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Abstract: In order to adapt to all kinds of spectral mask and utilizefthifrequency band and avoid interference to/from the taxgs
wireless systems for ultra wideband (UWB), this paper itigases two pulse designs for ultra wideband-cognitivéagdWB-CR)
by using multiple modified transform domain communicatigstesm (M-TDCS). By applying multiple M-TDCS and installireg
different power scale factor to each sub-band with abouGH2, the first flexible and implementable pulse is generadBgdising a
combination of the multiple M-TDCS and compressed chirpeaftarm, the second pulse is accomplished. The two new putsdsaan
be implemented by surface acoustic wave (SAW) devices ame sther accessorial devices as well, moreover, comparitigtie
seventh order derivative of Gaussian pulse, the bit ertar BER) performance by using these two pulses can be oaislsrimproved
2-3dB for UWB systems. For BER performance, the second psilsetter, but it is more complex.

Keywords: Pulse design, Ultra wideband-cognitive radio, M-TDCS, @oassed chirp.

1. Introduction its flexibility and computational efficiency[4], and anothe

. . . suggestion is the transform domain communication sys-
Recently, ultra wideband (UWB) [1] integrated with cog- tem (TDCS) as a potential candidate as well [5]. The lit-
nitive radio (CR) [2] (UWB-CR) has gained significant erature [6] gives a detailed description about the TDCS
interest due to its ability to exploit the advantages andtransmitter and its receiver system, and highlights the fun

unique features of these two spectrum sharing techniquegamental differences related to OFDM and multicarrier
[3]. UWB can share the spectrum with some existing nar-code-division multiple access (MC-CDMA).

rowband wireless systems, and CR can recognize the radio
scene and regulate its communication scheme so as to uti- With respect to UWB, two standards have been pro-
lize the frequency spectrum more efficiently and flexibly. posed, named as multi-band orthogonal frequency divi-
While UWB-CR not only can utilize CR to implement col- sion multiplexing UWB (MB-OFDM-UWB) and direct-
laborative coexistence schemes, but also can use UWB assequence UWB (DS-UWB) respectively [7,8]. In order to
versatile PHY layer and adapt to various wireless channeévoid interference to/from the existing wireless systems,
conditions based on its inherent capability and scalgbilit MB-OFDM-UWB divides the UWB spectrum into many
With dynamic spectrum allocation as a major task of sub-bands, and meanwhile, deactivates some of sub-bands
CR, one of its functions is to select a modulation schemearound these existing wireless systems (e.g. 5.3Hz in IEEE
which is used to adapt to the varying radio environment802.11a WLAN frequency band); however, DS-UWB, be-
by utilizing spectrum holes. For the modulation strategying an impulse radio (IR) UWB, commonly generates a
of CR, a natural choice of former study is the orthogo- spectral notch to solve the interference problem [9]. UWB-
nal frequency-division multiplexing (OFDM) by virtue of CR, based on IR, can theoretically generate an adaptive
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UWB pulse waveform for avoiding interference. Dependedgiven bandwidth . A block diagram for the TDCS transmit-

on the linear combination of orthogonal prolate spheroidalter is shown in Figure 1. The TDCS transmitter firstly sam-
wave functions (PSWF), the literature [3] investigates-a de ples the radio environment, and then, the sampled values
sign method of pulse waveform optimization, but PSWF are compared with a hard limiting threshold to generate a
needs a large quantity of calculation, so this waveform isvectorA’ (w) representing an interference free spectrum of
only used in theoretical analysis, and is very difficult to the radio environment. Amplitudes df (w) exceeding the
implement for device. threshold are set as zero and the remainders are assigned to

Since US Federal Communication Commission (FCC)a value of one. Nextd’(w) is multiplied by a multi-valued
released a spectral mask with some restrictions [1] foaultr complex pseudorandom phase veat8™) to get a new
wideband in 2002, the research on UWB has been mainlyector B, (w). In order to ensure that the communication
centered on 3.1-10.6GHz frequency band based on FCC’symbols have the desired signal energiBg,w) is sub-

UWB spectrum mask, however, the UWB mask is dissimi- sequently amplitude-scaled by constant factor C. Finally
lar in different countries or regions [1,10], and so theaari the resultant spectral vectd?(w) takes the appropriate
tions of UWB mask should be taken into consideration andinverse Fourier transform to produce a time domain ba-
other frequency bands besides 3.1-10.6GHz should also bsis function (BF)(¢), which can be stored and modulated
utilized. in accordance with a dat#t)[5, 6].

The pulse compression technique of linear frequency
modulated (FM) chirp waveform possesses high process-
ing gain, and is widely used in radar systems [11]. The
chirp waveform and its correlation process are easily ac-
complished by using surface acoustic wave (SAW) chirped
delay lines [11,12]. Based on the instantaneous frequency
of the linear chirp waveform varying linearly with time, the
literature [13] constructs a time-frequency mapping pro-
cessing to modify chirp waveform. This scheme requires
only time domain processing compared with TDCS, but
this processing needs to accurately sense this extremely
wide spectrum in real time because the UWB bandwidth is
extra wide. However, any details about how to detect this
extra wide spectrum are not mentioned in literature [13].
Moreover, the performance of the proposed scheme isn't . )
superior to that of TDCS. Figurel TDCS Transmitter.

