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In conventional communication systems, the arrival of reflected waves via
different path lengths causes constructive and destructive interference at the
receiver, degrading the system’s performance. In systems using very short
pulses, such as in UWB systems, these reflected waves are received without
interfering with each other. However, in such systems, the propagation
characteristics of high-rate UWB transmission show that the dispersion is too
great and may cause interference with adjacent UWB pulses, but the short

transmission pulses in such systems are relatively immune to multipath
effects.

In UWB systems, a very high data rate can be supported, due to the large
bandwidth, but the power spectral density of UWB transmission is extremely

low, even below the noise level. The total power emitted is a fraction of a
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is transmitted in serial node. To keep the constﬁ
by kyand thaidelay is (k-1) times the coherence time. However, this kind of
repeat transmission scheme is highly impractical for many systems, due to the
potentially high data rates. Moreover, high rate communication systems have
a significantly higher number of paths and so may not give much improvement

in system performance, considering system capacity and resource allocation.

In frequency diversity, the same signal is transmitted using N different
frequencies, with frequency separations larger than the coherent bandwidth of
the channel. This approach also expands the required bandwidth by N and it
requires extra circuitry for the (N-1) modulators and demodulators if the data
stream is transmitted in serial mode. To keep the constant data rate with

alternative arrangements, the incoming data is streamed into several (in this



alternative arrangenents, the incomng data is
streaned into several (in thiscase, N) parallel data
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The diversity combining methods discussed above are severely limited for
systems with comparatively low data rates. When the data rate is increased,
the number of resolvable multipaths increases considerably. Due to resource
limitations, the receiver hardware cannot process all multipath components
satisfactorily. This limitation will increase the multipath interference and
considerably affect the system capacity.



diversities are highly inpractical for high rate
systens due to the limted avail abl e resources.
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uses ultra wideband pulses with a low duty cycle to achieve higher data rates.
Incorporating space diversity in the transceiver structure can increase the
data rate further, but the above limitations for space diversity are applicable
for UWB systems as well. These limitations are more significant for UWB

systems, mainly because of the cost, complexity and size constraints of
WPAN devices..

Thus the limitations of using conventional diversity methods at high data rates
and the pbtential demand of ultra wideband transceiver structures,
necessitates the development of a new diversity method for ultra high data
rates without significant increase in system complexity.



staggered transm ssion at the transmtter to achieve
transm ssion diversity using, for exanple, a single
wa@pisnemoand over sanpling at the receiver. AcCPCTBGLN04/000022
a first aspect of the invention there is provided a
transmtter systemfor transmtting data as a pul sed

h ignal conpPising: a converter for
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an antenna for transmitting said pulse sequence.

According to a second aspect of the invention there is provided a receiver
system for receiving data as a pulsed ultrawide band signal comprising:

a receiving antenna for receiving said pulsed ultrawide band
signal, said pulsed signal having a pulse shape, a bandwidth, a pulse width,
and a pulse repetition frequency, said pulsed signal comprising two or more
interleaved pulse trains having equal pulse repetition periods, said interleaved
pulse trains being spaced by a pulse spacing, said pulse repetition period
being greater than said pulse spacing;

a matched filter coupled to said antenna for filtering said
received signal to form a filtered signal, said filter being matched to the pulse
shape of said received signal;

a low-pass filter coupled to said matched filter to process said
filtered signal to form a processed signal;



filtered signal to forma processed signal;an
anal ogue-to-digital converter coupled to said | ow pass
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repetition frequency of said received signal, said
processed signal from an al ogue signal to a digital
si gnal ; r.al |l conver,si,on un
o eai o ahaadlsr oRuBR Fony prErRE P AN foyfipSs Efter o

comirp it eerdie RRéatel ehars HEPp@ide ThpsRicH fréadeﬁcyﬁ b#Bald received

processor c&gfled to said serial-to-parall

Slgnabﬁa&r RliosaseeA signa! ipmAtanaladee sigmal &9 grdalgl’fal signal;
repr esegtsaetr aY‘fJ(% B%Eaﬁ@ goﬁ@&?loﬁ%mﬁ%ﬁ@ﬁlﬁf& g‘cp%oh\(?eﬁer to

third aspec resent 1 nve
con\m'rbsaldeﬂglaaltslgma‘tWpMUceramllebﬁmhpmdiglgaaw @msjm tter

for transmttln data as ul sed ul t.rawi de band
signal BoHgnalspRgessocauled & SR Seriabiorparalich conyprsion

umt?&phﬂutcbaé?ﬁﬁ‘ eeighaPrd ‘?‘es%?ﬁétﬂ}e NEEeil@d ypar al | el
eHEreran® SR

seguence; o convert par a
sequence to a paraIIeI stream of inpul se trains, each

ool 4854 B RS B SR PILE, 8RB reyides
tran§divdr SREMPSSAplisihg ¢ frafsritet fd)mé'hé‘?nthﬁé'diﬁatﬁ’s a pulsed
different tinme intervals within the sane pul se

ultravdge brnd Gignsd cPBWrisigsi gnal combi ning unit to combi ne

that ¢ he cvBe B tbhEeTRoelsibRatole RARRRRES o sita
sequi@E fota parauersmljeﬁcea single puI se; and an ant enna

for transmtting said conbined si glnal said
tr ansce?vElOdé‘y%tPéﬁPf eRRviest S@&Tmarglq%gseguwz%utc;ea parallel

