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AN ULTRA WIDEBAND PULSE SHAPER FOR IN BAND INTERFERENCE

MITIGATION

FIELD OF THE INVENTION

The present invention relates to an ultra' wideband pulse shaper for in band

interference-. mitigation. More particularly the present invention relates to an ultra

wideband pulse shaper-approachito avoid the conventional narrowband carrier aiid most

particularly to reduce the narrowband interference in a receiver. using doublet Gaussian

Pulie to produce adapted spectral notch in the generated pulse.

BACKGROUND OF THE INVENTION

The unlicensed usage of a very wide spectrum. that overlaps with the spectra of

nattowband techriologies taised some:concerns. Therefore, significant interfererice can
affect. dltra. wideband, (hereinafler referred as UWB throughout this specification

including the claims) signals from-existing narrowband systems.

In particular; high UWB-system throughput requires, that it must coexist and

contend with a. varicty of interfacing signals. UWB: systems are able to co-exist with

natrowband techniologies such as GPS, PCS, ISM, 1EEE 802.11b/g and FWA, UNI-ISM

band IEEE 802. 1 la due to regulation by Federal Commission Commiittee (FCC), ..Figure
1.,

SUBSTITUTE SHEET (RULE 26)

PCT/MY2008/000151



WO 2009/066985

10

a5

Howevet, -‘th‘é mﬂueneef of the figrrowband signals on.the UWB. system-can still
be sxgmﬁcant and in an. extreme. case these sngnals may Jam the UwB - recewer

completely. Lven though narmwband 51gnals mterfere W|th only a small fraction of the -

UWB spectrum (particularly -.a.r,ound;cth_e-ﬂcz_arrn:er .frs:q_u.emy).duc-‘:to their relatively high -

power with respect to: the UWB sighal, the performace and capacity’ of the UWB

systems can be affected corisiderably.

Pulse shaping approach is a useful means to control the: signal §pectrum and to

avond mterference legacy narrowband 0. UWB mgnals [n the: present mventlon the -

_Gau351an doublet is-used whlch is.a pair-gf separated NATow: second derivative Gaussnan, .

pulse; This offers to-degree of freedom, time separatxgn bﬁt.Wﬁe!ls the two pulses in the:

doublet and time separation between doublets.

SUMMARY OF THE INVENTION

The present invention:generally relates to‘an.ultra wideband pulse shaper for in band
interference mitigation, A flat-frequency spectrum ‘of the transmitted signal ‘over the

ba'ndwidth of the pulse is-obtained by-avoiding.a DC component and wherein a d__esi’ted, |

frequency spectrum of the monocycle- waveform is designed to. be flat. over a target.
‘bandwidth, Gaussian waveform. pulses are used due to ‘the flexibility. and low.

~ cothputation process in'the pulse gefieration in a receiver.
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- The Gaussian doublet:is used which consists of a pair of separated narrow-second

derivative Gaussian pulse wherein @ positive pulse followed by a negative pulse. The.
amount of. inferference at-an. UWB receiver due to a.narrowband emitter-is highly-
- dependent on the carriet frequeiicy for the respective systems-as well:as their place on

UWB bandwidth. Two-degrees of freedor is:provided wherein tite separation between

the two: pulses in the doublet and time separation between doublets.

BRIEF DESCRIPTION OF THE FIGURES

Figure. I 'shows a graph. showing. spectrum crossover of -a narrowband interférers in

UWB system

Figure:2 shows'a diagrammatic view-of a possible coexistence scenario with-UWB and

NB systeims

"Figure: 3 shows ‘a ‘graph ‘showing: time domain. representation a second defivitives

“Gaussian pulse -
_lFigu.re'i_i shows graph showing time domain representation doublet Gaussian pulse

 Figue Sshows a flow chait of & UWB intetference mitigation using UWB' pulse

' shaping.
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'DETAILED DESCRIPTION OF THE PRESENT INVENTION

PCT/MY2008/000151

Reference is made to Fi igure 2 wherem a ‘typical. coexisterice scenario with an

,mter!erencc problen is: deplcted In pamcular this: Flgure 2. shows a. reallbtlc scenario

narrow.band (h,eremaﬂer’also referred as NB,th‘ro_u_ghout the specification including the

claims) communications, which cause undesirable system: throughput degradation.

