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Abstract: This paper presents the design and the realizafien correction and equalization must be taking intosideration
hybrid wireless Gigabit Ethernet indoor communizasi system for the overall system design.
operating at 60 GHz. As the 60 GHz radio link opesaonly in a ) ]
single-room configuration, an additional Radio oWber (RoF) Table 1 Summary of experimental 60 GHz radio systems

link is used to ensure the communications withirtre rooms of a Wigwam IBM NEC Motorola
residential environment. The system uses low coxityl®aseband (2005) (2006) (2002) (2004)
processing modules. A byte synchronization techmiigudesigned Technologies0.25 um 0.15 um 0.13 um AsGa

to provide a high value of the preamble detectiybpbility and a SiGe AlGaAs/ SiGe

very small value of the false detection probahil@pnventional RS BICMOS  InGaAs HIFET BiCMOS

(255, 239) encoder and decoder are used for chéomedrd error Modulation OFDM OFDM/QPSK  ASK OOK
correction (FEC)The FEC parameters are determined by the trade- IQPSK ASK, MSK

off between higher coding gain and hardware conigylefhe Keywords LNA, PA, LNA, PA, Mod/demod k/INA PA,
results of bit error rate measurements at 875 Mibppresented for Mixer, PLL  Mixer, LO Filter, LNA,  VIXET,

. . . Multiplier
various antennas configurations. _ doubler P
Intermediate 4,5-5,5 GHz 9 GHz - -

Keywords: Wireless communications, 60 GHz system, high biEreer?our(ra‘:;r)]/ce 250 Mbps 630 Mbps, 1,25 Gbps 3,5 Gbps
rate, DBPSK modulation, synchronization, BER. 1m OFDM-10m 7m 3m
1 Gbps, ASKinr
1. Introduction This paper proposes a hybrid communication system

derived from the simplified IEEE 802.15.3c physi¢@HY)
layer [8] to ensure near 1 Gbps data rate on thmtairface.
The first system application in a point-to-poinhéiguration
4 the high-speed file transfer. The system musrate in
indoor, line-of-sight (LOS) domestic environments.

The rest of this paper is organized as follows.tiSes 2
and 3 describe respectively the transmitter andre¢lceiver
block diagrams. In these sections, the radiofrequeRF)
architecture is first presented. Then, the basebiouks are
described. The byte/frame synchronization methaab a$
discussedMeasurement results and analysis are respectively
presented in sections 4 and 5. Section 6 conclingesork.

The massive use of high quality multimedia appio# such
as high definition video streaming, file transfexdawvireless
Gigabit Ethernet explains the need of 1 Gbps oler
throughput. One of the most promising solutionadhieve a
gigabit class wireless link is to use millimeterwea (MMW)
for the carrier frequency. Due to the large progiagaand
penetration losses, 60 GHz Wireless Personal Astavdiks
(WPANS) are primarily intended for use in shortgarand
single room environments. In addition to the higtiadrates
that can be achieved in this frequency band, tH® raaves
propagation at 60 GHz has specific characterisifésring
many other benefits such as high security and &eqy re-
use.

High frequency and even MMW analog communicatio
circuits, which were traditionally built on more pensive Figure 1 shows the block diagram of the realizedgmitter
technologies such as bipolar or Gallium ArsenideA§), are (Tx) system.
progressively implemented on CMOS. Table 1 sumreariz

& Transmitter design

some experimental previous works about the realize a

transceiver operating at 60 GHz [1], [2]. Different e

architectures have been analyzed in order to dpvelw == .. 1135 Gz § RF 60 GHz
. . . . . | GE ! [ Differential | — 0

MMW communication systems for commercial applicasio .55 ey i

804 Mbps

[3]-[7]. The selection of a modulation scheme ipranary :
consideration for any wireless system design arsdahlarge | °1
impact on the system complexity and power consionpis
well as issues such as amplifier linearity, andliasor phase manager
noise. Moreover, to determine the appropriate systesign I
at 60 GHz, wireless channel characteristics mustwb#

understood. This includes path loss, material a#gon, .

multipath effects, and antennas [3], [4]. Henceheot o

considerations such as synchronization, coding/erro Figure 1. 60 GHz Wireless Gigabit Ethernet transmitter

! 875MHz
|

Clock




International Journal of Communication Networks &mfdrmation Security (IJCNIS)

