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Abstract

This paper proposes a method in Rx for deep-fading channel with no variation Tx.
Because of OFDM system is multicarrier modulation. Therefore, the performance is
affected by selective fading. When the transmitted signal through pass the deep fading
channel. The deep fading data will lose after FFT.

This paper of contribution is resolved the deep-fading channel in Rx with no variation

Tx. The performance is convergent on 36dB with the data rate 3/4 and 64QAM.
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Chapter 1
Introduction

As the wireless communication is widely applied, serious effect occur in some
environment. A special channel called two-ray channel reveals when transmit signals by two
paths between transmitter and receiver occurs to.

There is a simple idea in [1]. The idea is precoding OFDM system. In Tx, the signal is
precoded before transmitted. And [2] enhance [1]’s method, the ideal is zero-padding in Tx.
Insert zero-value in Gl(Guard Interval) for equalizer in time-domain. The two methods are
result of good performance. But IEEE 802.1 series are not used.

In this paper of contribution is only resolved two-ray channel in Rx by the specification
of IEEE, the Tx is not varied. The occasion two-ray channel is introduced in section 1.1. And
section 1.2 describes the deep fading effect induced by two-ray channel. Finally, section 1.3
show how OFDM system is crashed by two-ray channel

1.1 Two-ray Channel

In wireless communication, the signal in TX transmitted through channel and received

in RX. If RX receives the two signals which delay n, apart and have the same attenuation,

then the channel we describe is the two-ray channel, as shown in Figure 1-1.
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Figure 1-1 Two-ray channel

1.2 Deep Fading Effect

In this paper, we define the deep fading effect which is some approximating zero or
zero values on channel frequency response. And the approximating zero or zero values on

channel frequency response are defined deep fading points.

h|n]

&/
0 n,

Figure 1-2 Two-ray channel impulse response

The two-ray channel of CIR (channel impulse response) is shown in Figure 1-2, and the

mathematic is expressed as:

h[n]=d[n]+d[n—n,] .0



Now, we transfer the CIR to CFR (channel frequency response) by FFT, shown as

Figure 1-3. Observation, there is some deep fading points over spectrum.

e¢p fading pai

Figure 1-3 Two-ray channel frequency response, H[K]

1.2.1 OFDM System

The OFDM systems may be severely distortion by two-ray channel. Because of the
OFDM (Orthogonal Frequency-Division Multiplexing) is one of multicarrier modulation
and equalization in frequency domain.

In general, the bit-stream data is modulated to tones, transmitted dataS[k]. In Rx, the
transmitted signal through pass to channel, H[K], and add AWGN, N[k], the received
signal is Y[k]. Because of attenuation of the channel on every tone should be compensated.

Therefore, the equalizer compensate for the attenuation to the estimated dataS'[k]. Above

description is in frequency domain, and express as:

Y[k] = H[K]S[k]+ N[K]
1= YIKI
= S'k] = A (1.2)
_ NIk]
— S[K]+ i

For example, Figure 1-4 show the Tx which transmitted data are all ones tones in
frequency, and this signals which through pass to two-ray channel, Figure 1-3 , is received
in Rx, shown in Figure 1-5. And then we equalize the received signal, shown in Figure 1-6.

There is two distorted points by noise enhance. Conclusion, the distorted tones are
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Chapter 2
System platform

2.1 IEEE 802.11a PHY Specification

Orthogonal Frequency Division Multiplexing (OFDM) 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.

2.1.1 Transmitter

The transmitter block diagram of OFDM specified in IEEE 802.11a proposal is shown
as Figure 2-1. The source data is first scrambled to prevent a succession of zeros or ones,
and then it is encoded by convolutional encoder, which is used as Forward Error Correction
(FEC). The FEC-encoded bit stream is punctured in order to support four coding rates, 1/2,
2/3, 3/4 and 5/6.

The interleaver changes the order of bits to prevent burst error. Then the interleaved

sequence of bit is modulated (to complex constellation points), there are four kinds of



modulations, BPSK, QPSK, 16-QAM and 64-QAM.
There are 64 frequency entries for each IFFT, or 64 sub-carriers in each OFDM symbol.
52 of them are data carriers, 4 of them are pilot carriers and the rest 8 are null carriers.

Finally, the time domain signals appended to the Guard Interval (GI) of 1/4 symbol length,

IFFT Analog

RF

are transmitted by RF modules.

