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1. Introduction

o All wireless communications are always
required high data rate.

* Wireless communication facing mobile
limitations, especially @mobile.
- Complexity
- Size
- Power consumption (Battery)



Wireless Communications

e Trade-off b/w complexity and data rate.

e Orthogonal Frequency Division
Multiplexing (OFDM) Is selected for high

data rate.

— Long Term Evolution-Advanced (LTE-A or 4G)
— Multiple Input Multiple Output (MIMO)
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Introduction ()

Three technigues are used independently or
In tandem to improve receiver signal
guality

|. Equalization compensates for inter
symbol interference (ISI) created by
multipath with time dispersive channels
(W>B)

(Linear equalization, nonlinear equalization)



Introduction ()

Il. Diversity also compensates for fading channel
Impairments, and is usually implemented by
using two or more receliving antennas

(Spatial diversity, antenna polarization diversity,
frequency diversity, time diversity)

The former counters the effects of time
dispersion (I1Sl1), while the latter reduces the
depth and duration of the fades experienced by
a receiver in a flat fading (narrowband) channel



Introduction (..)

lll. Channel Coding improves mobile
communication link performance by adding
redundant data bits in the transmitted message

Channel coding Is used by the Rx to detect or
correct some (or all) of the errors introduced by
the channel (Post detection technique)

(Block code and convolutional code)
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Equalization background

e The term equalization can be used to describe any signal
processing operation that minimizes ISI *

e Two operation modes for an adaptive equalizer: training
and tracking

eThree factors affect the time spanning over which an
equalizer converges: equalizer algorithm, equalizer
structure and time rate of change of the multipath radio
channel

e TDMA wireless systems are particularly well suited for
equalizers

* S.U.H. Qureshi, “Adaptive equalization, ” Proceeding of IEEE, vol. 37 no.9, pp.1340 -1387, Sept. 1985.
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Equalization diagram
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Classification

If d(t) Is not the feedback path to adapt the
equalizer, the equalization is linear

If d(t) Is fed back to change the subsequent
outputs of the equalizer, the equalization Is
nonlinear
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Classification of Equalizers

Equalizer
Linear '1‘ypes Nonlinear
ML Symbol
DFE Detector MLSE
e e e = = = — = —— — — =
Structures |

| . . Transversal |
|| Transversal Lattice Transversal Lattice Channel Est. | |

R - A A

Zero Forcing
LMS

RLS

Fast RLS

Sg. Root RLS

Gradient RLS

Fast RLLS
Sqg. Root RLS

Algorithms

Gradient RLS

RLS
Fast RLS

Sq. Root RLS

15



Equalization

e Linear methods are simpler but suffer from
more noise enhancement compared to
nonlinear.

 DFE Is the most common; suffers from
error propagation over channels with low
SNR.
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Equalization

 No equalization — low data rate *
— unacceptable

e (Post-) equalization process on Rx

o Before / After FFT *** [1],[2]

* http://www.ee.hacettepe.edu.tr/~toker/ELE739/Week10-11.pdf
http://en.wikipedia.org/wiki/Rayleigh distribution

**http://www.mathworks.com/products/communications/examples.html?file=/product
s/demos/shipping/comm/commadapteq.htmi#3

*** http.,cost289.ee.hacettepe.edu.trpublications/session5-5.pdf

[1] Zou W., Y. Wu, COFDM: An overview, IEEE Trans. Broadcasting, vol. 41, March
1995, pp. 1-8.