The system uses a single carrier architecture basea
Differential Encoded Binary Phase Shift Keying (DB
modulation. A differential encoder is used befdre BPSK
modulation to remove the phase ambiguity knowinat th
differential demodulation is used at the receiv&x)(
Compared to higher order constellations or OFDMesys,

RJ45
- - - - .
this system is more resistant to phase noise amiempo feedoack| 2

amplifier (PA) non-linearities. OFDM requires largack-off
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Clock at 804.32 69 MHz

| T T T T T sma — 1
GigaEthernet Tx |
8
I ow L2 ]
! i -
——| RJ45
to N T

T
I

Dual !

server I
I

]

FPGA Xilinx

PHY virlex 5

for PA, high stability and low phase noise for Ibca

oscillators. Furthermore, the implementation of iagle-
carrier system is simple.

2.1 Radiofrequency ar chitecture

After channel coding and scrambling, the input date
differentially encoded using logic circuits (PECLThe
differential encoder performs the delayed moduladdition
of the input data bitxwith the output bit yas in (1).

Yn+1 = %o O Y 1)

Figure 2. Transmitter Gigabit Ethernet interface

The Gigabit Media Independent Interface is an fater
between the Media Access Control (MAC) device amal t
physical layer (PHY). This interface defines daites up to
1 Gbps, implemented using byte data interface &tNRiz.
However, this frequency is different from the clodita
(104.54 MHz) generated by a clock manager, as equla
latter. This clock asynchronism provides data patkes. In
order to avoid jitter, a programmable circuit (FPG#used

The obtained data are used to modulate an inteateedias part of buffers memory.

frequency (IF) carrier generated by a 3.5 GHz pheasked
oscillator (PLO) with a 70 MHz external referendée IF
modulated signal is fed into a band-pass filter KBRith 2

GHz bandwidth and transmitted through a 300 m aptic

fiber link. This IF signal is used to modulate therent of

the Vertical Cavity Surface Emitting Laser (VCSEL)

operating at 850 nm. In order to avoid signal digtas, the
power of the VCSEL input signal must not exceedB&n. A
300 m multimode fiber with a bandwidth-length protof
about 4000 MHz.km is enough to cover the bandwaitt
the distance range. After transmission via the rfitbe
optical signal is converted to an electrical sighgla PIN
diode and amplified. The overall RoF link has Ogin and
an 8 GHz bandwidth.

Following the RoF link, the IF signal is sent tcetRF
block. This block is composed of a mixer, a frequemipler,
a PLO at 18.83 GHz and a band-pass filter (59-6%)GFhe
frequency of the local oscillator is obtained with 18.83
GHz PLO with a 70 MHz reference and a frequengyleri
The phase noise of the 18.83 GHz PLO signal is abbl0
dBc/Hz at 10 kHz off-carrier. The upper sidebanddkected
using a BPF. The BPF prevents the spill-over irdaeent
channels and removes out-of-band spurious sigaaised by
the modulator. The 0 dBm obtained signal is fed the 22.4
dBi horn antenna with 1Qfrtical half-power beamwidth and
12° horizontal half-power beamwidth (HPBW).

2.2 Baseband ar chitecture

The Gigabit-Ethernet interface is used to connettome
server to the 60 GHz wireless link with around 830ps bit
rate, as shown in Figure 2.

The transmitter baseband architecture is showrngaré 3.

FPGA Xilinx Virtex 4

Select T .
Pattor s : RS (255,239) Tx
Encod

g FFo |8 | Scrambler PIS

D= 804 Mbps ! | |
Encoding { |

T T Control || |

|

I

"
fl 2

D =875 Mbps

|
Y
41239 [16

1 frequency of parallel information bit rate = 100.54 MHz
12 : frequency of parallel channel bit rate = 109.37 MHz

|
|
|
|
|
|
L
(Ee - ) |

|
|
|
|
|
|
v
239 bytes | 239 bytes

Figure 3. Transmitter baseband architecture

The data bytes from the Gigabit Ethernet interface
directly transfered into the dual port FIFO mem¢iye to
the byte streams of the RS encoder). Otherwiseinfhe bit
stream is paralellized by a serial-to-parallel {S/&hverter.

The frame format consists of 4 preamble bytes, @3@
burst bytes, 16 check bytes and a “dummy byte’hasva in
Figure 4. The dummy byte is added besides 4 preajés
to obtain a multiple of 4 coded data length uséful the
scrambling operation.

A known preamble is sent at the beginning of eaamé
in order to achieve the frame synchronization atréteiver.
The used preamble is a Pseudo-Noise (PN) sequdr® o
bits + 1 bit to provide 4 preamble bytes.

