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Abstract

This paper investigates a new approach to the atiaptof the HiperLAN/2 transceiver with multipletannas
based multiwavelet, replaced DFT-OFDM by multiwaiel OFDM on HiperLAN/2 physical layer .The new
transceiver proposed achieved, further reduce dkel lof interference and increase spectral effyethan
conventional HiperLAN/2 Transceiver. In MATLAB/ Sirtink modeling simulation proved that the performan
of proposed HiperLAN/2 baseband transceiver hagrafisant degradation in the packet (PDU or PSRthpr
rate (PER) compared to conventional HiperLAN/2 basel transceiver due to the considerable channééiso
Keywords: HiperLAN/2, OFDM,DMWT, IDMWT, MIMO, PER, C/N.

1. Introduction
The European Telecommunication Institute (ETSI)Higerformance Local Area Network Type2 (HiperLAN/2
is a system designed to give wireless accesstinthrnet and multimedia applications such akti@a video,
providing speeds up to 54 Mbps. Multiple antencas be used at the transmitter and receiver, nayelwi
termed a MIMO system. A MIMO system takes advantafghe spatial diversity obtained by spatially @egted
antennas in a dense multipath scattering environmd@tMO systems may be implemented in a number of
different ways to obtain either a diversity gaincmmbat signal fading or to obtain a capacity g@enerally,
there are three categories of MIMO techniques. Til&# one aims to improve the power efficiency by
maximizing spatial diversity. Such techniques ideuelay diversity, space-time block codes (STBCJ@rokh,
1999) and space-time trellis codes (STTC)(V. Throk998). The second type uses a layered appraach t
increase capacity (G.D. Golden, 1999). One popexample of such a system is the vertical-Bell Labmies
layered space-time (V-BLAST) architecture, wherdeijpendent data signals are transmitted over argetona
increase the data rate, but full spatial diverisitysually not achieved. The third type exploitewtedge of the
channel at the transmitter. It decomposes the @lanatrix using singular value decomposition (S\&DJ uses
these decomposed unitary matrices as pre- andiftest-at the transmitter and receiver to achieapacity gain
(Jeongseok Ha, 2002). MIMO opens a new dimensipages to offer the advantage of diversity, andefoee
has been adopted in various standards. For instdfié#O may be implemented in the high-speed downlin
packet access (HSDPA) channel, which is a path@funiversal Mobile Telecommunications System (UMTS
standard. Preliminary efforts are also underwaygdéine a MIMO overlay for the IEEE 802.11 standéwd
WLAN under the newly formed Wireless Next Genenat{®VNG) group .The implementations in practice of
OFDM in HiperLAN/2 transceiver today have been ddmeusing FFT and its inverse operation IFFT to
represent data modulation and demodulation the eqminof scalar wavelets has been exploited as wavele
modulation, multi —wavelet modulation and multidecenodulation for multi rate transmissions(N. Erdt95,
G. W. Wornell and A. V. Oppenheim, 1992, William Wanes, 1994, M. J. Manglani and A. E. Bell, 20D1N\.
Livingston and C. Tung, 1996, L. Atzori, 2002). Mwlavelet is a new concept has been proposeddente
years. Multi-wavelets have several advantages coedpa single wavelets. A single wavelet cannotspss all
the properties of orthogonality, symmetry, shopsart, and vanishing moments at the same timeabuuilti-
wavelet can (M. Cotronei, 1998, V. Strela P. N.lefelG. S m e . P. Tooiwala and C. Heil. L 1 1986},all the
priorities of multi-wavelet, a natural thought pdying it in OFDM. In (Abbas Hasan Kattoush a, 9p@ new
OFDM system was being introduced, based on MuteéB called Multi-wavelets. It has two or more lpass
and high-pass filters. The purpose of this multipfiis to achieve more properties which cannotdabined in
other transforms (Fourier and wavelet). A very imaot multi-wavelet filter is the GHM filter proped by
Geronimo, Hardian, and Massopust. The GHM basisr®f combination of orthogonality, symmetry, and
compact support, which cannot be achieved by aalasaevavelet basis (Geronimo, 1994). The GHM wél b
used in the OFDM system for error-rate minimizatinrHiperLAN/2 Transceivehas not been considered yet.
In this paper, the design of the OSTBC-OFDM systdased on DMWT, simulations results, and evaluation
tests of these proposed systems are given. In 8BG-OFDM system, three types of the transform BRd
multi-wavelet transform (DMWT) were considered. Treav proposed structures for the OSTBC-OFDM system
based on DMWT are studied for HiperLAN/2 Transceiaad for a range of modulation and coding réBesed
on a typical link-budget, the expected throughputeach scheme is computed as a function of the ftaton-
terminal separation distance. The Fourier-based MRkBes complex exponential bases functions, and was
replaced with orthonormal wavelets to reduce thellef interference. It was found that Haar-basgdamormal
wavelets were capable of reducing the ISI and Wlich were caused by the loss in orthogonality leetwthe
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carriers. In (M. J. Manglani and A. E. Bell, 20@h¢ simulation results showed the BER performaric@kbM
system with different orthogonal bases (i.e., Fedbased OFDM and wavelet-based OFDM). The sinurati
were found to have a great deal of channel depeedienthe performance of wavelet and Fourier fltérhe
main motivation for using wavelet-based OFDM forpeliLAN/2 Transceiver is the superior spectral
containment properties of wavelet filters over Rewfilters. It has been found that under certairarmel
conditions, Wavelet OFDM outperformed Fourier OFDMowever, under other channels, the situation is
reversed (e.g., the selective fading channel).nHeanperformance gains can be made by looking itorative
orthogonal basis functions and finding a bettengfarm rather than Fourier and wavelet transforhe Turrent
implementations of HiperLAN/2 Transceiver OFDM weaghieved using FFT and its inverse operation, JE&T
represent data modulation and demodulation. In ébHasan Kattoush a, 2009), a new OFDM system was
introduced based on multi-filters, called multi-vedets. This new system has two or more low-passhigia
pass filters. The purpose of this multiplicity © achieve more properties that other transformair{Ep and
wavelet) are unable to combine. The GHM basis sféeecombination of orthogonality, symmetry, and pant
support, which cannot be achieved on any scalaelgabasis. The GHM is used in the OFDM systemlbloc
(Abbas Hasan Kattoush a, 2009). In the multi-wavsédting, GHM multi-scaling and multi-wavelet fuiomn
coefficients are 2x2 matrices that must multip\ctees, instead of scalars during transformatiom.sthis
means that the multi-filter bank needs two inpwtgoThe aim of preprocessing is to associate thengscalar
input signal of length N to a sequence of lengtre@tors to start the analysis algorithm and redwaise effects.