[2] Armour S., A. Nix, D. Bull, Pre-FFT equalizer design for OFDM, Electronics
Letters, vol. 35, Apr. 1999, pp. 539-540.
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algorithms for adaptive equalization

Number of
Algorithm Multiply Advantages Disadvantages
} Operations

LMS Gradient DFE |2N + 1 Low computational |Slow convergence, poor
complexity, simple tracking
program ,

Kalman RLS 2.5N? + 4.5N |Fast convergence, High computational com-
good tracking ability |plexity

FTF TN + 14 Fast convergence, Complex programming,
good tracking, low unstable (but can use
computational com- |rescue method)
plexity

Gradient Lattice 13N - 8 Stable, low computa- |Performance not as good
tional complexity, as other RLS, complex
flexible structure programming

Gradient Lattice 13N; + 383Ny |Low computational |[Complex programming

DFE - 36 complexity

Fast Kalman DFE 20N + 5 Can be used for Complex programming,
DFE, fast conver- computation not low,
gence and good unstable
tracking

Square Root RLS 1.5N? + 6.5N |Better numerical High computational com-

DFE properties plexity
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2. Models

2.1 Post-equalization
2.2 Pre-equalization

2.3 Pre- and Post-Equalization
Combining (PPE)

Linear Equalization;

— ZF (Zero forcing)
— MMSE (Minimum mean square error)
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Tr(H(H™)™)

Yong Soo Cho, Jakewon Kim, Won Young Yang, and Chung G. Kang, “MIMO-OFDM Wireless Communications
with MATLAB,” In: Singapore; Hoboken, NJ : IEEE Press : J. Wiley & Sons (Asia), 2010. 21



22 Pre-equalization

* Pre-equalization is selected for low
complexity @RX.

* Pre-equalization process @Tx

 Advantage base station, no power
limitation
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pre-equalization reference

e Target to low complexity at receiver

— “Pre-equalization Technique for Interference
Cancellation in the UMTS-TDD Downlink Channel” -

BISAGLIAL, L. SANGUINETTI2, M. MORELLI2, N. BENVENUTOL1 and S. PUPOLIN1
— “Pre-equalization Techniques for Downlink and Uplink
TD D M C'CD MA SyStemS”, P. BISAGLIAL, L. SANGUINETTI2, M. MORELLIZ2, N.

BENVENUTOL1 and S. PUPOLIN1

* Pre-equalization with Sub-Band Blocking (SBB)
» Pre-equalization with Normalized Power (NP)

23



Pre-Equalization
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2.3 Combined pre- & post-
equalization

« Combined Pre- and Post- equalization

scheme should be provided better
performance.

— MRC (Maximal Ratio Combining)

— Split to 2 main stream and added at the end

25



Recent combining

This enables pre-equalization to be applied at the
transmitter together with post-equalization at the
receiver.

MRT—MRC combined equalization and is based on the
combination of the MRT principle at the transmitter and the MRC
principle at the receiver.

selection diversity combined equalization and is the optimal
single-user combined-equalization technigue in the sense of
BER minimization.

The third technique is actually a class of techniques that
represent a certain tradeoff between MRT-MRC combined
equalization and SD combined equalization.

Pre- Post- and Balanced Equalization in OFDM

Multi-Carrier and Spread Spectrum Systems From OFDM and MC-CDMA to LTE and

WIMAX,Second Edition K.Fazel 26
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Challenge

 How to separate mixed symbols to Pre-
and Post- equalized symbol?

« How much complexity we have to pay for
better performance?

 How about Imperfect Channel Estimation
and noise iImmunity?

28
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3. Decision Constellation Splitter
(DCS)

 Mixed symbol are separated to Pre- and
Post- equalized symbol by DCS algorithm.

e Calculate symbol distance from received
symbol to reference symbol

 The detected symbol that close to

reference symbol is decided to Pre-
equalized symbol

30



Reference symbol

Depend on modulation type
— Ex. QPSK (1+i, 1-i, -1+i, -1-i)

Symbol distance

d1=| ref symb—received symb1]

d 2=|ref symb-received symb 2|

31
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Start DCS
Initial Ref QPSK
normalization

'

Get x1 ,x2
from channel

'

Calc quadrant
of x1, x2

v

Calc distance
d1=| x_ref—x1 |
d2=| x_ref — x2 |

/// R"x._\_\_\_h
Y ';‘_Hx d1>d2"7? - N
X_pre = x2 X_pre = x1
X_post = x1 X_post = x2
End of DCS

Forward to PPE
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4. Channel estimation

e Perfect

= Estimation error (02 = 0) or no error
= Estimated Channel (H) = Channel (H)

e Imperfect

» Estimation error (o2 > 0)

= Estimated Channel (H) = Channel (H) with
error probabillity (o?)