The.presence of narrowband interference with UWB: systems reduces the signal

to- interfetence: — and ~ noise- ratio (hereinafier also referred as SINR. in this

description including the claims) Atthe'receiver, and hence the bit error rate, therefore -

affects the quality of the. radio link, includingi-m'ore packet losses, which results in an

overall redm,uon of the sysiem: 1hroughput and iincrease of energy consumpuon In: the :

v_prescnt mvenuon it provndcd themn an in band mterference mmgallon approach. in

~which a notched. barid is coitributed in the pulsc spectrum usmg the ﬂcmblhty of the

doublet Gausslan pulse generatlon

Systems with'a ﬁxed‘linkcapac’ity.must be .designéd :in.orde,r to. SLIStain- the ‘worst, -

possnble condmon which is called maximuin. sustamab!e mtcrference (heremaﬁcr also
=refcrred as MSl throug,hout thm specification, mcludmg the clalms) This in turn
“ithpoises a low overall _pgrfqntnancc; Systems with an adantilive link capacity can take

_ adﬂlantage of good chainel conditions to'transmit with a higher sighal — to — interference
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— noise ration and in case of channel dégradation; their adaptability prevents complete

communication outages.

In ‘orie scenario as shown: in Flgure 2, UWB node- fi rst. should determmed the’

1mpact of narrowbaiid: mterferences onthe UWB system performance, which’ depend il

many factors such as pulse shape, modulatlon type dlstance between mterferer and the‘

“-victim receiver and:etc, and t_h__en -adapt the UWB' t'ransm‘15310n signal such as ppw'er

sspectral density o guarantee intetference mitigation and cancellation.

Pulse shapmg approach is:a useful means to-control: the: s1gnal speclrum and to:-

Gaussuan doublet is used which is a pair. of separaled narrow second derivative Gaussmn’

'~pulse This offers: lo degree of freedom time separatlon between the two. pulses in the-

*-doubletand tlme separallon between doublets.

Several approaches have been used to-generate UWB short pulses. Historically;

UWB signals are. generated ds:i:d‘g;'the Max — generator, ;‘sho_cké.'excitat_ibn of wideband
.‘ra‘nte'nna,_ time gated '{os,cill;fitor, a e‘omb’ina__tion of. conventional uheter’o’d.'yning and gat‘ed'
"pewer amplifier, pulse modulanon and Fourier techmqueq ‘Various waveforms types:
_ .have been. proposed for U]tra wideband meludmg Gaussian, rcctangular, Hermlte

’p‘rc_):lats‘sphcrmdalt?nd‘Wayele.t;e
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In general, the:gaal i to obtain 4 flat frequency spectrum of the transmitted

‘signal overthe bandwith of the pulse and to avoid a Direct Current (Wereinafter also
* referred as DC throughout this :specification a_nd;;'ifnc"luding 't'he;aclai'ms) component. A
“thonocycle should have zefo DC componerits to allow it to radiate effectively. In fact, to

satisfy the UWB:emission constraint specified in Fcc:reguzlaﬁon,*the.aesi"red frequency. .

spectrum of the monocycle wavefonn should be ﬂat over a target bandw1dth not
mcludmg the zero frequency In the: present mvemlon Gaussian waveform pulses are

usted ,du,e-ﬁto*'_the;f.ﬂexlb'nht’_y and lowficbmputatioh process in the pulse generation in the’

receiver;

'Iﬁ-’-‘the."pl‘e‘sént invention, ‘Gaii's‘s"iah‘% ‘ddub‘let is u‘Sed.Wh’ic'h*i's:a 'pal‘ri?df-:separat‘ed. C

‘NArrow second denvatwe Gaussian pulse lﬂgure 3, A posmve pulse followed by a .
rnegatwe pulse. ThlS ol‘lers two: degrees of freedom, time separatlon between the two
plilses it the: doublet and’ t:me separanon between doublets. The Gauqsxan doublets can

be desigied’ by rcgulatmg the posmon ol the second Gaussian pulse (the first pilse- PO(t) .

 begins att=0, the second_.:one"i?1.(().{ibegi"ns at.t=Tn) as shown in Figure 4.

Since. the power of UWB! system’s signal may be spread over a very wide "

bandwidth containing: existing ffieguencics..al,l'OCated..-.td :muiltipie'-ex'i'stin__gf narroWband
.:Syjs"t;ems, it is .cer,t'aihffftha_.ﬁtf thc UWB system is subjected to interference from those
v.~ﬁar’fc)“'\vl5and« A'Sysitéi’r_lnsf} The: fatiibhhl; of interference at an UWB; recciver due to a
.nerrowband emltter is: hlghly dependent on the carrier- frequency (mterferer frequcncy)'

for the respcetwe systems as; we]l ds.. thelr place on UWB bandwudth “The: main
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mtcrfcrence source to UWB is: the in —band — mterference (heremaﬁer also refened as