Encoder

Puncture
Interleaver
Modulator

Scrambler
Convolutional

Figure 2-1 IEEE 802.11a transmitter

2.1.2 Recelver

The receiver block diagram is shown as Figure 2-2. Signals received from the RF
modules are first synchronized to recognize each OFDM symbol. Each OFDM symbol is
transformed to frequency domain by the Fast Fourier Transform (FFT). If the OFDM
symbol belongs to long preamble (described in section 2.1.3), then it is used for channel
estimation. Otherwise, it belongs to payload and is decoded by equalizer, which needs the
CFR information estimated by the channel estimation block.

After separated by equalizer, the data carriers are demodulated to bit-level stream.
Then these bit-level data stream is de-interleaved. Finally, the data stream is decoded by

FEC which includes de-puncturing, Viterbi decoder and de-scrambler.

Channel

\T: Estimation
Analog || Sync {— FFT [—{Equalizer

RF

Viterbi
Decoder

De-Scrambler I

De-Modulator
De-Interleaver
De-Puncture

Figure 2-2 IEEE 802.11a receiver



2.1.3 Packet Format

The packet format fields are shown as Figure 2-3. The OFDM training structure (PLCP

preamble), wheret tot, denote short training symbols, and each of transmitted time
1s0.8us.Thet tot, are used to signal detection, AGC(Automatic Gain Control) and, diversity
selection. The other, t,tot,, are used to timing synchronize and coarse frequency offset
estimation.

The T, and T, denote long training symbols, and each of transmitted time is
3.2us .The long training symbols are used to Channel estimation and fine frequency offset
estimation. The total training length is 16s . In this paper, the key points are the format of
long training symbol.

The PLCP preamble is followed by SIGNAL field and DATA, which data rate (RATE)

and PSDU length (LENGTH) of information in SIGNAL field.

10 Short OFDM Training Symbols 2 Long OFDM Training Symbols. Nariahle Mumber of OFDM Symbals: e
10208 =80 %08+ 2%3 2 = Bpas N8+32-dss | 08+32-t4 08+32=d40 05+32= 4o
4 - ol - ldl———————s s ¢ s s e s r s s s s ow o
Bl L Ll -t Pt —P
EA S I 0 I I I A ] i T, OI| STGNAL |G| DATAL1 |GI| DATAZ =+ + * * =+ = = = = = s + = DATAN
- r— ru . r >
™ Signal Detect, AGC,  Conrse Freq, il il "
Doversity Sefertion, Ot Eotit aiinzl and Fine Freq, RATE SERVICE+DATA DATA ¢ « o o o ¢ o 2 o o s o o o o o 4 DATA
versity Selec “stim ! 2 : sy
VRSN e - Offiset Estimation LENGTH

Timing
Synchronize

Figure 2-3 IEEE 802.11a packet format

2.2 Two-ray Channel Model

In this section, our two-ray channel model of CIR and CFR is shown in Figure 2-4. It
Is two comparable pulses which are delayed 2 units apart in CIR, and there is two deep
fading points on index 16 and 48 in CFR. It is the simplest two-ray channel model, but it

still crashes the original system, IEEE 802.11a.




T AVAW/

16 48
Channel Impulse Response Channel Frequency Response

Figure 2-5 Two-ray channel model

Figure 2-5 show carrier error rate in two-ray channel model. We can observe although

SNR approximate 60dB, there is two errors, highlight in figure, on spectrum,

Figure 2-6 Carrier error rate



Chapter 3
The proposed algorithm

3.1 Pseudo Channel Block Diagram

The pseudo channel block diagram show in Figure 3-1.

(preamble) | channel || (delay)
<+ >
G Estimator

$ e £} =‘|r

QAM f Pseudo . Quter
—*H Sync, FFT —* Decision {eedback}: Channel : |:|‘S Receaiver
unit Block Aisrieaver (FEC)
(signal) 1
({feedback) (delay)
1 (previous) i
+ E o
To
Removed Convolute De-interleaver
(signal) Redundant »  Pseudo ¥ Decision *
AWGN Channel

Pseudo Channel Block

Figure 3-1 Block Diagram

In Rx, we can class the tones into two categories, one is deep-fading tones, and another
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is non-deep-fading tones. After the “Sync.”(synchronize), if received signal is preamble,
then input the data to “Channel Estimator” for estimating CFR, and then feed CFR into
“Pseudo Channel Block”. In this paper, the channel model is fixed, and we assume the
channel estimation is accuracy.