In this paper, we propose two pulsesftwB-CRbased
on multiple modified TDCS (M-TDCS). Both of two pulses
use multiple M-TDCS to detect the UWB spectrum in real
time, and can avoid interference to/from the existing wire- 2 The basic th f chi f
less systems, and besides, the two pulses can use the fl%l‘ - I ne basic theory ot chirp wavetorm
frequency band for any UWB spectrum masks, and can be | .
implemented by SAW devices and some other accessoridl CNirP waveform [11,14] may be expressed by

devices as well. t) cos(2m( fot + E42) + t| < Lm
The rest of this paper is organized as follows. Section,;, ;) — B(t) cos(2m(fot 51 + o).t < 73 (1)
2 introduces simply the work procedure of TDCS and the 0, It > Lo

basic theory of chirp waveform, and the proposal pulses 2

for UWB-CR by using multiple M-TDCS are described in whereg(t),fo,T,, are the chirp envelope, the center fre-

Section 3. Section 4 gives the simulation analysis, and thejuency, the chirp duration, respectively, is the initial

conclusions are drawn in Section 5. phase of the chirp waveform, anpdis the chirp rate (also
named frequency sweep rate) and may be positive or nega-
tive. Whenu > 0, ch(¢) is called an up-chirp,whem < 0

2. A brief review for TDCSand chirp , ch(t) is called a down-chirp. _
eform The instantaneous frequency of chirp waveform can be
wav written as
d(2m(fot + &¢2
2.1. The work procedure of TDCS Fonlt) = % (27 (fo tltZ )+ %) _ fo+ut )

With the assumption that both the transmitter and receiver From (2),thef.;(¢t) and¢ maintain a linear relation-
are observing the same electromagnetic environment, thehip, and the chirp rate remains constant in each chirp
TDCS produces a complex sequence which avoids existduration. The bandwidtlB, of ch(t) is corresponding to
ing users or interferences by operating dynamically over &requency-sweep range which can be defineBas- ||
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T,. . When frequency-sweep is stopped, the instantaneous \|/
bandwidth ofch(t) depends om(t) . Typical choices of

g(t) include [14]: (1) a rectangular window with amplitude

1 and duratior;,, centered at = 0 as followsg(t) = Blw b(n)

Al(w) )
[1(t/T:,) , and (2) a truncated Gzaussian pulse shown as | et }—>|Scalc(‘ }_>| IFFT |—>
—
follows g(t) = H(t/Tm)(\/ﬁe 3.7 ).

Wheng(t) = [[(t/T},) , the autocorrelation function  Figure2 M-TDCS scaled by the mask valudask;,.
of ch(t) is given as [12,14]

sin(mBat(1 — L))

pe (t) = VBT Tm = cos(2m fot), |t < Ton(3)

7 Bst
Because the energy pf(t) is concentrated in the cen- Sp‘igf‘im I:Mask
ter of time compared withh(t) , p.(t) is also named com- Masks e n
pressed chirp waveform. Mask; Vask w
4 as 'J\[

3. Proposal pulsesfor UWB-CR
Figure 3 The first pulse design for UWB-CR by using multiple

In this section, we describe the two proposal pulses foM-TDCS .
UWB-CR by using multiple M-TDCS.

) Depended on the above worK(n) can be expressed
3.1. The M-TDCS and first proposal pulse as

M
3.1.1. M-TDCS b'(n)= > b,.(n) n=12,..,N
_ o N 4)
The TDCS can dynamically sense the radio environment =3 % 3 A;nMaskjme—j(Q’T(l‘1>("‘1>/N)
and generate a time domain BF, so we only modify appro- m=1" [=1

priately the time domain BF to meet the requirement of\yhere N is the point number of inverse Fourier transform.
UWB mask, and the first UWB-CR pulse can be obtained.

The phase vectar?(®) of TDCS mainly ensures that
the time domain BF has correlation properties similar tog 4 o Generating the mask value
that of a noise signal in military application, but it is bet-
ter that the energy of a UWB pulse is concentrated on th
center of the time, so we abridge the veatdK™) . There
are different UWB masks for the different countries or re-

gions, we use a "UWB Spectrum Masks” module to pro- . :

vide different UWB masksA{ ask; (). Because the UWB DS_FJ)\;VIBR %ﬁlﬁé\é\{%gg:ﬁlgs(cﬁﬁ)m S\i/aBr.eTa;Wdeoggerg,mn;nrryed

frqulen(;]y sp%(;trum IS extremely W|c_ie, mhorder to Senseadopted modulation schemes of these two signals include

:)aflpLIJV\)//Bt C?Rr?m?hzn(\j/lronm_ent to satisfy the r_equwementpulse position modulation (PPM) and pulse amplitude mod-
- ynamic spectrum allocation and theulation (PAM) [15-20]

power control, we divide the UWB frequency band into PPM-TH-UWB. PAM-TH-UWB can be expressed by

M continuous sub-bandB,,,(m = 1,2,...M) , accord- (5), (6) respectiveiy.

ingly, we give a mask valué/ask;,,(f) for each sub- T

band based oi/ask;(f). Finally, the power scale factor L - ) .
i) Y e P SM () = /% > opt =T = ;0T —ed™ ) (5)

8n (4), the values of the vectot!, are "1” or "0”, so the
crucial task oft/(n) is to gainMask;,, (f) depending on
the selected mask/ask;(f) .