StreéﬁccﬁHHgﬂ%e: ifs 28ach ﬁéﬁh%w@%g@ﬂo Pkeéglel Vi ng sa| d

a receiving ant
puI sed alan\gdBeMdosirgaada;d geiddigior;sed si gnal
havi ng a se sha

wi di h, d
2 oul oe BrdRley R feiafh et paralel strBali B afphise vaRS by
duﬁe@@rﬂnrméwenﬁav@wﬁhmmﬁé%ahm smlseaéﬁéimmﬂ B8ridd;2i ns having

equal pul se repetition periods, said | nt erl eaved

a signal combining unit to combine the delayed pulse streams to
form a combined signal so that the pulses in the streams occur within the
pulse repetition period of a single pulse; and
an antenna for transmitting said combined signal, said transceiver system
further comprising:

a receiver for receiving data as a pulsed ultrawide band signal
comprising:

a receiving antenna for receiving said pulsed ultrawide band
signal, said pulsed signal having a pulse shape, a bandwidth, a pulse width,
and a pulse repetition frequency, said pulsed signal comprising two or more
interleaved pulse trains having equal pulse repetition periods, said interleaved
pulse trains being spaced by a pulse spacing, said pulse repetition period
being greater than said pulse spacing;



pul se trains being spaced by a pul se spacing, said

pul se repetition period being greater than said pul se
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filtering said received signal to forma filtered

signal, said filter being_matched to the pul se shape
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I'nterval's Within the sane pulse repetition period;

aboeanbi ni ng the del ayed pul se streans to form a conbi ned
signal so that the pulses in the streans occur within
the pul se repetition period of a single pulse; and

AcchfdiRs ® Vet B9usRédassutidieke $Hv@dibn there is provided a method
for transmitting data as a pulsed ultrawide band signal comprising:

converting in a serial-to-parallel converter a signal to be
transmitted from a serial sequence to a parallel sequence;

converting in a modulator said parallel sequence to a parallel
stream of impulse trains, each train having a pulse repetition period,

delaying said parallel streams of impulse trains by different time
intervals within the same pulse repetition period,;

combining the delayed pulse streams to form a combined signal
so that the puises in the streams occur within the pulse repetition period of a
single pulse; and

transmitting said combined signal.

According to a further aspect of the invention there is provided a method for

receiving data as a pulsed ultrawide band signal comprising:



According to a further aspect of the invention there

is provided a nethod for receiving data as a pul sed
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ul traw de band signal, said pul sed signal having a

pul se shape, a bandw dth a pul se w dth, and a pul se
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In a preferred embodiment, code division multiple access technology may be
used to handle multiple accesses. Selecting a higher modulation system such
as QPSK may increase data transmission rate.

In a preferred embodiment, a multi-band transmitter based on a local
oscillator for UWB tfransmission is proposed. The multi-band transmitter
system allows the user to select bands with lower interference and to ignore
the bands used by existing wireless standards. The multi-band system may
considerably reduce interference between UWB systems and improve

coexistence with multiple wireless devices.



coexi stence with nmultiple wreless devices. Hence, it

is an aimof an enbodi nent of the present invention to
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modulation in accordance with an embodiment of invention;

Figure 4(a) is a schematic block diagram of an alternative transmitter structure
with a quadrature mixer for multi-band transmission in accordance with an
embodiment of invention;

Figure 4(b) illustrates the waveforms at different stages of the alternative
transmitter structure shown in Figure 4(a) with a quadrature mixer for multi-
band transmission;

Figure 5 is an example of the frequency allocation for multiple bands in the
alternative transmitter structure of Figure 4(a) with a quadrature mixer for
multi-band transmission;

Figure 6(a) is a schematic block diagram of a conventional transmitter
structure with multiple transmitting antennae;

Figure 6(b) is a schematic block diagram of a staggered transmitter in
accordance with an embodiment of invention;
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of invention; Figure 7 is an illustration of waveforns
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an
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Figuré gdrie attabk) descridirgy thighsyistdr paraneteys tfdsr&elpmﬂdtmlmwles of
of an enbodi nent of the present invention with an

a sYsipan SGRPIGING LG 8k £BIOASIMEeR! Qe RrESYY A wi t h f our
Flgu‘|1§|1%¥a)t % é JripiR IRRABARY 1R YHoHRENEs bf BR &mbbbiMferfiof the

present mven’uon with an oversampling factor of 32 and RLS equalizer with
two delay taps in a channel model for 0-4 meter line of sight (LOS)
propagation conditions;

Figure 12(b) is a graph illustrating the performance of an embodiment of the
present invention with an oversampling factor of 32 and RLS equalizer with
two delay taps in a channel model for 4-10 meter non-line of sight (NLOS)
propagation conditions;

Figure 13(a) is a graph illustrating the performance of an embodiment of the
present invention with an oversampling factor of 16 and RLS equalizer with
four delay taps in a channel model for 0-4 meter line of sight (LOS)
propagation conditions;

Figure 13(b) is a graph illustrating the performance of an embodiment of the
present invention with an oversampling factor of 16 and RLS equalizer with
four delay taps in a channel model for 4-10 meter non-line of sight (NLOS)
propagation conditions;



propagati on conditions; Figure 13(b) is a graph
illustrating the performance of an enbodi nent of the

wW@e@seensoé nvention with an oversanpling fact or P@f/SGB04/000022

and RLS equalizer with four delay taps in a channel
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differentrisiay tapsdldnces of information carried on very
narrow wi dth (Tp) pul ses that are spaced at regul ar
i nterval s dependi ng on the nodul ati on. These pul ses
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single bit or chip. The interval between two adjacent

pul ses is called the pulse repetition period (Tf).
A preferred embodiment of the present invention uses ultra wideband (UWB)

pulses for transmitting information. In general, UWB systems transmit
sequences of information carried on very narrow width (T,) pulses that are
spaced at regular intervals depending on the modulation. These pulses can
be formed using a single basic pulse shape generator and are very short in
duration, typically much shorter than the interval corresponding to a single bit
or chip. The interval between two adjacent pulses is called the pulse
repetition period (Ty).