Else if the signal is payload, then we resolve the non-deep-fading tones at first by
equalizer, "QAM Decision Unit”, and feedback resolved data to “Pseudo Channel Block”.

The remainder, deep-fading tones, is resolved by “Pseudo Channel Block™.

3.2 Pseudo Channel Algorithm Process

In Figure 3-1 below, pseudo channel process have three steps. The first step is removed
redundant AWGN. The second step is convolute pseudo channel. Final step is decision.

Before discuss the process, we have use a simple example for understanding the
algorithm easily. In Figure 3-2, we transmit p(t) and followd(t) in Tx. Because of we
focus the deep-fading tones, so the index 16, 48 are discussed in the example. Therefore, we
only descript the process by index 16. Figure 3-2 below, X, (t) is the 16th carrier in

OFDM systemand B, D,, are the transmitted data.

GI 2(t) Gl d(t)

A
4
A
v
A
A 4
A
v

WV Ay

W V\WNV\/\\MMNWVM

Figure 3-2 A sample of transmitted signal and index 16 of signal

i
:

Figure 2-5 show the two-ray channel we focus in this paper. When the 16th carrier

through pass the two-ray channel, it is effected that first path and second path delay 2 units

-10-
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and is added AWGN (Additive White Gaussian Noise). Figure 3-3 show effected signal by

two-ray channel. In Rx, the received signal is shown in Figure 3-3 below, r(t). Formal

expression is shown as:

y[n] = h[n]*s[n]+w{n] (3.1)

s[n] is the transmitted signal. y[n] is the received signal. The two-ray channel, h[n],

we defined in section 2.2. w[n] is AWGN. And the notation ‘*” means convolution.

02 02

AWGN W]
) '1 G ( 'f) M J
A ———

Figure 3-3 A sample of received signal on index 16, y,(t)

Observation, there is no signal power about transmitted data after 2 unit time and it is
only AWGN. By the general OFDM system, we get a interval signal after GI (Guard
Interval) which is only AWGN in the 16" carrier. Therefore, there is noise enhance on index

16 in two-ray channel.

3.2.1 Removed Redundant AWGN

In Figure 3-3 below, the redundant AWGN of the received signal is replaced by zeros,
shown in Figure 3-4. But the previous signal should leave the deep-fading data by feedback

signal, non-deep-fading data. And express as:

-11 -
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w"[n] = wln]x i(&[n ~80j]+5[n-1-80]]+5[n-2-80j]) (3.2)

j=0

y'[n]=h[n]*s[n]+w"n]

[\
_:
b~

“ AWGN, w'[n]
W V16(7)

=1 =

Figure 3-4 Removed redundant AWGN after 2 unit time

3.2.2 Convolute Pseudo Channel

Figure 3-5 Pseudo channel impulse response

At the first, we define pseudo channel for the two-ray channel. Figure 3-5 show the

pseudo channel and express as:
39 )
hps[n]=>(-1)'5[n-2i] (3.3)
i=0

If we convolute two-ray channel and pseudo channel, we can find the result which is

delay apart one symbol length. Shown in Figure 3-6 and express as:

-12 -
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hps[n]*h[n]
= (Z (=1)'s[n-2i)*(s[n]+6[n—2]) (3.4)
=J[n]-o[n—-80]

hps[n]*h[n]
I 80 I;‘_
0

Figure 3-6 Convolute two-ray channel and pseudo channel

Now, convolute the receiver signal and pseudo channel, shown in Figure 3-7. And the

expression is followed as:

y"[n]= y'[n]*hps[n]
= s[n]*(h[n]*hps[n]) + w,[n] (3.5)
= s[n]—s[n—80]+ w,[n]
= s[n]— p[n]+w[n]

02 02 f
AWGN ,w [n]
AG)

|

Figure 3-7 Convolute the receiver signal and pseudo channel

-13-
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3.2.3 Decision

In Figure 3-7, the rectangle show reconstruction of signal which is deep-fading by
two-ray channel. Therefore, we can decision the deep-fading signal after convolution

pseudo channel. The first, we transfer y"[n] by FFT and express as:

Y "[k]= S[k] - P[k]+W,[k] (3.6)

Then, estimate the data we resolve by previous data, P[k]. Express as:

S'[k]=Y "[k]+ P[K] = S[k]+W,[k] (3.7)
3.2.4 Noise Enhance

Observation, if we don’t execute the first step, removed redundant AWGN. The result
is also Equation 3.7. But Figure 3-8 show the noise enhance on deep-fading point, 16 and
48.