Frame 1

Dummy byte
0= [d(1)d(2)..d(8]]

256 bytes
Data burst o scramble (using 4 bytes of scrambler)

Frame 2

PHY preamble 4 bytes
P=[P(1)P(2)..P(32)]

Frame paylod
239bytes

PHY preamble 4 bytes
P=[P(1)P(2)-.P(32)

Figure 4. Frame structure
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Hence, owing to the frame structure and the byeratjpn, For each value of k, the cross-correlation is repnéad for 1
two different clock frequencies, ind £ are used in the < i < 8. All the results are analyzed to identify thestbe

baseband blocks: dummy byte which gives the lowest cross-correlatialues.
F = The best result is obtained for k = 64 which gides [0 0 0
f1:§1=100-54 MHz, fz:§2: 109.37 MH. 0 0 0 10]. For k = 64, the cross-correlation fdffedent

where: possible shifts (¥ i < 8) is shown in Figure 6.

Correlation for k = 64

F2=E=875 MHz andi=2—39
4 F, 260

The frame structure is obtained as follows: byteashs are
written into the dual port FIFO memory at 100.54 #Hhe
FIFO memory has been set up to use two differentkcl
frequencies for writing at;fand reading at,f Therefore,
reading can be started when the FIFO memory isfathlin

order to avoid the under/overflow of the FIFO meyndrhe

encoding control generates 4 preamble bytes (ratessed
by the RS encoder) and reads 239 bytes. The RSdenco .
reads one byte every clock period. After 239 clpekiods, ' i

the encoding control interrupts the bytes transfiging 17 Figure 6. Cross-correlation between P and T Kor 64

clock periods. During this interruption, 4 preambiges are h ) lation | |0 16. Taise |
added; the encoder takes 239 data bytes and app#énds € maximum cross-correlation is equal to 16. €IS

L obtained twice; all the other values are smalldrer&fore,
control byt_es to make a code word of 255 bytesddition, this optimal byte gives the smallest value of theYP
the encoding control adds the dummy byte for tharzzed preamble false detection probability
scrambling operation. In all, the number of datdexbbytes :

iq th ble b . o6l Long sequences of '0" or '1' must be avoided flabie
(excepting the 4 preamble bytes) is 256, a multipié. operation of Clock and Data Recovery (CDR) cir@atithe

The additional dummy byte d = [d(1) d(2) ... d(8)] isreceiver. Therefore, the use of a scrambler atrévesmitter
determined in order to obtain the lowest value bé t and a descrambler at the receiver is essentiae sErambler
maximum cross-correlation between the preamble ®Tan s 3 PN-sequence of 31 bits + 1 bit to obtain 4syiThis

135 ———— 7= == —— == — = — — — —

Y T A

8

given by (2) and (3), where: scrambler is chosen in order to provide the lowasss-
P=[P(1) P(2)..... P(32)] (2) correlation values between the received data amdtthytes
and PHY preamble. This method reduces the number ckfal

_ r NPT detections of the PHY preamble within the scramldath.
T=1d(©)... d®) d1) PA) P(2) ... PE2-)].Li<8. (3) The received byte stream is finally parallel-toise(P/S)
We note k = d(8)*2+d(7)*2%+...+d(2)*2+d(1), 0< k< 255. converted just before the differential encoder.
Therefore, for each value of k, a different frameadier is
obtained. The maximum value of the cross-correfatioy Receiver design

between P and T is computed: ) ) ] )
Figure 7 shows the block diagram of the realizezkirer

Mcor(k) = mia>{ sum(F] 1}) (4)  system. The system architecture uses a simple oberent
This value is presented in Figure 5 as a functibk.cThe ~demodulation at the receiver.

minimum of the maximum cross-correlation valuelisaned

for several values of k.
RF 60 GHz IF 3.5 GHz

b

CDR

20

&

19.5

PLO 18.83 GHz

TTTTTTTTTTTTTTTTTTTTTTTTTTTTT T 875MHZJ. B75JMbps
I |

804 Mbps | f T
G.E Synchro/ | f; Clock

70 MHz

| L
| Interface 3| FEC decoder ;-\ | manager

= ! ;