Bl -throughout:‘thxs ':‘s.-pbcfmca'tmﬁ 'an‘df‘m‘c‘:'l udm'*g‘ th‘e- clainis) 'v‘izz. 'tlié"Uﬁliééﬁ"séd’ Nati()‘nal'

Information Infrastructure (UNI I) speclrum ‘of ereless Local Area Network (WLAN) ,

(5 8Ghz) and Fixed Wm:]css Ac,ccss (F WA) ('49 Gh7), which - aftects with.- deep

mtccterence,-n,n‘ ,th“_e-comespoﬁdnng;-béndSs

~ ‘Reference: is now made to Figure 5 wherein is shown therein an interaction

invelves ‘active negotiation and. communication with other spectrur, decision making,

: »(‘SPQQI‘er;’ad?PﬁOﬁ)"Wiihifn:_t:he ‘.t&d’i:q;}'a;n.dt share these: information- within thé:"ﬁ'etworka
mieiibers: (co~0perat|0n) The system starts wnth the. dlscovcry of the wireless channel S0.

as to' sense the avallab!e spectrum resources. Herc it is consndercd that two types of

;mtecfgrcnac_ to. UWB: receiver; coexisténce systémse-’mterferent:é- (NBI) and ’U_WB t_gi '

‘Q,W:B_gi’lltcrfcmnéﬁ?,. There: are :two “types. of “co-existence  interference; .'backgfdund

interferefice ,(h‘cre_iﬁgﬁe"ﬁ:al'_s_o‘_,,r'e;_t._i,eﬂrfric':d’ as BGI 'thro_ughpu_ff:ihisf-s,pcci.ﬁca_t'i'on;andJincluc'l.i’hg ?
the claims) and Burs'fv interference. (heréinafter- also A'rfeffferrﬁd as iB,.l; throughput ihis; :
specitication and including the claitiis). The-sigiials from 4 GSM: based. .s_',t'_z;i_t_ifojti_'s_'. and

- 'WLAN. access points are: considered as background intetference. since they are

transthitting almost continuously, which can be mitigated by using a high — pass,or .

antenhas,. w’hose;’ftﬂ“_i'cq.ucncy transfer -_Yu'nct‘i’bns;-shoxvs,;~a sstrong out — of — band attenuation .

' agggjgding' to.FCC.rules. The term, Bl is used ‘for narrowbandinterferences (NBI':) that-

tidnsits their data burst-wise, such as WLAN and FWA nodes.
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| This ’tet';hﬁiiqfli'eé iscalled partial cogﬂiti.ve' radio (He.:‘r'eina’ﬁer;al‘sc-)v refel*redi' as CR
throu,g,hput this speclf cation ard mcludmg the clalms) due to only m - band -
b-narrowband mterfcrence has bcen tackled in. whlch the: fully cognmve radlo should be‘
adaptwe forall types of mterference and the radio can- change its: trammllter parameters

5 'based on -;mteractton_ with the ¢nvitonment 'm‘; which it _(jpj_éra_t"e‘.s, _F,ugu_‘re 6.
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An ultra wxdcband pulse shaper forin band mterfcrence mltlgatlon charactenzed in

that wherein a flat frcquency spectrum of thc transmltted sngnal over'the bandw1dth

- vol ‘the pulsc is obtamed by avoxdmg a D(, coniponent and wherem d desncd

frequemy spectrum of the- monocycle wavefort is des:gned to be flat over a target

'bandwxdth and wherein- Gaussxan wavetorm pulses are used duc to the ﬂemblhty

and-_lnw;:cdmgm‘tatnén:prdcess m..‘.tﬁe pulse f'gg:néra_t_,iqﬁ ina 'fcgeivcj_r;,

At ultra wideband pulsé-shaper for in band interference mitigation as: claimed in

Claim 1'wherein the Gaussian doublct is used which consists of a pair of separated

~ narrow 'second derivative Gaissian. pulse wherein a positive pulse followed by a

negative pulse.

An-ultra. .w-id,ebandi p'u',ljse, shaper, for in band ‘in'terfér’ence:'.m:itigatioh’ as-claimed in
Claim 2 wherein lhe amount of” mterfercnce at an UWB receiver due to a

narrowband emmer is. hlghly dcpendcnt onthe carrier frcquencv for:the, respectwui

systems as well s their place on UWB bandwidth.

An ultra wideband pulse shaper. for %in..',band;~'inter_fér,e|1<':é~,mi"t'i“ga.ti'on' X as."él"aim’ed' it

Claun 2 whereir two degrees of freedom is prowded wherein tlme scparatlon.

between the two pulses in the doublet.and time- qeparatuon hetween doublets
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