120,

100! W'[k]: no removed

o
[=]

apmyduwry

W, [Kk]: removed k A

.
L=
—
e

2 - orignal AWG

0 16 32 48 63
Carrier Index

Figure 3-8 Compare no removed and removed AWGN

-14 -
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Chapter 4
Simulation results

In this chapter, to evaluate the pseudo channel algorithm, a typical OFDM system
based on IEEE802.11a Wireless LANs, TGn Sync Proposal Technical Specification is used
as the reference design platform. The performance of proposed algorithm is simulated under
two-ray channel which we defined in section 2.2 with Additive White Gaussian Noise
(AWGN).

In the simulations, the source data of transmitted length is 1024 Bytes and use the

coding rate of 3/4 and modulation of 64-QAM. Follow as Table 4-1

Parameter Value
System Platform IEEE 802.11a
Modulation 64-QAM
Coding rate 3/4

PSDU length 1024 Bytes
Carrier frequency 2.4 GHz
Bandwidth 20 MHz
Symbol rate 250 KHz
IFFT/FFT period 3.2 s

Gl duration 0.8 15
Approx. packet duration 200 s

Table 4-1 Simulation environment

-15-
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In Figure 4-1, the no algorithm method is divergence, and only the pseudo channel
algorithm is convergence on 51dB. Additional removed redundant AWGN is convergence

on 36dB, it gain 15dB. Figure 4-2 shows the SNR vs. BER. Figure 4-3 shows the SNR vs.

PER.
5 BER vs SNR
10 ¢ T ] I D ] ] = 3
f \==No algorithm i
| =#=Pseudo channel + no removed AWGN |
‘1' |-I-F’seudo channel + removed AWGN |
10 : |=#~no multipath
divergence -
2
107+ ; )
1%
w
i)
10°-
10
10° ' = :
15 20 25 30 35 40 45 50 55

SNR

Figure 4-2 BER vs. SNR

And the SNR vs. CER by pseudo channel algorithm with removed redundant AWGN
on every carrier is shown in Figure 4-5. The influenced carrier decrease on about 30dB, and
it convergent on 36dB. In Figure 4-6, CER which no algorithm is 0.98 on 36dB. And the
pseudo channel with removed redundant AWGN of CER is 0.68. To observe, the expected

value is good to 0.68 on deep fading carriers, and the FEC enable to decode.

-16-
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PER

PER vs SNR
[

‘—No algorithm |
=#-Pseudo channel + no removed AWGN

-=-Pseudo channel + removed AWGHN
=i-no multipath

36 dB

10 '+

| | |
20 25 30

Figure 4-3 PER vs. SNR

SNR vs. Carrier Error Rate
e

Figure 4-4 SNR vs. CER by pseudo channel algorithm

with removed redundant AWGN
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CER vs Carrier Index on SNR = 36dB

0.98 deep fading channel

0.8/

o6 0.68 pseudo channel with
= removed redundant
ol AWGN

0.2

G0 10 20 30 40
Carrier Index

Figure 4-5 SNR vs. CER on 36dB by pseudo channel algorithm

with removed redundant AWGN

-18-



-19-

Chapter 5
Conclusion and Future Work

5.1.1 Conclusion

This thesis proposes a pseudo channel method. The deep fading carrier is fading by
resonance phenomenon in two-ray channel. It is all zero value by sum of peak and trough.
And then, the ADC in receiver sample zeros on deep fading carriers.

Therefore, find the remaining energy of deep fading carriers is main ideal of the
algorithm. And we find the GI have the remaining energy, but complex with previous data.
The feedback mechanism should be used for cancelling previous data.

Although, it works to reconstruct the deep fading carriers, but the noise enhance is a
big problem. Because of total energy in Gl is less than one FFT length. The SNR loss
occurs.

The removed redundant AWGN is proposed for gain SNR. And the performance gain
15dB against no removing. But there is still 23dB gap.

A common sense is up sample in ADC, and it get more non-zero values in Gl on deep

fading carrier.

-19-
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5.1.2 Future Work

The next study is enhancing performance by MIMO-OFDM system. It is simple idea
that the number of received antenna will gain the same number time of performance. But
the preliminary studying find it is better than the idea. Because of the STBC is a diversity
which changes the channel type. Therefore, the deep fading effect in two-ray channel is

destroyed and the noise enhance don’t occur or less.

-20-
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