Figure 2(a) shows an example waveform of a pulse sequence generated by a
UWB transmitter, for example, in an embodiment according to the present
invention. A stream of pulses is shown, each pulse comprising a positive and
negative excursion. The order in which the said excursions occur indicates
the level of the data pulse being passed through the transceiver. Figure 2(a)
illustrates the relation between pulse repetition period (T7) and pulse width



Fi gure 2(a) shows an exanpl e waveform of a pul se
sequence generated by a UMB transmtter, for exanple,
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stream of pulses is shown, each pulse conprising a
positive and negative excy SI on. The order in which
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transmtted and has not suffered any channel

distortion. As shown in Figure 2(b), the received
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shape. and practical inplenentation
W'dtggjl]-g)saéﬁs eP%@nu'Uf'Q%%%d filter is a siwgusoi dal
waveform which is essentially a local oscillator (LO)
having a centre frequency equal to the inverse of
It hgsubeen wpataciated fgm ary andlysie #f pye waveiprpust Figure &(b)@fthat

a paPcH:glmrK/ advantageous way to recover the signal is to use a filter
matched to the received pulse shape. An efficient and practical
implementation for such a receiver matched filter is a sinusoidal waveform,
which is essentially a local oscillator (LO) having a centre frequency equal to
the inverse of the ~pulse width (1/ Tp), followed by a low-pass filter of roughly
the same bandwidth. In practice, this type of local oscillator (LO) may
introduce a timing mismatch, which can be compensated by using a

quadrature pair of local oscillators.

Based on the above considerations, a preferred embodiment of the invention

includes a structure using receivers of the quadrature mixer type.



the same bandwi dth. In practice, this type of |ocal
oscillator (LO may introduce a timng m smatch, which
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oscillators. Based on the above considerations, a
preferred enbodi nent of the invention includes a
structure using receivers of the quadrature m xer
type. Figures 3(a) and 3(b} conpare the details of
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C{UL%nsm ssion. Figure 4(a) shows a block diagramfor a

mo KN.oscillator based nulti-band transmtter unit
enbodyi ng the present invention. The unit conprises a
pul se generator 26 for driving two nodul ator units 28,

By stectingeQoSK far datd uhaddatiamithe dia dateenialyybe rereases] by a

A R T R L

QP S tRsduIafio® G identical transmitter branches will generate the pulses

for I-phase and Q-phase data which are added together before transmission.

Figure 4(a) shows a block diagram for a local oscillator based multi-band
transmitter unit embodying the present invention. The unit comprises a pulse
generator 26 for driving two modulator units 28, 30. One of the modulator
units 28 directly operates on the quadrature data stream Q and the other
modulator unit 30 operates on the in-phase data stream |. The output of each
modulator unit 28, 30 is passed through a respective quadrature mixer 32, 34.
The quadrature mixers 32, 34 are driven by a local oscillator 36 before being
multiplexed in an antenna drive unit 38.



nodul ator unit 28, 30 is passed through a respective

guadrature m xer 32, 34. The quadrature m xers 32, 34
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mul tiplexed in an antenna drive unit 38.As the

preferred systemillustrated in Figure 4(a) uses a
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structure of Figure 4(a) is given in Figure 4(b).
bandpavef orm A shows the in- phase data stream and waveform
B shows the quadrature data stream Waveform C shows

the pulse train produced by the pul se generator.
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It is known that wireless local area network (LAN) standard (IEEE 802.11a)
uses around 5 GHz band. By eliminating- the second band (4600 MHz-
6100MHz) in the given frequency allocation, it is possible to avoid interference
due to the above wireless LAN standard. Furthermore, with a multi-band
system, adjacent piconets can use different bands without significantly
interfering with each other. Therefore, such a multi-band system may have
improved coexistence and interference rejection properties than a single band
system.

The combination of multiple transmitting antennae with advanced signal

processing algorithms is a common practice for increasing transmission data



The conbination of nmultiple transmtting antennae with

advanced signal processing algorithns is a common
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conventi onal comuni cation systerrs. Figure 6(a) shows

the details of a conventllg transmtter structure
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omitfedyui red bandwi dth and will generate short duration
pul ses (nmono pulses) with a pre-specified pulse wdth
followed by a | ong space regi on as shown in Figure
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serial-to-parallel converter 5 for converting the
a canstatipagaaeter istultsawideland radio, the peak amplitude of the pulse

is directly related to the interval between pulses.