LorGA |

Baseband

Figure 5. Maximum correlation between P and T Figure 7. 60 GHz Wireless Gigabit Ethernet receiver
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3.1 Radio frequency ar chitecture The preamble detection is based on the cross-atioel
The input band-pass ﬁ|ter, after the Rx antenamaves the between 32 successive received bits and the iht8éhaits
out-of-band noise and adjacent channels interferefice RF  PHY preamble. In fact, this preamble detectionesfgrmed

signal obtained at the filter output is down-contedrto IF =

within a FPGA by using a byte stream in order twuee the

clock

the

3.5 GHz and fed into a band-pass filter with 2 GH#ata frequency. Because serial-to-paralle
bandwidth. An Automatic Gain Control (AGC) with aconversion realized by the multigigabit transceieérthe
dynamic range of 20 dB is used to ensure a quasitant FPGA is arbitrary, a byte-synchronization must
power level at the demodulator input. A Low Noisg?€rformed. Therefore, 8 identical correlators asedu In

be

Amplifier (LNA) with a gain of 40 dB is used to aeke
sufficient gain. The differential demodulation elesb the
coded signal to be demodulated and decoded.

Compared to a coherent demodulation, this methdess
efficient in additive white Gaussian noise (AWGMNjaanel.
However, in the presence of frequency selectivepggation
channel, the differential demodulation is more ibto
multi-path  propagation which induces
interference (ISI). Indeed, the differential demiador is
realized with a delay line (Ts = 1.14 ns) and aemix hen,
due to the product of two consecutive symbols, e
between the main lobe and the second lobes ofntbelse
response of the channel is increased. This opearatiproves
the Signal to Noise + Interference ratio (SNIR)ll®wing
the differential demodulator, a Low-Pass Filter ) Rvith 1
GHz cut-off frequency removes
components of the obtained signal.

3.2 Baseband ar chitecture

Figure 8 shows the receiver baseband architectine serial
data (after the CDR) are converted into byte steeam

Dual port
Fllko

o bis (o BRR

detector

Fl_Rx Byte |8 8 | RS (255239)
alignment ﬁDescramblar Decoder

1

Preamble
detection

|
! D =804 Mby
D=875Mbps | | =9 Nops

|

|

I ! | g

| T t GE
T Interface
+ 7 f

2 A[1] 239 | 16| [239 bytes | 239bytes

FPGA Xilinx Virtex 4
Rx

l

1+ frequency of parallel information bit rate = 100.54 MHz
12 frequency of parallel channel bit rate = 109.37 MHz

Figure 8. Receiver baseband architecture

Figure 9 shows
architecture.

the physical

bo b1 b2

8

| b31 b32 | b3: b34 | b35 I b36 | b37 Ilﬂﬂ | H ‘

Correlator 0 A

32bits

Correlator 1
32 bits

AL

Correlator 2 ; i ; ; 0
32 bits ‘ ! ‘ !

i
Correlator 3 | ! ! ’
i 0 7 0
|
i

32 bits
i i i
| i

orrelator ! !
32 bits T 0

i i i

Correlator 5 ! !
32 bits. T T 0

i I

orrelator 6 |
32 bits ° 0

i
Correlator 7 0

32 bits

Figure 9. PHY Preamble detection architecture

intersymbol

the high-frequency

preamble detection

addition, each correlator must analyse a 1-bit testhif
sequence of 32 bits. Hence, the preamble detedton
performed with 32 + 7 = 39 bits (+ 7 because ofed#nt
possible shifts of a byte). In all, there are &@ators of 32
bits within each correlator-bank, as shown in Fegl.

Input Datal

Correlator C,

39 bits «00010000"

Correlator C4 8 bits

Correlator C;

Correlator-bank 0

Register

Threshold &
periodicity ckeck

Correlator Cy

« 00010000

39 bits Correlator C,

- 8 bits
Correlator C;

[
S
s
2
g .
nd
&
o
l
=
-

Unaligned
data

15 bits Control

alignment

8 bits/i'

Figure 10. Preamble detection with periodicity and control
alignment

Aligned

Preamble
data

detection

Further, in order to obtain a very low preamble amis
detection probability, the periodical repetition the PHY
preamble is taken into consideration. The decisdomade
from two successive PHY preambles (preamblel +d86
bytes + preamble2) stored in a register. If theapiae
detection is indicated in each correlator-bank lhy same
correlator G, the operation is validated.