= Simulation 0<o2%<1

34



Imperfect channel estimation

 |In fact, H_ IS Imperfect. Other word non
iIdeal or non perfect channel estimation.

H=7nH+1-7 G,

= 2 [Gw]ij ~ CN (0’1)

Jin Liang Huangr, “Adaptive MIMO Systems with Channel State Information at Transmitter,”

TRITA-ICT-COS-0804 ISSN 1653-6347, SE-16440 Stockholm, SWEDEN, 2009. -



5. Complexity

v 9
® ANUBVULBDU

 High Complexity
— High power consumption
— Hard to design a small size

36



f(n)

log(n)
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Complexity measurement

* qszansnInnnal
e Big-O
e Count process
— Object-Oriented (OO) technology

38



Complexity

Terminology

O Constant complexity
Odog ny Logarithmic complexity
Om) Linear complexity

O log ny n log n complexity
OnP) Polynomial complexity

Ob™ where b > 1

Exponential complexity

Owmy

Factorial complexity
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Computational complexity of operation

I nputs

Operation #real #complex Output Complexity
Complex multiplication 0 2 Complex AM+2A
Complex multiply by real 1 1 Complex 2M
Square root 1 0 Real M
Complex power 0 1 Real 2M+A
Real division 2 0 Real M
Complex division 0 2 Complex 8M+3A
Complex divide by real 1 1 Complex 2M

Auda M. Elshokry, "Complexity and Performance Evaluation of Detection Schemes for Spatial Multiplexing MIMO Systems,
" Thesis Submitted to Faculty of Engineering, Islamic University Gaza, Palestine, 2010.

40



Rx Complexity

Scheme Addition Multiplication
Equalization 6,144 12,288
Pre-equalization 0 4,096
PPE — ideal 10,240 12,290
PPE - DCS 30,720 24,578

(512FFT,QPSK,MIMO 4x4) 41




6. Simulation

e Simple OFDM

e Equalization, Pre-Equalization, Combined
Pre- and Post- Equalization (PPE)

 PPE with Decision Constellation Splitter
(DCS)

« Imperfect Channel Estimation

42



Model & Scope

OFDM performance with different
equalization algorithm.

OFDM under imperfect channel
estimation.

Consider Complexity, SNR, BER, Data
rate.

Prove PPE Is a good choice for
performance.

43



Simulation parameters

Parameter Value
FFT size 512
CP 25%
Modulation QPSK
Multiple antenna MIMO 4x4

Equalization

ZF, MMSE (Pre-, Post-, Combined)

44
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Comparison with recent proposed

 Different environment, not “all equals”
* Pre-equalization Reference Point

e Consider BER@ 102

47



Channel Model C
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Comparison with recent proposed

dB =10log W

9.5=10log W1 =2 W .nce = 8.91 Watts
11.5=10log W2 > W, = 14.12 Watts

e Balance better than Pre-
— reduce required transmit power 36.89%

49
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Comparison with recent proposed

dB =10log W

11 = 10 log W1 > Wppe = 12.59 Watts
16.5 = 10 log W2 > W, = 39.81 Watts

 PPE better than Pre-
— reduce required transmit power 68.37%
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/. Conclusion

* This paper proposes combining method of pre- and post-
equalization (PPE) with decision constellation splitter
(DCS) algorithm to improve the system performance for
OFDM wireless communications.

 The DCS algorithm has proposed for detect and
separate the mixed signals by calculates and compares
symbol distance with the reference symbol.

 The simulation has been proved that, the proposed
method can be achieved the performance in term of bit
error rate compared with other methods. In the other
words, the method show out coming of higher noise
Immunity.
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Future works

 Adaptive PPE with DCS for noise
Immunity wireless communication systems
under imperfect channel estimation.

* Pilot or Probability DCS

« PPE for LTE Advanced
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Question

Thank you for your kind attention
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