The schematic block diagram for a staggered transmitter according to a
preferred embodiment of the invention is given in Figure 6(b). Unlike the
conventional transmission system shown in Figure 6(a), the staggered
transmission system uses a single antenna 52. The transmitter comprises a
serial-to-parallel converter 54 for converting the incoming data stream from
serial mode to parallel data streams, the number of streams corresponding to
the number of transmitting antennae. Each of the parallel data outputs from
the converter 54 may be passed to a dedicated code spreader unit 56, the

spreader units 56 being driven by a spread code generator 58. The data from



serial node to parallel data streans, the nunber of

streans corresponding to the nunber of transmtting
w@niosiermee Each of the parallel data outputs fPONSGH®4/000022

converter 54 may be passed to a dedi cated code

spreader unit 56, the sp der units 56 being driven
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Thetihing constraints for staggered transmission are :-
e The incoming data sequence is split into parallel data streams (consider M

parallel streams), each being spread independently and converted to pulse
trains, they are referred as transmission streams.

e The delay of the first transmission stream (z ) is set to zero.

e The relative delays between adjacent transmission streams are kept
constant (thatis, 7y —rg =7y 7ty = =1pr g ~Tpsq =7 ).

e The delay of the last transmission stream should be less than pulse
repetition period. More precisely, the difference between the pulse
repetition period and the delay of the last transmission stream should be

equal to the relative delay, « (thatis, T, -7y, =7 Where TI,is the pulse

repetition period).
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in the relative delay will have a direct impact on length of interval between
pulses and thereby increase multipath interference. As mentioned before,
the use of higher modulation schemes for the transmitted data can further

enhance the transmission rate.

The receiver structure of a system according to a preferred embodiment is
shown in Figure 8. The signal received via a receiving antenna 70 will have
multipath components and is most probably embedded in noise. As
discussed above, the best option to capture the received signal energy is to
design a filter matched to the received pulse shape, which may be achieved
by a local oscillator (LO) based receiver.
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this oversampling receiver structure is similar to the receiver diversity gain
obtained by employing multiple receiving antennae. Compared to space
diversity, the proposed system has a simplified receiver structure with fewer
LOs and ADCs, but the ADC sampling rate is N times higher than the

alternative methods.

Another point to note is that by employing staggered transmission together
with an oversampling receiver, one effectively reduces the channel dispersion
by a factor of N. An efficient baseband signal-processing unit 80 can exploit
this feature and improve the performance.
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In a further preferred embodiment (not shown), the despreader 84 may be
omitted.

Figure 9(b) shows the details of the multi-tap (MultiTap) delay unit 82 of
Figure 9(a). Each of the N parallel streams from the ADCs 76 and serial-to-
parallel conversion units 78 of the system of Figure 8 is passed directly to an
input of either the adaptive equalizer 90 or the despreader 84 if fitted. Each
stream is also delayed by one pulse repetition period (Ts), in a delay unit 92
and the output of the delay unit 92 is passed to another input of the adaptive
equalizer 90 or the despreader 84. Each delayed stream is also delayed by a
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The system embodying the invention has been simulated extensively for
different channel parameters. To conduct simulation studies, the transmitted
signal has to pass through a wireless communication channel, which is
characterized by a frequency selective multipath fading channel. The system
embodying the invention assumes a UWB channel model derived from the
Saleh-Valenuela model (More details are given by A Saleh, R. Valenzuela, in
“A statistical model for indoor multipath propagation” published in IEEE
Journal on Selected Areas in Communications, Vol. SAC-5, No.2, Feb 1987,
pp. 128-137), with a couple of slight modifications noted by the IEEE P802.15

working group for wireless personal area networks. More details are given in
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Report", Docunent No: | EEE P802. 15-02/ 368r5- SG3a, Dec
2002 for the sinulation studi es of highrate WPAN
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(W J mruskd forntbd wimulationastadieseFigwe paisial teble illustrating
the &‘h@ftl?é&“ aglfllﬁéli aﬁgr%p#g&%%%tdec%ﬁggé%ﬁg Ghodd! parameters
proposed by IEEE P802.15 Working Group for Wireless Personal Area
Networks, “Channel Modeling Sub-Committee Final Report”, Document No:
[EEE P802.15-02/368r5-SG3a, Dec 2002 for the simulation studies of high-
rate WPAN devices. The simulation studies of the embodiments of the

invention described herein have been conducted using these channel models.

The simulation system uses QPSK for data modulation and uses two parallel
transmitted streams. The system performance is analysed with two different
oversampling factors (16 and 32). The receiver uses an RLS equalizer,
efficiently implemented using a systolic array architecture. To improve the
system performance, the applicants have used many delay taps for the RLS
structure. The simulation studies considered two 2-tap delay and 4-tap delay
structures.
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uring digital-to anal og conversion) and singlebit
ADC. The single-bit ADC performance is anal ysed for
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ADQS8 vetidvady. higbr $amplmg eatear eThE dataedtréamsbarehnot sireat!, but

8}1 ht n%L%é(fhagnel nodel 1, CML) and non-|ine of
used gtﬁa KR ER4Hl Model 2, CMVR) channel nodel s
proposed by | EEE study group. Figure 12 corresponds to

the performance of the systemw th an oversanpling _
Thet teble givsh B2Figure, 1fvidesnsibay aldps Sivulatios eefametee used in

fhisg&%ﬂaﬁgfﬁ%ﬂ nd 14 correspond to the performance of

factor 16 with delay taps 4 and 2
respectively. Figures 15 (a) and 15(b) show a
conparative performance against different receiver, .
Thep%e@@?‘%tmm%pé a 5{ysfer nemBodyieg pler drvantien is given in
c r t ai i nc ; i
Pl 23102 T g o BR AR bR VBN RABPLRE L0
(Chpan&brmaxtet el ,i Ghi1Qvame mondfnet be s t(BiioAB )Y (Chameelddodyg! 2,

CM?SE?@B@B rgtga%gfj{;ngégéqgf b%ﬁl%lglg%:tﬁ grlosfjp(.:o éhngee%S Oéo{?lresponds
to the performance of the system with an oversampling factor of 32 with two
delay taps for RLS equalizer. Figures 13 and 14 correspond to the
performance of oversampling factor 16 with delay taps 4 and 2 respectively.
Figures 15 (a) and 15(b) show a comparative performance against different
receiver parameters. Figure 15(a) shows the performance improvement
obtained by increasing the oversampling factor at receiver and Figure 15(b)
shows the performance improvement of the system with more delay taps.