Each value of the correlation between the preamble
and the received data (32 bits) is compared to the
threshold to be determined. Threshold setting péays
important role because the performance of the
proposed system is based on the reliable byte/frame
synchronization. The framgynchronization performance

is characterized by the miss detection probabHty the
false alarm probability jFand the channel error probability p,
as described in [9]. Figure 11 shows the miss tietec
probability of the PHY preamble as a function of The
maximum setting threshold S = 32 is equal to theimam
cross-correlation between the PHY preamble (32) laitsd

the received data (32 bits)This maximum cross-
correlation is obtained when the preamble of the
received frame has no error.
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Figure 11. PHY preamble miss-detection probability

The byte/frame synchronization also depends orfaise
alarm events. Occasionally, due to the random gahiehe
binary transmitted data, the architecture showFRigure 10
can falsely declare that the preamble is detedted.this
reason, the threshold is chosen in order to obtanbest
trade-off between a high value of the detectionbphulity
and a very small value of the false alarm probghbil false
alarm is declared when the same correlatagroiChe two
correlator-banks indicate the detection of the mitda within
two successive bursts of 256 data bytes. Figurehb®s the
preamble false alarm probability for p =40
Thus, by taking into account the periodical repatitof the
preamble, we obtain:

« forp=10%and S = 27, Pm 10° and Pt 2*10™,

« forp=10%and S = 28, Pm 3*10° and Pf= 10",

As can be seen, the best trade-off is obtainea fhreshold
setting S = 28. The simulation of the preamble cete
shows isolated miss detection events. This observaan be
used to further improve the reliability of the bftame
synchronization. Indeed, the decision of a preartdds can
be taken when 3 successive PHY headers are nateigdte

40
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Figure 12. False alarm probability of PHY preamble
detection with one/two blocks of correlators

After the byte alignment and the preamble detectiba
descrambler performs the modulo-2 addition betwden
successive received data bytes and the 4 bytesisiena The
RS decoder processes the descrambled bytes antptsto
correct the errors. The RS (255, 239) decoder oamect up
to 8 erroneous bytes and operates at a high clecjuéncy
(f, = 109.37 MHz). The byte streams obtained at tlrodier
output are written discontinuously in the FIFO dygairt
memory with the clock frequency. fThe other frequency £
100.54 MHz reads out continuously the data bytesedtin
the FIFO dual port memory. Then, the byte streamts a
finally transmitted to the Gigabit Ethernet intexda as
depicted in Figure 13.

— e — —— — — — — — — — —

| o
Tx o terminal
T
14
from g Dala Ry | g Rj35 ':
baseband Rx 4 7| FPGA Xilinx = Bl
IDE virtex 5 | P:?(
CLK Tx !
> = RJ45
55 ! Ja l—b
H feedback
e e e e e e e e e e e — — —

Figure 13. Gigabit Ethernet interface

Due to the low transmission rate for the returik,lianother
system such as Wi-Fi or an Ethernet cable can &é. us

4. Measurement results

A vector network analyzer (HP 8753D) was used to
determine the frequency response and the impulgmnse

of the both RF blocks (Tx + RXx) including LOS chahn
using horn antennas. In this good propagation ¢immdi, the
measured response allows to estimate the systedwitth
and the RF components imperfections. The measutemen
were realized in a corridor with approximate dimens of
15x2.4x3.1 m3 where the major part of the trangdifiower

is focused in the direction of the receiver. The R¢and
RF-Rx blocks were placed at a height of 1.5 m anti0am

new byte/frame synchronization can be declared when gistance. After measurement set-up and calibratian,
same correlators (Cof each correlator-block indicate 3frequency response of 2 GHz bandwidth is obtaires

successive preamble detections.

shown in Figure 14 (a).
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From this eye pattern, the recovered data can benell
distance T-Rx = 10 it by sampling at half-period in order to be noiseistast.
Figure 16 shows the measured BER results at 875Mbm

function of the Tx-Rx distance. In our experimefaur
Q antennas were used: two horn antennas and two patch
9 antennas. Each patch antenna has 8 dBi gain with 30
5 HPBW.
(o
%]
o
> 10°* w
8 + antennas horn Tx & patch Rx
=] ==H= antennas patch Tx & patch Rx
g’_ antennas horn Tx & horn Rx
L 10'6 L. _____y_'______ _ Tz e —|
|
1
Frequency (GHz A R A : ,,,,,,,,,,, _
@ 1
|
distance Tx-Rx =10 m !
100 o __ I _____ |
e |
, PR T S N S SR S :
3 | | | | |
PSP F S S U (O A B [ T R ! J
| I ] | -12 |
é R R S o . 10 15
2 | | | | Distance(m)
N IR U U [ A [ R R
= | | | | . . .
2 [ S A B Figure 16. BER performance at 875 Mbps (without coding)
a I I I I
Eoopd b N R N
o 5. Discussion
B e B e i
| | | |
TR TSR re——ra— The results show that the use of high-directivitgrr
Time (ns antennas gives a remarkable BER performance arathgre

