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The Study of Pilot-based Adaptive
Equalization for Wireless MIMO-OFDM

Baseband Designs

Student: Ta-Yang Juan Advisor: Dr. Terng-Yin Hsu

Institute of Computer and Information Science

National ChiaoTung University

Abstract

IEEE 802.11n is the most potential standard which is designed for next generation of high
data rate wireless network at present. There are two technical proposals, by TGn Sync and
WWISE separately, affecting the specification. Aimed at the packet format proposed by TGn
Sync, we propose a hardware implementable channel estimation algorithm. Nowadays
physical layer technologies of wireless networking are applied in the fixed network
environment, and the channel is time-invariant during the transmission of one packet.
Therefore, the system is design for time-invariant channel condition. The data symbols of
every packet are compensated by the channel response which is estimated by long preamble,
and that is feasible under this circumstance (fixed networking); however, in mobile
environment, time-varying channel causes estimation errors. The proposed adaptive equalizer
takes advantage of data symbol pilots to modify channel impulse response. With this adaptive
channel equalizer, it can not only against heavy multipath, but also handles the time-varying

multipath channel condition.
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CHAPTER 1
INTRODUCTION

The explosive growth of wireless communications is creating the demand for
high-speed, reliable, and spectrally-efficient communications over the wireless
medium. There are several challenges in attempts to provide high-quality service in this
dynamic environment. These pertain to channel time-variation and the limited spectral

bandwidth available for transmission.

Multicarrier transmission for wireline. channels has been well studied. In Orthogonal
Frequency Division Multiplexing (OFDM), the entire channel is divided into many narrow
parallel subchannels, thereby increasing ‘the symbol duration and reducing or eliminating the
inter-symbol interference (I1SI) caused by the ' multipath environments. The main advantage of
OFDM transmission in time-invariant channels is the fact that the Fourier basis forms an
eigenbasis for timeinvariantl channels. This simplifies the receiver in OFDM schemes, where

the equalizer is just a single-tap filter per subchannel in the frequency domain.

Space-time block codes (STBCs) [1] use multiple transmit antennas to build spatial
redundancy in the transmitted signal such that maximum spatial diversity is achieved. For
example, with two transmit antennas and Ny receive antennas, Alamouti’s STBC achieves a
spatial diversity order of 2No. It has the added advantages of no bandwidth expansion, not
requiring channel knowledge at the transmitter, and simple maximum likelihood decoding at

the receiver using only linear processing techniques.



With the commercial success of 802.11g [2], new WLAN standard with higher data rate is
in the agenda. Most of the proposals for these new standards use a combination of MIMO and
OFDM [3]. Therefore, OFDM-based schemes have been combined with multiple antennas for
wireless channels where it is assumed that the channel is time-invariant within a transmission
block. This allows for inexpensive hardware implementations, making OFDM modems
attractive for high data rate wireless networks (Wireless LANs and Home Networking).
WLAN channel is assumed to be stationary within the length of the packet and estimated only
at the beginning of each packet using a preamble. However, the block timeinvariance
assumption may not be valid for high Doppler or when there are impairments such as
synchronization errors (e.g., frequency offset). In such situations, the Fourier basis need not be
the eigenbasis and hence we would have loss of orthogonality (of the carriers) at the receiver,
resulting in inter-carrier interference: (ICI). Therefore WLAN systems cannot operate
successfully in time varying channels.and it is<a challenge to provide a reliable WLAN

connectivity for a mobile user.

Some attempts to address this problem can be seen in the open literature. Pilot assisted and
decision directed schemes are commonly used for channel tracking in OFDM based
communication systems. In pilot assisted channel estimation schemes, known pilot tones are
inserted in each OFDM symbol. Adaptive filters can be used to estimate the changes in their
pilot tones and interpolate them to estimate the channel response to the whole band [4][5].
Reference [6], shows that 4 pilot tones in 64 subcarriers in WLAN systems are not sufficient
for pilot assisted channel tracking. It proposes to swap the pilot tones positions in OFDM
symbols to track to whole band. But these changes are not compatible with the WLAN standard.
Decision Directed Equalization (DDE) can also be used for channel tracking. The Decision
Directed channel-tracking schemes had been studied for Single Input and Single Output (SISO)

system in [7] [8]. Decoded data are used for channel tracking in [7]. The decoded data feedback



causes a large delay because of the Viterbi decoder. The low complexity decision feedback

tracking, proposed in [8], does not consider MIMO system.