UWB transmission technology is considered a suitable candidate for ultra high
data rate short-range indoor communication applications due to its extremely
large frequency band and the low power spectral density of the signal. In this
context, this invention is examining possible methods for high rate data
transmission. ‘
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standards together with UWB systems is an important issue to be addressed.

Splitting the available large bandwidth into multiple bands is a possible
solution for the problems relating to coexistence and interference from
adjacent piconets.  Multi-band transmitters using local oscillators can
implement this. Furthermore, if multiple bands be used for a single device, the
data transfer rate can increase considerably at the cost of higher transmitter
complexity. To achieve multi-band transmission, the pulse generation unit
discussed in the Figure 3 should be replaced with a modified multi-band
transmitter incorporating local oscillators. However, this modification is
optional and is useful for transmitting pulses through muitiple frequency
bands. The oscillator for this method will be programmable and should have
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Using multiple antennae will increase the complexity of the transmitter
considerably due to the complexities in RF design. The low mark/space ratio
of UWB pulses is in contrast with the conventional MIMO systems, where
chips are equally spaced for transmission without any gaps in between. The
transmitter structure can be modified considerably by exploiting this feature of
UWB transmission. Instead of sending parallel data streams through different
antennae as shown in Figure 6(a), the transmission diversity can be obtained

by a staggered transmission method using a single antenna.

The receiver performance of preferred embodiments of the invention may be
improved by employing an oversampling receiver structure such as that
shown in Figure 8. In such a system, the ADC is sampled at a higher rate.



The receiver performance of preferred enbodi ments of

the invention nmay be inproved by enpl oying an
W@Y®596056 | Ng recei ver structure such as that BCISG200£000022

Figure 8. In such a system the ADC is sanpled at a

hi gher rate.The sanpling Kate is usually an integer

mul tiple qf .the | se.repetition period. This .. .
Thegsrapelliebral fadbysly A dnfener muliiele LS Bulss tepedition period.
This overiEnpladdd@c Btrehme RNt OMRIrRie $o Harbig fHHBs, and each

repetition frequency. The baseband signal processing

stregR] Opgrajessaletha medse sepatiind fraqyrnan | diher bagehandtsignal-

. . h eatio odi
proQisiftl BnltiroPE R8s, Wie2L PeE e A0 8ol Pe B UF s for
adaptivs chbensy sgaakzativnodyd rodirie sb nhanthe retsive0dea eachieve
diversity gains at both transmtter and receiver, and
temppral divarity.o i nprove the system capacity considerably.
To accommopdate nultiple accesses, the systens can
optionally use code division nultiple access
Thusetbens}stgys Gabedyingghbiighentiomoihiiodtice rdiversity amitgPaKboth

can,. i ncrease data transmi ssion rate further. Various
tran G e, GREOWEt ARG oo BElferips B 1k ciuafem Capacity
conbRPABIV.ON  §8S dBAtARAE rMKplRe dFRESsed 0th8X3Blfns can
other modul es and nethod steps can be added or
optignaltt iuset eade alivisions mudtinte eaccehsidechinelngyghSetesting higher

L nvent i ha n_descri bed, above usin rticul ar
moly 0 hirh S2QERE WA Rateh CelF HiRst i PP kit e
scope of the clains, as will be clear to the skilled

reader, w thout departing fromthe spirit and scope of
Varioye madiéisations & frevembodimentsrefrinetrseseiyisinuantion described

abo%afﬂéfohthﬁgeqqi& IBULGRY n%dtfl?g"iaﬂa rﬁé@\%ds%tgpglcgn be
conprising: a converter for converting a signal to be
addedarssubistitded fontresseabove. SENs aithotigh sheanantieh has been

sequence; a nodul ator to convert said parall el i
desg@'aifi ﬁE@V?dJSé“%QPanULﬁr YnPRAUMESYS, MADY y@rigtianh are passible
witHirh ¥ sBBYE NG tﬂep&éfﬁs RPN bé Vbdieh! B slallv.-f(fbelré’é(déJrn Without
to delay said parallél streans of 1 npulse trains by
depaitirfigefremt thei apiriti andeseapesofithe limverttioa. sane pul se

repetition period; a signal conbining unit to conbine
t he del ayed pul se streans to



forma conbi ned signal so that the pulses in the
streans occur within the pulse repetition period of a

W@ emwghesspal se; a pul se generator to form a pul BE/SG2004/000022
sequence based on said conbi ned signal; and an antenna
for transmtting said pul se sequence. 2. A system
according to claim1, further conprising a spreader
coupled to said first comerter for receiving said

cLAMrl | el sequence and for spreading said parall el

— sequence. 3. A systemaccording to claim1, further

1. cofptrassmijter gyisteral fot jranpmifpngatpda asnatpuisesholirawide band

. spreader. unit being coupled to said first converter"

SG”@EPO?@@émﬁrng a paral | el sequence and for spreading

sai d paraddriferise fvredti®ertthg Asinsl fbaceesdiitie fronch denial
1 wherein said nodul ator has an i nput and an out put,