In the one- dimensional signals, the implementatibtine “repeated row” scheme is convenient andgr In
this paper, further performance gains were madéobl¢ing into alternative orthogonal bases functi@amsl
finding a better transform than Fourier and wavéiahsforms. We determined this transform to besarete
multi-wavelets transform (DMWT). Multi-wavelets aneery similar to wavelets but have some important
differences. Wavelets may be described in the sbmtiea multi-resolution analysis. It is possibtettave more
than one scaling (and wavelet) function. This esittea behind multi-wavelets, which are a natuxpbasion of
the wavelets. Multiwavelets are designed to be k&maously symmetric, orthogonal, and have shagopetts
with high approximation power, which cannot be agkd simultaneously for wavelet using only oneingal
function. The trick is to increase the number dlisg functions to raise the approximation powentore than
one scaling function. A new proposed OSTBC-OFDM élifAN/2, the DWTM-OFDM, which is based on a
fast computation method for DMWT, is introduced this paper. This paper is focused on performance
evaluation of OSTBC HiperLAN/2 based wavelet signah physical layer improvement simulator of
HiperLAN/2 was conceived in accordance with thendtad defined by ETSI in (ETSI, 2001). This paper i
structured as follows. In section 2 the simulatidock diagram is described. Section 3 describesysanizes the
results. Finally, Section 5 concludes the paper.