The remainder of this thesis is organized as follows. Chapter 2 describes the
MIMO-OFDM system model. Then a novel algorithm for channel estimation and frequency
domain equalizer is developed in Chapter 3. The simulation results are shown in Chapter 4.
Proposed hardware architecture is in Chapter 5. Finally, this thesis is concluded in Chapter 6

and reference is in the last part of this thesis.



CHAPTER 2
SYSTEM PLATFORM

I n this chapter, we are going to describe three blocks of wireless communications,
transmitter, channel model, and receiver. At first, we introduce the basic of OFDM
and the IEEE 802.11n PHY specification. And then we present the IEEE 802.11n PHY

transmitter block diagram. Finally, we propose a universal receiver system model.

2.1 IEEE 802.11n PHY :Specification

Orthogonal Frequency Division Multiplexing (QFDM) is a multi-carrier modulation that
achieves high data rate and combat multi-path fading in wireless networks. The main concept
of OFDM is to divide available channel into several orthogonal sub-channels. All of the
sub-channels are transmitted simultaneously, thus achieve a high spectral efficiency.
Furthermore, individual data is carried on each sub-carrier, and this is the reason the equalizer

can be implemented with low complexity in frequency domain.

The MIMO-OFDM system [9] supports BPSK ~ QPSK -~ 16-QAM ~ 64-QAM four
kinds of modulation, FEC supports 1/2 ~ 2/3 ~ 3/4 ~ 5/6 four kinds of coding rate - and it can
uses 2x2 or 4x4 antennas to transmit data. Before data transmitted, the data must go through
Alamouti STBC ( Space Time Block Code) encoding. After that, data go through OFDM

modulation, and using IFFT to transfer frequency domain data to time domain signal. In each



OFDM symbol, each symbol has 64 subcarriers, and 52 of them are data carrier, 4 of them are
pilot carrier, others are null carrier. In receiver, first step, it uses FFT to transfer received signal
to frequency domain data; second, Equalizer will compensate channel effect then combine two
stream data into original by Alamouti Decoder. The MIMO basic architecture is as Figure 2-1

and the Alamouti STBC ( Space Time Block Code ) is as Figure 2-2

HI11
—_—
L 1
—» IFFT FFT |—p Ly
STBC Y\\PL Demodulator Deinterleaver | Decoded
- Eowe—
j H22

InformationI Encoder/
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FFT —» —»

—» IFFT

Figure 2-1 MIMO Basic Architecture
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Figure 2-2 Alamouti STBC ( Space Time Block Code )

2.2 System Block Diagram

The following two sections comprise of transmitter and receiver are the main parts in our

simulation platform. First is the transmitter, and then is the universal receiver.

2.2.1 Transmitter

Figure 2-3 is the transmitter block diagram. After the parameters of data rate and data

length are decided, following the blocks one by one will generate the transmitted signals, and



the spatial parse will parse the data streams into several space-time streams which is equal to

the transmitter antenna’s number. After STBC encode is the OFDM modulation which will

transform the signal from frequency domain to time domain.

Y

N .frequency N QAM N IEET N Insert analog
_ interleaver mapping Gl & RF
g 3
5] = ]
RN
5] ‘-:3’ I STBC
|2 | &
LL 7]
L, _frequency N QAM N IFET N Insert analog
interleaver mapping Gl & RF
spatial streams Space-time streams antenna streams

Figure 2-3 MIMO Basic Transmitter

2.2.2 Receiver

Figure 2-4 shows the block diagram of the receiver. After timing synchronization, data

will be transformed in to frequency-domain:—Fhen we use the HT preamble to estimate

channel frequency response. STBC decoder uses the CFR to decode the space-time code and

equalize the data. And this two block also the main part of this thesis. Following is the

de-map and de-interleave part. Then all data stream will be merged into single stream by

spatial merge block. Finally is the FEC block which includes de-puncturer, Viterbi decoder,

and de-scrambler.
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Q
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©

Viterbi decode
de-puncture
spatial merge

[l de-interleaver

e

de-map

le

STBC
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| FFT

4 sync

Y

A 4

channel
estimate

A

FFT

< sync

Figure 2-4 IEEE 802.11n receiver baseband diagram.