reduces the harmful effects of the multipath prepiag.
Figure 14. (a) Frequency response and (b) Impulse responJeis leads to a link budget improvement as highi%agiB,
compared to patch antennas. The system with high ga
directive antennas is acceptable for point-to-peireless
communications links, with minimal multipath interénce.
However, a 60 GHz radio link is sensitive to shamhowdue
to high attenuation of the non line-of-sight (NLOS)
propagation. Hence, when directive antennas aré, usee
rt]he direct path is blocked by moving obstacles, the

e o
communication can be completely lost. Furthermdie

A perfect system must have an impulse response avitj
one lobe. As shown in Figure 14 (b), the measungoulise
response presents some side lobes which are ndelyto
RF components imperfections. A back-to-back test alao
realized. The Tx and Rx antennas were used with aB!
fixed attenuator at 60 GHz. Similar results for frequency
and impulse responses were obtained, confirming t

revious assumption. : .
P P Tx-Rx antennas have to be aligned; otherwise thembe

Moreover, in order to evaluate the transmlssmaoiming errors will cause an important reductioh tbe
performance, a HP70841B pattern generator was USGdcommunication quality due to an increased BER. [FO6

generate pseudo-random sequences at the trarjsemtﬂea and point-to-point configurations, the use of achantenna
HP 708842B error detector at the receiver. Afte]r

. _ - or the receiver has the advantage to assure aoriamt
demodulation, the eye pattern is shown in FigureThe eye

AU o ; angular coverage, which significantly reduces the
opening indicates a good transmission quality & Bibps misalignment errors. However, if antennas beamwidth
for 10 m Tx-Rx distance.

large, equalization should be adopted to overcdraartulti-
path interference at a high data rate[10].

In order to improve the system reliability, the w®oof a
centralized transmitter, preferably located ondéeter of the
room ceiling must be considered. The height of the
transmitter (with less directional antenna) canlpaeduce
the influence of the shadowing. The different reees
forming the network could be equipped with morediional
antennas, pointed toward the transmitter. It hasnhbw®oted
that the use of a directional receiving antennmtisresting
for its gain and the reduction on the multipathpgagation
effects. In this configuration, only the contritmrti of the
Figure 15. Eye diagram from 875 Mbps demodulated signatiirect path is sought, and classical single camedulations

(10 m Tx-Rx distance) could be used.
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The previous measurements were performed in adoorri [6] N. Guo, et al., “60-GHz Millimeter-Wave Radio:

In a large hall, the power of the received sigraal be lower Principle, Technology, and New Result£JURASIP

and thus significantly affects the quality of the Journal on Wireless Communications and Networking

communication link. Future work will provide BER 8 pages, September 2006.

measurement results (with channel coding) in diffier [7] S. K. Young, C. C. Chong, “An Overview of

indoor environments. Multigigabit Wireless through Millimeter Wave
Technology: Potentials and Technical Challenges”,

6. Conclusion EURASIP Journal on Wireless Communications and

. _ _ . Networking Article ID 78907, 10 pages, 2007.
This paper presented the design and the impleniemtat a [8] R. Funada et al., “A design of single carrier baBetY

60 GHz communication system for WPAN applications i for IEEE 802.15.3c standardProc. of the IEEE
point-to-point or point-to-multipoint configuratisn The PIMRC 2007 3-7 September 2007.
proposed system provides a good trade-off betwe¢®] H. Urkowitz. Signal Theory and RandorRrocessg
performance and complexity. An original method us$ed Artech House, pp. 505-542, 1983.
the byte and frame synchronization is also desdrifidnis [10] D. Falconer et al., “Frequency Domain Equalizafion
method allows a high preamble detection probabditg a Single-Carrier Broadband Wireless SystemtZEE

very small false detection. For 1 Ghips reliable  Communications Magazingp. 58-66, April 2002.
communications within large rooms, the transmittiagd
receiving antennas must have a relatively high.gain
Increasing the data rate (1,75 Gbps) can be adhiesiag
higher order modulations such as QPSK. Implememtadf
frequency domain equalization methods is still unstedy.
The system will be further enhanced to prove tlasifglity
of reliable wireless communications at data ratesewveral
Gbps in different configurations, especially in niime-of-
sight (NLOS) environments.
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