2. The Simulation Block Diagram
At first, a supplied a HiperLAN/2 physical layer de, from MathWorksTM in the MATLAB® &
SIMULINK® R20013a software package, was modified ars performance measured. The new suggested
transceivers for the OSTBC HiperLAN/2 physical layeodel based multiwavelet signals in differentrotels
will be studied in this paper. The block diagramFigure 1 represents the whole system model fopgsed
design.
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Figure 1. Simulation Block Diagram

The Block diagram in Figure 1 represents the whsystem model for théliperLAN/2 transceiver based
multiwvavelet transform signals system is used faulticarrier modulation. TheHiperLAN/2 transceiver
structure is divided into three main sections: graitter, channel, and receiver: Data are generfited a
random source and consist of a series of ones arak.zSince transmission is conducted block-widgenwv
Forward Error Correction (FEC) is applied, the 9if¢he data generated depends on the block semk T$ese
data are converted into lower rate sequences vial 4@ parallel conversion the data are encodeénathe
encoding process consists of a concatenation afrev@utional Code (R.A.N. Ahmed and M. Berwick, 200
This means that the first data pass in the Conioslat encoder. It is a flexible coding process doethe
puncturing of the signal and allows different cagimtes. The last part of the encoder is a proziisgerleaving
to avoid long error bursts using tail biting CCshndlifferent coding rates (puncturing of codesrisvied in the
standard). Finally, interleaving is conducted usingwo-stage permutation. The first stage aimsvimdathe
mapping of adjacent coded bits on adjacent sulecarrivhile the second ensures that adjacent coiiedre
mapped alternately onto relatively significant bitsthe constellation, thereby avoiding long rurfslawly
reliable bits. The training frame (pilot subcarsiérame) is inserted and sent prior to the inforomaframe. The
pilot frame is used to create channel estimatioocimpensate for the channel effects on the sigred. coded
bits are then mapped to form symbols. The moduia@heme used as shown in Table.1

Table 1. Mode-dependent parameters (Angela Dou?éxi2)

Mode | Modulation | Coding RateR | Nominal Bitrates (Mb/s) CoSdueb(iaBrl;[isefer gg%?\(/lj g}'};gg{ ODFEI‘:t)T\t/IBSIt;n?t?cr)I
1 BPSK 1/2 6 1 48 24
2 BPSK 3/4 9 1 48 36
3 QPSK 1/2 12 2 96 48
4 QPSK 3/4 18 2 96 72
5 16-QAM 9/16 27 4 192 108
6 16QAM 3/4 36 4 192 144
7 64QAM 3/4 54 6 288 216
This process converts data to corresponding vaild-ary constellation, which is a complex word (j.@ith a
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real and an imaginary part). The bandwidih £(1/7;)) is divided intoN equally spaced subcarriers at
frequenciesif),k=0,1,2,...,N-Iwith Af=B/N and ,T; , the sampling interval. At the transmitter, inf@tion bits
are grouped and mapped into complex symbols. Bigystem, (QAM) with constellatiofy,,, is assumed for
the symbol mapping. The Space-time block-coded ésdeansmitted from the two antennas simultangousl
during the first symbol period=(1) for eacler. During the second symbol periodk; 2) are transmitted from
the two antennas for ea&kx. The sek = w{(N — N, f2).... (W + N, /2) — 1lis the set of data-carrying sub-
carrier indicesi¥, and is the number of sub-carriers carrying dbltés the multicarrier size; consequently, the
number of virtual carriers idl-&.. We assume that half of the virtual carriers ameboth ends of the spectral
band [21]. Both the OFDM modulator and demodulatathe DMWT-based OFDM are shown in Figure 1. The
training frame (pilot sub-carriers frame) are insérand sent prior to the information frame. Thilstframe is
used to create channel estimation, which is usetitgpensate for the channel effects on the sigoatodulate
spread data symbol on the orthogonal carriers, -poilt Inverse multi-wavelet Transform IDMWT is ukeas
in conventional OFDM. Zeros are inserted in sonmes laif the IDMWT to compress the transmitted speatru
and reduce the adjacent carriers’ interference. aidded zeros to some sub-carriers limit the bantthwod the
system, while the system without the zeros padéhapectrum that is spread in frequency. The las¢ s
unacceptable in communication systems, since amétaion of communication systems is the width of
bandwidth. The addition of zeros to some sub-carmneeans not all the sub-carriers are used; oplgtibsetiy.)
of total subcarriers ;) is used. Therefore, the number of bits in OFDNhbygl is equal tolag, (M)* ..
Orthogonality between carriers is normally desttbydien the transmitted signal is passed througbketsive
channel. When this occurs, the inverse transfoonatt the receiver cannot recover the data thatreasmitted
perfectly. Energy from one sub-channel leaks intwers, leading to interference. However, it is jjuesto
rescue orthogonality by introducing a cyclic prefo®). This CP consists of the finasamples of the origind
samples to be transmitted, prefixed to the trariethisymbol. The lengthr is determined by the channel’s