AWGN, time-variant Doppler multipath, carrier frequency offset, phase noise, sampling
clock offset and path loss are simulated in the channel, where the AWGN is added, the
time-variant Doppler multipath is convoluted, CFO which joint phase noise is multiplied and
SCO is convoluted with sinc wave to the Tx signal. The parameter of the AWGN channel is the
signal-to-noise ratio (SNR) in dB, and for CFO and SCO is the frequency offset in ppm
proportional to the carrier frequency and the symbol sampling frequency respectively. As for
the multipath fading channel, the parameters include the channel type, the root-mean-square
(rms) delay spread value and the tap numbers. The loop bandwidth and the loop time constant
of the low-pass filter in phase-locked loop (PLL) decide the range of phase noise. Figure 2-5

shows the practical and the baseband equivalent channel model.

TX RF RX RF

. Time Variant AWGN Filter -
Harmonic (Doppler) Imbalance Harmonic

| ! | 7 !
DAC >®~ BPF P PA »| Path —| Multipath :f\ grrp LNA »@» ADC

Loss VGA

T ‘ t
Nonlinear .
Noise
Distortion Interference Nonlinear

1 TX 1Q mismatch RX IQ mismatch
1 phase noise phase noise

-
N

Figure 2-5 Baseband equivalent system model



CHAPTER 3
THE PROPOSED DESIGN

I n this chapter, basic channel estimation and adaptive channel equalization scheme
will be proposed. The target OFDM system is the packet-based and burst
synchronization scheme. In a real system, several synchronization issues must be taken care
including frame detection (FD), multipath cancellation, and other channel effects. In our

design, we will considerate not only our function blocks but also the whole system.

The total compensation scheme ‘contains two:partitions. One is the channel estimation
using the HT-LTF. The other is -adaptive channel equalization for time-varying channel

condition. This chapter is the distinguishing feature in the thesis.

3.1 Channel estimation using interleaving HT-LTF

As mention in chapter 2, HT-LTF is tone interleaved across streams, the packet format is
as Figure 3-1. The legacy long training OFDM symbol is identical to the 802.11a long training
OFDM symbol [9]. And the L-LTF is the same in each antenna. The HT-LTFs are transmitted
after the HT-STF. For any PPDU, there must be at least as many HT-LTFs as spatial streams in
the HT Data portion of the PPDU. The first HT-LTF consists of two Long Training Symbols
(LTS) as in 802.11a/g and a regular guard interval of 0.8 s, giving a total length of 7.2ps.
When present, the second and all subsequent HT-LTFs each consist of a single HT-LTS with a
regular guard interval of 0.8 ps, giving a total length of 4ps. And the HT-LTF is tone

interleaved across antennas; the 56 tones are partitioned across the antenna array during each



OFDM symbol. Tone partitioning into sets for 20MHz is shown in Table 3-1. At each OFDM
symbol interval, each set of tones maps to one transmit antenna. And over time, all sets get

mapped to an antenna. An example of tone interleaving across 4 transmit antennas is shown in

Figure 3-2.
LENGTH| MCS | Advanced| Sounding | Number | Short Gl | Scrambler | 240 | cre | Tal
1bits | 6bits| coding | packet | HT-LTF Init | ghits | 6hits
1hit | 1bt | 2bis | 1bit | 2nbis | 1Pt
LegoyPLCPHeadr 4
lleb-rrhE Rﬁ;’e 12 bits Fillarbrltty gg&s e e PSDU (;rgﬂs gﬁ
______________ . Coded OFDM Coded OFDM | Coded MMO-OFDM /
""""" 4 BPSK r=12 BPSK, r=1/2 | UigRATEXindicatedinSIGNALX |
DvHzor L-STF LLTF LSIG HT-SIG HESTF | HELTF HT-LTF ~ DATAX TxALL
40MHz 8us 8us 4w 8 248 728 4w Variable Nurrber of OFDIM Syrrhols
\ N R . ¢ - - DATAX2 TxAt2
rA I - R~ I e e
L-STF L-LTF L-SIG HT-SIG HT-STF HI-LTF HI-LTF ) DATAXN TXALN,,
8us 8us 4us 8us 2418 72us 4us Variable Nurrber of OFDM Syntols
teckel o tersiten 2 CDD cpiors) = Channel Decision-directed
estimation Channel Error Tracking
Figure 3-1 MIMO-OFDM Packet Format
Table 3-1 Tone partitioning of HT-LTF into sets for 20MHz (56 tones)
Nsts Set 0 Setl Set 2 Set 3