Seqdenes ’F%@@ﬁ@@' Rgdeeffect ed to said signal conbining
anitoang SAlLIaK i BRVGY SRANGGLA SBqagnck AB! BNParallel
5. A system according to claim ereirn sard

streamdo immgsmaaimpgbnlpmimhaiviag agmﬂlsmlgepestﬂiod pegimdt bei ng
connected to sai.d converter and said outpuyt bejng, .
connect @dd?'@y_s‘éﬁ“ﬁtQjQIeW %ﬁ‘ﬁjtﬁaé?‘”% %@@%Oié’@wlﬁenﬁa'ﬁé by

diffibft nd IREFPALS Hihin therlSard¥ ifid reipefitiéRpristif eam 7. A
systemaccording to claim2 or 3, further conprising a
spread cosigngecmnhining tioit tr combin thesghelayett pulsei streadns to

A receiver,systemfor receiving.data as a pulsed ...
forry & FQMIRIED Sl ighiiet dBRpriee it TS siieai REodnrithiny the
puldedfepetiieh Yefigd HliakinRglesifisall trawi de band signal, said

pul sed signal having a pul se shape, a bandwi dth, a )

pul se wialthlsea@@ngraiar de fospeti pulsp $e@UpNSEcPasadien said

. S conprising two or nore interleaved pul se
confoﬁéécﬁ%@gg:%léj equal pul se repetition periods, said
i nt er | earedntenhadot transmitig) saidndsedetyercepul se

spaci ng, said pulse repetition period being greater
than said pul se spacing; a matched filter coupled to

2. Said 9oANaRcERYind td tRihNE BRhEr comprising a spreader coupled

to said first converter for receiving said parallel sequence and for spreading

said parallel sequence.

3. A system according to claim 1, further comprising a plurality of
spreader units, each spreader unit being coupled to said first converter for

receiving a parallel sequence and for spreading said parallel sequence.

4. A system according to claim 1 wherein said modulator has an input and
an output, said input being connected to said signal combining unit and said

output being connected to said antenna.

5. A system according to claim 1 wherein said modulator has an input and
an output, said input being connected to said converter and said output being
connected to said delay unit.



received signal to forma filtered signal, said filter
bei ng matched to the pul se shape of said received

WGEe@aab9soa | ow pass filter coupled to said matPEESG2004/000022

filter to process said filtered signal to forma
processed signal; an analggue-to-digital converter
6 coggledtto sai%.lom#&ass ilter.to c verLtfat a Q§te
- gr ACEPISRARCORING ) daim d camTisiig @ que il 1qfeach; jream.
recei ved signal, said processed signal from an
anal ogue signal to a digital signal; a
7. sed aysteo paeeding tecelaiardspod, fiither conprising @ spiiead code

genfair i five SRBCRYERRAME ond o'si nal processor

coupled to said serial-to-parallel conversion unit to
produce ,an out put signal, representative of said .
8. redeleraivIatysien fonragpivingndata: 88 & PiYsed ulrawigegoand signal
comMiid-n said receiver matched filter is a sinusoidal
verorm 10. A system according to claim10, wherein
sai d r eceirgegivingt amtednai for eneceiwing kaidapulsedi Llt@wide band
. _having a centre equenc ugl to the inverse of the
Siorih SHOUSER BEnahngyBoc PaleosANsy & BoRaiER o8 roke: Bioin,
SAl S nf4 a i '
A R ool SP e AREEY ST R B or more
intedeaved polpet toaios hianing), equal tphibse repafitions pagods,gaid iniedeaved
lm’ xetr c%uFI ed between _sai.d receiving.ant ﬁsnna a &l said. d
pulst, fiEins DFMGL Bparesl PYep s Thar ROpivalch PUR kg o
bei§ EeatENibanSsdid ng%?ﬁﬁ‘O;@e' ved signal. 13. A system

according to claim urther conprising a plurality
of mat chedMptahedr diltearrpupledirial saide anternayifenl filtering “said

rocdY SIdTEA 35 A BneRel i SRR HRL ELioGARUER BB g puise

each pul se " chai n=having a TeSpettive matche
shapeldfenid srudived sigadlpgue-to-di gi tal converter, and/or
serial-to-paralle]l conversion unit

accor di iy QW PasaiTier Souptes 9 ﬁaigam'a‘%ééd@ﬁ@tesacs@% said
ol S A O DRy Sl e W ath 15, A system
accor di ran analoyae+todligitet epaverteraiodipticdytvasaig lovgmssfilter to
convert, at a rate greater than the pulse repetition frequency of said received
signal, said processed signal from an analogue signal {o a digital signal;
a serial-to-parallel conversion unit coupled to said converter to
convert said digital signal to produce N parallel sampled signals; and
a signal processor coupled to said serial-to-parallel conversion

unit to produce an output signal representative of said received data.

9. A system according to claim 8, wherein said receiver matched filter is a

sinusoidal waveform.

10. A system according to claim 10, wherein said receiver matched filter is
a local oscillator having a centre frequency equal to the inverse of the pulse
width.



conprises N delay units for receiving said N parall el
sanpl ed signals, each of said N delay units being

wa@eooanesde t o del ay one of said N parall el sanpP@rSG2004/000022
signals by one or nore pulse repetition periods. 16. A
system according to claima3h, wherein said N delay

[ i . ' .of | ti- del t k
1.1 oA SRR AgcerdpRCln e Aodvierett Sald (eisnilkel has o
band@aeihvashseamiatld cHuaned thelfandivigthséredBidpemedi ng to
cl aim 16, wherein said signal processor further
conpri ses a channel equalizer having an input coupled
ts . ' . N i
12.4 o R 3em Hs Bl & Elhihef BPutigPis B AGadbeelte! er

coupletibtvaumeaid petsieingtareanna antl eal matchddfitersbgs@barating
. representative of said received data.18. A system
in-ph@ssraichgUadatirain!serchaine fonsaidirgceinad sgnadqual i zer
is arranged to apply a recursively square algorithmto
said predeterm ned pul se stream 19. A system
13.accAr siysigmt @ccomiimg 6, claimt h2y fedingn iceompyisingl es [plemdier of

el fifore. it ob an clog-Becr B SV B, AL PGS pasalel

corfefdiSh &IRIBC 688K DG SnihHaWink a rebSs@ive Satchddhiebnd/or
equal izer Is a pilot-assisted adaptive channel

anajegug-o-gigitap convertaraaadier verialstpspasailemomviessiag uait.
transmtter for transmtting data as a pul sed
ul traw de band signal conprising: a converter for