impulse response and is chosen to minimize IShdfimpulse response of the channel has a leng#ssfthan
or equal tov, the CP is sufficient to eliminate ISI and ICl.€Téfficiency of the transceiver is reduced by adiac

ofﬁ; thus, it is desirable to make thes small oK as large as possible. Therefore, the drawbackiseo€CP

are the loss of data throughput as precious banbdugdvasted on repeated data. For this reasatinfiranother
structure for OFDM to mitigate these drawbackseasassary. If the number of sub-channels is suffiidarge,
the channel power spectral density can be assunneally flat within each sub-channel. In these dgpof
channels, multicarrier modulation has long beendkmio be optimum when the number of sub-channdbrig.
The size of sub-channels required t approximatémyph performance depends on how rapidly the channel
transfer function varies with frequency. For prasedcomputation of DMWT and IDMWT, which is explaih
in detail in [], is used. After which, the data eented from parallel to serial are fed to the clmmodels. After
this, the data converted from the parallel to #véas form are fed to different channel modelsthis model a set
of five channels was chosen to address three diffelerrain types that are typical of the continéhtS. The
parameters for the model were selected based upoe statistical models. The tables below depict the
parametric view of the five channels more informatabout channel models in Table.2

Table 2. Channel models (Angela Doufexi, 2002)

Name | RMS Delay Spread | Characteristic | Environment
A 50 ns Rayleigh Office NLOS
B 100 ns Rayleigh NLOS
C 150 ns Rayleigh NLOS
D 140 ns Rayleigh LOS
E 250 ns Rayleigh NLOS

The receiver performs the same operations as #msrtitter, but in a reverse order. In addition, tivalvelet
OFDM includes operations for synchronization anthpensation for the destructive channels.

3. Simulation Results of the Proposed Design:
The PHY layer simulation results take the form atlet (PDU or PSDU) error rate (PER) vs. averadgé Gf
this part the simulation of the modifiétiperLAN/2 transceiver based wavelet transform signals strediased
OFDM-DWT and comparing with OFDM-FFT system is askid, beside the BER performance of the modified
OSTBC HiperLAN/2 transceiver structure considered in five channedef®m Figures (2-8) presents the
compressions performance results between OSTHBERrLAN/2 transceiver based Fourier and wavelet
transform signals for the different modes of OSTBperLAN/2 vs. average C/N for channel model A.
Channel model A is typical of large office enviroamts with non-line of- sight (NLOS) propagation.tBléhat
similar results have been observed elsewhere (F2000) . It can be seen that the C/N requiremeareases for
modes 1, 3, 2, 4, 5, 6, and 7 correspondingly. dégradation in performance in mode 2 (BPSK 3/4)us to
the fact that the punctured Convolutional code da#scope well with the lack of frequency diverditychannel
A. Errors due to large and deep fades in the fregueomain are difficult to correct using this co8&ce mode
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2 is inferior to mode 3 in terms of both C/N coratitand data rate, it is extra for operation inroted A or like
conditions. A reasonable point of operation forksaervices without delay restriction can lie iRBR of10~?
percent (J. Khun-Jush et al, 1999, A. Doufexi et24l01). Performance comparison results between two
structures in channel A for all modes found in EaBl