1 [-28:1:-1] [1:1:+28]

2 [-28:2:-2] [2:2:28] [-27:2:-1] [1:2:27]

3 [-28:3:-1] [2:3:26] [-27:3:-3] [3:3:27] [-26:3:-2] [1:3:28]

4 [-28:4:-4] [1:4:25] [-27:4:-3] [2:4:26] [-26:4:-2] [3:4:27] [-25:4:-2] [4:4:28]




HT-LTF  HT-LTF  HT-LTF  HT-LTF

0 1 2 3
SSO Set0 Set 3 Set 2 Setl
SS1 Setl Set 0 Set 3 Set 2
SS2 Set 2 Setl Set 0 Set 3
SS3 Set 3 Set 2 Set 1 Set0

»
L

time

Figure 3-2 HT-LTF tone interleaving across 4 spatial streams

Figure 3-3 shows an example of HT-LTF transmit situation in 2x2 antennas system.

time time

v
v

SetO | Setl | Tx1 Rx1_1 | Rx1_2

Setl | Set0 | Tx2 Rx2_ 1 | Rx2_2

Figure 3-3 HT-LTF at transmitter and receiver

Figure 3-4 shows the frequency domain of the HT-LTF and the received signal at receiver
1in 2 time slot. Because the tone interleaved in frequency domain we can estimate the channel
frequency response by combining two time slot response at one receiver. Figure 3-5 shows the
combining of first antenna and estimated channel. And Figure 3-6 shows the simulation result

of estimated channel comparing with the real channel.

Figure 3-4 frequency domain of the HT-LTF and the received signal

10



signal received at Rx 1
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Figure 3-6 Simulation result of estimated channel

3.2 Feedback Decision-directed Channel Error Tracking

Feedback DDCET is applied for high performance and low complexity.
Computation-save control (CSC) is applied in DDCET to reduce redundant tracking. Channel
error tracking can be turned off after several OFDM symbols cause the tracking error is
converged to a very small value. The feedback DDCET estimates the CFR error by the

de-mapping result of data subcarriers. In data transmission, the system block is shown in

11



Figure 3-7. The received signal can be shown as

Y} = X oHy + X, Hy, +W
Y12 = X, pHy + X5 H,, +W12
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Y, ==X oH, + X o Hy, + W,

timel | time2 timel H time2
i i hll i i

| * g 1_ 1 1yl __ * * 1
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: \\ ,', :
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Figure 3-7 STBC transmitter and receiver

Here we assume
_ —AH. (3.1)

where H; indicates the real channel frequency response between receiver i and transmitter j.

H;,. stands for the adaptive channel frequency response and the estimated CFR error, AH; |

and the predicted de-mapping signal, X,;.

By STBC decoder , the estimated signal X, can be written as follows:

(|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2) Xle = (YllHl*lA +Y21*H12A +Y12H;lA +Y22*H22A) (3-2)

(|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2) X2e = (YllHl*ZA _Yzl*HnA +Y12H;2A _YZZ*H21A) (3-3)

12



The estimated signal can be rewrite as

(|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2) Xle (XlDHll + XZDHlZ +W1) HllA

+ XZDH11+X:DH12 +Wl) H12A

(3.4)
2
+( XpHy + XppHp +W, )H21A

-
(

+( X2DH21+ XlDH22 +W22) Haon
=(

(|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2) X XlDHll + XZDH12 +Wl) H12A

( XZDH11+X1*DH12+W1) Hia (3.5)
+(X10H21+X20H22 +W, )HZZA
-(-

XZDH21 + X1DH22 +W22) |_|21A
If we assume only H,, has estimated CFR error, then the equations becomes:

