=M=4), QPSK
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