~-| =@=2T/2R OFDM-FFT
“| == 2T/2R OFDM-DMWT

PER

C/N dB

Figure 2. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 1

Mode 2

== 2T/2R OFDM-FET
—@— >T/2R OFDM-DMWT

PER

C/N dB

Figure 3. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 2
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Figure 4. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 3
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Figure 5. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 4
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Figure 6. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 5
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Figure 7. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 6
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Figure 8. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in channel A for mode 7
Table 3. PER Performance comparison between caovahtOSTBCHiperLAN/2 and modified
OSTBC HiperLANZ2 in channel A for all modes

Channel Mode 1 | Mode 2 | Mode 3 | Mode 4 | Mode 5 | Mode 6 | Mode 7
For PER=10"? dB dB dB dB dB dB dB
OSTBC
2T/I2R
HiperLAN/2
OFDM-FFT
OSTBC
2T/2R
HiperLAN/2
OFDM-DMWT

8.4 10.5 13.8 16 18.2 22.4 275

2.5 3.5 6 8.8 10.2 13.2 19

Figures (9-13). Shows PER performance vs. meanf@/mode 5 for all the specified channels for carienal
HiperLAN/2. It can be seen that as the delay spread incretmegerformance is improved in the Rayleigh
channels until the delay spread becomes so laagel$h and ICI become limiting factors (as is these for
channel E). Channels B, C, and D have increasibhgtier performances than channel A due to the asee
frequency diversity of the channels. As probablgmmel D has somewhat better performance than eh&hn
because it is modeled as a Rician channel. In eldhthe excess channel delay is much larger thamgtard
interval. As a consequence, ISI cannot be complelehinated.
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Mode 5 for Channel A
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Figure 9. PER performance vs. mean C/N comparistwden modified and conventional OSTBC
HiperLAN/2 in mode 5 for channel A

Mode 5 for Channel B
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Figure 10. PER performance vs. mean C/N compabstween modified and conventional OSTBC
HiperLAN/2 in mode 5 for channel B
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Mode 5 for Channel C
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Figure 11. PER performance vs. mean C/N compabstween modified and conventional OSTBC
HiperLAN/2 in mode 5 for channel C
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Figure 12. PER performance vs. mean C/N compabstiween modified and conventional OSTBC
HiperLAN/2 in mode 5 for channel D
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Figure 13. PER performance vs. mean C/N compabstween modified and conventional OSTBC

HiperLAN/2 in mode 5 for channel E

Table 4. PER Performance comparison between caovahtOSTBCHiperLAN/2 and modified
OSTBC HiperLAN for mode 5 in all the specified channels

Channel Channel | Channel | Channel | Channel | Channel
For PER=10-1 A B c D E

OSTBC

2T/2R

HiperLAN/2 185 175 14.9 13 11.5
OFDM-FFT

OSTBC

2T/2R

HiperLAN/2 9.9 8.2 5.8 3.9 2.9
OFDM-DMWT

A number of significant results can be taken froabl€s 3, 4; in this simulation, in most scenar@§TBC
HiperLAN/2 based OFDM-DMWT system was better than the comnwealt OSTBCHiperLAN/2 based OFDM-
FFT. The OSTBCHiperLAN/2 based OFDM-DMWT system proved its effectivenesscambating the
multipath effect on the all channels.

4. Conclusion

This work has presented the performance evaluatianOSTBC HiperLAN/2 physical layer model in siratgd
in different channel models is considered. By satiagh we have concluded that the modes definisogfficient
to provide high data rates in accordance with thk fuality. And the use of OFDM-DMWT in OSTBC
HIPERLAN/2 transceiver can be a new domain to laited representing an improvement in the perforcea
An important reason for the consideration of OFDMMYT is that these schemes are attractive to achiaweh

lower PER and better performance than OFDM-FFT. Pheposed OFDM-DMWT system is robust for

multipath channels and does not require cyclicptigfixed guard interval, which means that it otgalmgher
spectral efficiency than conventional OFDM .A figuipgraded of this work is the implementation otrer

OSTBC HiperLAN/2 physical layer model in order take possible to evaluate good performance that this

technique can offer.
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