(|H11A| +|H12A| +|H21A| +|H22A ) XlD 1A 11 +X2DH12A+W1)H11A

+ X 1lA ll)+X1DH12A +W1) H

12A (3.6)

H

-

+( 1D 21A+X2DH22A+W )H21A
+( XZDH21A+X1DH22A+W2) Hoon
(

(|H11A| +|H12A| +|H21A| +|H22A| )Xze XlD 11A 11 +X2DH12A+W1)H12A

X llA 1l)+ XlDH12A +Wl) HllA (3 7)

(-
+( ioHaia + XopHapn +W2)H22A
(-

XZDH21A+ XlDHZZA +W2) H21A

By elimination the same item in the equation, we get:

13



(|H11A|2+|H12A|2+|H21A|2+|H22A|2) _X H11AH11A X AH11H11A + X 12AT 111A

_m+ X, AH11H12A+ X, H12AH12A
+x1DH21AH21A+%
_m+ XioHzaH24

Ig* 1* 21g* 2%
+Wl Hll/—\ +W2 H12A +W1 H21A +W2 H22A

2 2 2
:(|H11A| +|H12A| +|H 22A| )X
_XlDAHllHl*lA + XzoAH1*1H12A
+W11H:1A +W21*H12A +W12 H ;lA +W22*H 22A

(3.8)

(|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2) X2e = M_ XlDAHllHl*ZA + XZDleAHl*ZA

*

+x2DH11AH11A_XZDAHllHllA_ X 12A" '11A

. asbbap o0 + XapHouH o

*

I'_"+x2,|.,L|e—|21AH21A Xy,
+W1Hlm W, W, H ,, —W,H,,,
( lZAl%+|H21A| +|H22A| )
XlDAHnHm X0 AH H
+Wl Ho L —WEH,, +W2H,, ~W2H,,,

(3.9)

now we have

(|H11A|2+|H12A|2+|H21A|2+|H22A|2)x1e:(|H11A|2+|H12A|2+|H 22A|2)X
_XloAHnHl*lA"'XzDAHl*lHuA
AWH, , + W, Hpp +WPH  + W H,,
(IHuaal” +Haza” +[Haal +Haol") Xao = (IHuaal + Hzal” +[Hasal +Haoal ) X
_xlDAHllH12A_X2DAH11H11A
+W H12A Wl*HllA—IrW H22A -W. *H21A

(3.10)

By combining X,, and X, ,we get:
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XlDAHllHl*lA - XZDAH;1H12A = (|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X1D - Xle)+Wl (3.11)
XlDAHllHl*ZA + XZDAHl*lHllA = (|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X2D - Xze)"'Wz

Then multiply the first equation by H,,,, and the second equation by H,,,:

H11A(X10AH11H1*1A - xzoAHl*lleA) = HllA ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|Z)(x10 - Xle)+W1)

H12A(X1DAH11H1*2A + XZDAHl*lHllA) = H12A ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X2D - X2e)+W2)

(3.12)

XlDAHnHl*lAHnA - XZDAHl*lleAHnA = HllA ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X1D - Xle)+Wl)

XlDAHllHl*ZAHHA + XZDAHl*lHllAHlZA = H12A((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X2D - Xze)"'Wz)

(3.13)

By adding two equations, we get the-following

(1Hsal” [ Hiza ) Xao My = Hoge(([Husal” + [zl [Hasal” ozl ) (X0 = %o ) + W4

+ HlZA ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X2D - X2e)+W2)

(3.14)

and we can find AH,, by:

g (| Husal "+ [Hal” #[Hasal” [ Hasa ) (X = X ) + W)

g P (4o s 4 X = Xa) 1
. (| H11A|2 +|H12A|2) X1D

(3.15)

By repeating the procedure above with different assumption on H;, we can obtain 4 estimated

15



CFR error as follows:

g (| Husnl”+[Hal” +[Hasal” [Hasa )Xo = X ) + W )

o F (sl Hign s+ o) (X = X0 )+ W )