14.conXesystam acsordiy td acldien taNsRgcire Galid QuzRIrs®iFé ahixer is
sequence to a parallel sequence; a nodulator to

arraaRebiq oparate miralfesiuessy sehstantially egphta dne dnvassenadfthe

pulémtﬁ? trains, each train having a pul se repetit!on
period; a pul se generator to drive said nodulator; a
delay unit to delay said parallel streans of inpulse

trajns b differgnt tinme intervals withip the sane
15.pul’de SYEIFEL | BRI REr itBd C1aiMs &y n WheEiRbisAIthoSIdRRL Rrgoessor

corfifdBdIR dd1sy 4altaY&haReNGSy SALOPRrdIRI sampled signals, each of
said N delay units being arranged to delay one of said N parallel sampled

signals by one or more pulse repetition periods.

16. A system according to claim 15, wherein said N delay units comprise a
series of multi-tap delay networks for selecting a predetermined pulse stream

from said received pulsed signal.

17. A system according to claim 16, wherein said signal processor further
comprises a channel equalizer having an input coupled to one or more
outputs of said one or more delay units for equalizing one or more channels in
said predetermined pulse stream to form an output signal representative of
said received data.



forma conbi ned signal so that the pulses in the

streans occur within the pulse repetition period of a
w@Rvghedspul se; and an antenna for transm tti ngPGEBE2004/000022

conbi ned signal, said transceiver systemfurther

conprising: a receiver for ece|V|ng data as a pul sed

187 o RUsiER RF0udh %upﬁaﬁa”pi‘( PR S gL SR R i

arraﬁﬁgleﬂetd ﬂ@l rearsivigy 8qudfes 8lgdARPE to %ahﬁﬁﬁ%éﬂéﬁﬂmnéd pulse
pul se w and a pul se repetition frequency, said

Sreéﬂlsed signal conprising two or nore interleaved pul se
trai ns having equal pulse repetition periods, said
i nterl eaved pul se trains being spaced by a pul se

19. spaki sygtersaadcq:rdlr@e to eglei t 15 nfupkbier 0@brhph$lgggaedé§;breader

d I mat ched filter coupl ed
coubletioSiaab R e of e g h s ape Al cGrghal cqusiizer to

desP%éH %lﬁ'déé&fé%ﬂs@hglﬁa' said filter being matched to
he pul se shape of said received signal; a | ow pass

filter coupl ed to said mat ched filter to process sai d
naI form a, essed S

20. it S48 AP0 SilbE P PREREIS st HBohef Swalizsssis @

pilof-bbéisted &dRAIVe&iHanmdl qwaipegssed signal from an
anal ogue signal to a d|g|tal signal; a

serlal-to paral l el conversion unit coupled to said

21 SO RohSeide SRR B o e oo

pulsabahtmmldsbgnals@mcbmpmusm@uce a sanpled signal; and a
signal processor coupled to said serial-to- ﬁaralle

conver si®RONRMErder soneniRg asiang fribe diagsanitted from a serial
seqUBREE IS BLRAIrhYS s uéﬂb@l received data. 22. A DS-CDMVA

system conpri sin e transmtter of claimi1. 23. A
DS- CDVA & yrso@utatoyntor iconugrit saidr pamilleerseqlientai tm 8. p2dallel

e3P, R L S b o TR E pSla Ly ™
ul traw dephiaBdercdatal t¢ Qi ssiiodulator:

a delay unit to delay said parallel streams of impulse trains by
different time intervals within the same pulse repetition period;

a signal combining unit to combine the delayed pulse streams to
form a combined signal so that the pulses in the streams occur within the
pulse repetition period of a single pulse; and
an antenna for transmitting said combined signal, said transceiver system
further comprising: ,

a receiver for receiving data as a pulsed ultrawide band signal
comprising:

a receiving antenna for receiving said pulsed ultrawide band
signal, said pulsed signal having a pulse shape, a bandwidth, a pulse width,
and a pulse repetition frequency, said pulsed signal comprising two or more
interleaved pulse trains having equal pulse repetition periods, said interleaved
pulse trains being spaced by a pulse spacing, said pulse repetition period
being greater than said pulse spacing;



converting in a serial-to-parallel converter a signal
to be . transmtted froma serial sequence to a

W@2008/06%h6 sequence; converting in a nodul at or BEi/8G2004/000022

paral | el sequence to a parallel stream of inpulse
trains, each train havi ng, pul se repetition period;

G T or o S%%%@%ﬁrnﬁbé%o?v(;ag 1B 52l Bt g, (PEMERY  said
rec%ig&?tsigtriaﬁp'fo RS diltef@BighN Gaid AitsiehEvg natehed t5tthe e

orm a conbined signal so that the pulses in the
shapecé said weeivedsigm@ln t he pul se repetition period of a