AH,, = (|H11A|2 +|H12A|2) X,
o ([Fanl o) - X))
- +H12A((|H11A|2 #[Huaa "+ Hosal” #[Haaa ) (X0 - XZe)+W2)
(IHusal" +[Huza ) o0
HzlA((IHllAIZ+|H12A|2+|H21A|2+|H22A|2)(x1D —Xle)+W1)
A +H22A((|H11A|2+|H12A|2+|H21A|2+|H22A|2)(x2D —X26)+W2)

(|H21A|2 +|H22A|2) X1D
H21A ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(XID - xle)+Wl)

AH. = +H,,4 ((|H11A|2 +|H12A|2 +|H21A|2 +|H22A|2)(X2D - X29)+W2) (3.16)
“ (|H21A|2 +|H22A|2) X0

After that, we compare the equalized pilots with the known one and compute the
mean-square error as the error function. Then we judge if this corrected CFR is suitable. If the
MSE of the compensated pilots, MSEcomp, is greater than the MSE of the original pilots before
compensated, MSE,;, we discard this CFR. Otherwise, the old CFR will be replaced by the

suitable one. The algorithm of this feedback loop is

M
MSE,, = [P (k) Py ()] (3.17)
M=
1M 2
IVISEcomp :_Z‘Pimprove (k)_ I:)D (k)‘ (318)
M=
H K HA(k)_/u'AHI—l(k)’ if IvlSEcomp > IvlSEori 3.19
k)= H, (k) , if MSE,,,, <MSE,, (3.19)

16



where M is the number of pilots and x is the step size of the adaptive tracking loop. Under the

feedback tracking algorithm which adjusts the CFR directly instead of compensating the data

subcarriers only, we can get more accurate data subcarriers to make more precise estimations of

CFR error.

Figure 3-8 is the flow chart of the proposed algorithm.

HT-LTF
v

channel
estimation

CFR

Data In

y

Alamouti

decode

y

AH calculation

y

H compensation

y

Alamouti

decode

compare
pilot mse

v
Data out

Figure 3-8 Algorithm flow chart
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CHAPTER 4
HARDWARE ARCHITECTURE AND

PERFORMANCE ANALYSIS

T

adaptive channel equalizer.

The block diagram of channel estimation is depicted in Figure 4-1. As shown in the
figure, a FFT block is employed to .transform- the signal from time-domain to

frequency-domain. Then the signal "is multiplied by-training sequence. Finally is the

interpolation buffer.

FFT

—FFT1_OUT:

FFT

—FFT2_OUT:

> buffer

he whole architecture of the proposed adaptive equalization can be divided into

three parts, the channel estimation, the Space-Time Block code decoder, and

—H11-»

" E—H12»

> buffer

—H21-»

" E—H22»

-
N

Training Sequence

Figure 4-1 Channel estimation architecture

Figure 4-2 shows the architecture of Alamouti Space-time Block code decoder. As

shown in Figure 4-3, signal will be decoded two times with the original CFR and adaptive

CFR, then decided by pilot MSE comparator to choose the better one.

18
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Figure 4-2.Alamouti decoder architecture
Data_In >
. - - . —» X
Alamouti Pilot
decoder demap compare
CFR ———» 5 — —1 —» Y
c |
=
A
step size — A
Pd
map

AH—

delta

A

Figure 4-3 Adaptive channel equalizer
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To evaluate the proposed algorithm, a typical MIMO-OFDM system based on IEEE
802.11n Wireless LANs, TGn Sync Proposal Technical Specification, is used as a
reference-design platform. The parameters used in the simulation platform are “The length of
OFDM symbol is 64 and cyclic prefix is 16”. A satisfactory accuracy can usually be reached if
enough data samples are used to calculate the estimate from the long training symbols. As a
result, the proposed method uses high throughput long training field symbols and legacy long

training field symbols to measure the frequency dependent 1/Q-M.

The simulation result below is based on following conditions:
® 2x2 MIMO-OFDM systems in 20MHhz.

® PSDU is 1024. bytes

® MCS is 14 (modulation is 64QAM,; coding rate is-3/4 )

® Decoder using soft Viterbi decoder

Multipath Model: TGn-E and the relative rms delay and Tap number will be shown in

Table 4-1

20



Table 4-1 TGn Multipath Specifications

Mode rms delay spread Tap numbers
A 0 ns 1
B 15ns 2
C 30 ns 3)
D 50 ns 8
E 100 ns 15
F 150 ns 22

Figure 4-4 and Figure 4-5 show example of channel impulse response and channel

frequency response in 60km/hr situation.

Input delay-spread function (CIR)

Amplitude

Delay

Figure 4-4 Channel impulse response in 60 km/hr
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Arnplitude

Time-variant transfer function (CFR)

Frequency

Figure 4-5 Channel frequency response in 60 km/hr

Figure 4-6 shows that the CFR mean-square-error between adaptive channel and the real

channel is decrease, which means the adaptive'channel.is more and more close to the real

channel. Figure 4-7 shows that the data MSE between decode data and real data is also

decrease.

0.038

0.036 -
0.034 -
0.032

0.03
0.028 -
0.026
0.024 -
0.022

0.02
0

CFR MSE

I I I I I I
5 10 15 20 25 30 35
OFDM symbol

Figure 4-6 CFR MSE
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©10° data MSE
‘

I .
0 5 10 15 20 25 30 35
OFDM Symbol

Figure 4-7 Data MSE

Following figure will show the whole system performance ( BER and PER ) improved by the
proposed algorithms. In Figure 4-8:and Figure:4-9 ;. the. multipath condition is time-varying
TGnD, the proposed algorithms cantimproye the system performance greatly when the channel

is time-varying.
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Figure 4-8 Bit Error Rate
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Figure 4-9 Packet Error Rate
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Figure 4-10 BER with different velocity and different step-size
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PER vs SNR

error rate

—e— 10km/hr no improve
10km/hr no improve self

—e— 60km/hr no improve

—e— 120km/hr no improve

—e—180km/hr no improve

-&--60km/hr step size=0.05

=#&--120km/hr step size=0.05

—&-180km/hr step size=0.05

«e-- 60km/hr step size=0.1

-+ 120km/hr step size=0.1

------- 60km/hr step size=0.025

------- 120km/hr step size=0.025

+#== 10km/hr step size=0.025
10km/hr step size=0.025 self

Figure 4-11 PER with different velocity and different step-size

From the simulation result we can see that the performance degrade seriously with only
one shot channel estimation in time-varying channel situation. This thesis proposes a novel
scheme for channel equalization in OFDM receivers. The proposed algorithm can use
de-mapping results and pilots to adjusting estimate channel frequency response in time-varying
channel environments. From simulation results, the average estimation error of the proposed
algorithm is small enough for little system performance loss under different multipath channel.
And the convergence speed is much faster at the same time. Besides, the proposed method is

suitable for implementation issue
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CHAPTER 5
CONCLUSION AND FUTURE WORK

his thesis has proposed a novel one-shot algorithm to estimate the channel in
MIMO-OFDM receivers. The proposed algorithm can use High-Throughput long
training symbols to estimate channel in time-variant Doppler multipath environments. Besides,
the proposed adaptive channel equalizer can modify the channel frequency response to
approach the real channel frequency response. From simulation results, the proposed algorithm

can meet many system requirements to prevent.ebvious performance loss under time-varying
&% e

o

N
i

channel condition. Table 5-1 shows ghﬁe"é:omp;a[isqﬁ of Etate-of-the-art equalizer.
_.. .r P I-’ :.I 'H.l":'_-\.\__. -\.
e T . ]

i 7 o
i : P - |

| el f =
N ! q

Table 5-1 Compariségi;of“sﬁte:-'oflt-he-aff-ﬁdaptive equalization
o F w

JSAC.1999[10] ISPACS.2005 [11] [12]

Operating Domain Time Frequency Frequency

Optimum Training

Method Decision-directed Decision-directed
Sequence
Property Utilization N/A Pilot Pilot
IEEE 802.11n
Standard compatible N/A IEEE 802.11a
TGn sync proposal
Modulation 4-PSK 16-QAM 64-QAM

Channel Condition

Two-ray, TU,HT delay

with fd = 40 Hz

ETSI Multipath channel

with Jake’s model

IEEE rms 50, 13 taps

Space-Time code

16-State

STBC

N/A

Note

Requires high

computational complexity

Not fully support spec

large improvement in

singular channel
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