Si anal . 2609 a80 Hua" EBRBeHi bl TP RIOMRR g iggpes said
filtefsa®ighal ladfosmrep@icegsedisignalr eader said paral | el
sequence after the step of converting said signal

t
be trandf @@@@g@%@ndégifgaép@@ve@qa%ﬁ@ foosaid wﬁaﬁéﬁiﬂer to
confEfl SR Bragkbaod SR P ar ShSlohfie st 6 F digital .
seguencen isgrialﬁtr?gpar.am ﬁrmagsi?h thgﬂ e@urp1gd sk?isiaiqb@batz/eélee;\to
saniale U SiGiaH SO Tl Eatsi SrPEier LR £ RUBRACERLROfroquenty
of s‘éi?ﬁr‘é%'éf\}ébgsigﬁalaar{@@%c[gﬁeée %aéeﬁ'npﬂéél %ﬁdr%l; afpuence 1s

before the Steps of l'ayi ng said parallel streanms and
corebsighal procesdet agepled ubszaid tsedalvio-paellelrcomidrsionfunit to

receivin at.a as a pulsed ultraw de. band, si gna
proffio i i dadl o Preubitie i saBl LRI BANE Band
signal, said pulsed signal having a pul se shape, a
bandwi dth, a pulse width, and a pul se repetition
22.1 r Sy P MASYStesucesprisinghihie teastapnitter afcClei® Tor nore
i nterl eaved pul se trains having equal pulse repetition
periods, said interleaved pul se trains being spaced by

23.a PAIDSCEIMAI gystens abmppisirgetheapesiver oficlpien 8od bei ng
greater than said pul se spacing; filtering in a
matched filter said received signal to forma filtered

24, 2 'f gdg?isdfméic;g s{)/gtf’r@ {ccg)ﬁ'g%r?;%%g”mect%cbﬂle? B cRithsS . shape
25. A method for transmitting data as a pulsed ultrawide band signal
comprising: .

converting in a serial-to-parallel converter a signal to be .
transmitted from a serial sequence to a parallel sequence;

converting in a modulator said parallel sequence to a parallel
stream of impulse trains, each train having a pulse repetition period;

delaying said parallel streams of impulse trains by-different time
intervals within the same pulse repetition period;

combining the delayed pulse streams to form a combined signal
so that the pulses in the streams occur within the pulse repetition period of a
single pulse; and

transmitting said combined signal.



processing in a |ow pass filter coupled to said
mat ched filter said filtered signal to forma

w@e@mseesed signal; converting said processed sPU§62004/000022
froman anal ogue signal to a digital signal;
serial -to-parallel converf{jng said digital signal at a
t

1
t han th |-Se. titi fr. f .
26. o aPaLee) sgou P aRlin b ot Bt T niRd S et g n 2
spre2ddr BaRCE22l80sSdRichceatdrafe stem af cobRvartiAg UsRd @fgnal to be
out put signal representative of said recelved data. 30.

trangmitidhisamaa sefialiseguesce tapmaralel sgauaeee.conpri si ng
separating i nphase and quadrature pul se chains from
said received signal. 31. A nethod according to claim

27. 29A wiethiced actbeling &p cimppbcaberaly thbestsprgfl eshwairgmalin a
conpri ses delaging sai d,  sanpl ed sjgnal_ by one or, nore
modyiatek spishpeiallebsegernculs aBer the MaPRoef deleying agidi earallel

[ i f ssing the sanpl ed
stregﬂing négdsﬁmpﬁage{c%nép%] ?%éei Bg lesféesér{éi%ﬁg%q a predeterm ned
pul se streamfrom said received pul sed signal. 33. A

met hod ,accordi ng to cl ai 9, wherejin the step of,. .
26. b b BELhofy AN Tasi G Al BB OB a2 2
modlatBP ééidcﬁa"&%ﬂéli Seduenzd! id HIFSREhBI STbps bf Rl HinG SaRAPhfMel

forman output signal representative of sai'd Teceived
stregasaand3aompinig theddeleyed gulsg stieasnsi m 33, wherein the

step of equalizing conprises applying a recursively
square algorithmto said predeterm ned pul se stream
29. 35A Angiododoraessidingd data Chfi an BWsedi unlizevide oband skigaal

despread sai d del ayed signal.

comprising:

receiving said pulsed ultrawide band signal, said pulsed signal
having a pulse shape, a bandwidth, a pulse width, and a pulse repetition
frequency, said pulsed signal comprising two or more interleaved pulse trains
having equal pulse repetition periods, said interleaved pulse trains being
spaced by a pulse spacing, said pulse repetition period being greater than
said pulse spacing;

filtering in a matched filter said received signal to form a filtered
signal, said filter being matched to the pulse shape of said received signal;

processing in a low-pass filter coupled to said matched filter said
filtered signal to form a processed signal;

converting said processed signal from an analogue signal to a
digital signal;

serial-to-parallel converting said digital signal at a rate greater
than the pulse repetition frequency of said‘ received signal and to produce a
sampled signal; and

processing said sampled signal to produce an output signal
representative of said received data.
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30. A method according to claim 29, further comprising separating in-

phase and quadrature pulse chains from said received signal.

31. A method according to claim 29, wherein the step of processing the
sampled signal comprises delaying said sampled signal by one or more pulse

repetition periods.

32. A method according to claim 31, wherein the step of processing the
sampled signal further comprises selecting a predetermined pulse stream
from said received pulsed signal. .

33. A method according to claim 29, wherein the step of processing the
sampled signal comprises equalizing one or more channels in said
predetermined pulse stream to form an output sighal representative of said
received data.

34. A method according to claim 33, wherein the step of equalizing
comprises applying a recursively square algorithm to said predetermined
pulse stream.

35. A method according to claim 29, further comprising despread said
delayed signal. '