C of TDCS is replaéed by the mask valdéask;,., (f) , Li/Ns ]
so the M-TDCS is obtained. J=meo
The TDCS is actually a digital communications archi- o
tecture, so we express BF witkin) instead ofb(t) . Let s (¢) = \/JEVT Z e® (t—iTe —C;PT)  (6)

i p
each sub-band,, employ one M-TDCS to generate one P L/ ]
sub-BFb!,, (n), and sum\/ sub-BFs to get a new time do- )
main BFb'(n) . After the signab’(n) is converted by DAC In (5), (6),K, T , €5 denote the index of user and the

device, a new pulse nametlw 5_cr1(t) for UWB-CR pulse repetition time and the symbol energy, respectively.
can be obtained. A block diagram of M-TDCS is illus- C;" is a TH sequence (also named pseudorandom (PN)
trated in Figure 2, and first proposal pulse is illustrated incode) of thek!” user, and the period of TH sequence is
Figure 3. N, T, is a delay time governed by TH sequence, and
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is a constant. As shown idi\(k;/NSJ € {0,1}, e‘(k;/NSJ € After that, we can obtaid/ ask;,, as follows

{-1,+1},| ] represents an integer operato(t) is the Mashre (/K teB
pulse waveform with a duration tinig, , 7;, < T,. Fora  Maskj,, = { s ! "i=1,2 (13)
fixed T , the symbol rate?, determines the numbey, 0 f¢Bm

of p(t) which is modulated by a given binary symbol via  \we give an example adopting the US FCC mask [1]

Ry =1/(N,Ty) . for seeking the tighter mask ask;( f) and dividing sub-
PPM-DS-UWB, PAM-DS-UWB can be expressed by bands. As is shown in Figure &, ~ Bg are eight con-
(7), (8), respectively. tinuous sub-bands. The tighter maskask;r(f) is given
by
oo N,
S () = /% > aPp(t — 5T = nT. — eb?) (7) —75.3dBm/Mhz, f € [0,1.61)GHz
s == Mashye(f) = —63.3dBm/Mhz, f € [1.61,3.1]GHz (19)
@SRIT) =\ —41.3dBm/Mhz, f € [3.1,10.6]GHz
- > M —61.3dBm/Mhz, f € [10.6, 12]GHz
SP0 =5 Do Db et —iT —nL) @)
j=—o0 n=1
In (7) and (8)¢, , k are the same as in (5) and (@).
is the duration for each data bit, apds the index for the A : : : j l
data bit. The data sequenhjé) € {0, 1} of the k' user '401:“"7; 777777 E— E— — =
is a binary bit stream that conveys the information, and  ™°[ ~ [~ I — Fecsrdoortask 1 L 1]
i (k) i th chi S e e .
e is a constanta,,” € {—1,+1} is then'™ chirp of the n N ! FCC's Outdoor Mask | |
k' user, and each frame @} seconds contain®, chirps = 95~ "m0 Tighter Mask_ B
with duration ofT,. seconds per chirfil,, = N, T.). é ey e e - - - S
For PPM-TH-UWB, letC\") in (5) be an independent g T
integer-value and be uniformly distributed ovér V,] , A e - T
and Ietd(L’;)/NSJ be independent identically distributed bi- ;zi o ]1’5:2: ﬁ é{[ i 84 1‘: b5 f j 85 :}jg{ ) % 5 |
nary data symbols with energy spreading oveN; frames, ’ | | | | ]
the power spectral density (PSD) fﬁ’{l)(t) can be ap- b 2 4 6 8 10 12
proximated as [17] Frequency (GHz)

un () = Z|P()P (©)

whereP(f) is Fourier transform (FT) op(t) . A similar
result is also derived in [18] for PAM-TH-UWB.

For PAM-DS-UWB, let the chip sequence satisfy the o _
meanu = 0 and variancer®> = 1 in (8), ands®™ pe in-  3-1.3. The device implementation
dependent identically distributed binary data symbols, th

Figure4 A tighter Mask and a division of the frequency band.

For TDCS, the most effective method for the real-time

(1) i . S X
PSD forS, " (t) can be approximated as [19] radio spectrum evaluation is autoregressive (AR) method
& ~ 551 p( )2 10 [21]. The AR method can be implemented by the real-time
wut(f) = i' ()l (10) Fourier transform, and meanwhile, the time domain BF

can be generated by the real-time inverse Fourier trans-
form. The real-time transform domain processing technol-
ogy can be accomplished by SAW devices [22], and the
real-time Fourier transform and inverse Fourier transform
B (f) = K| P(f)]? i=1,2 (11)  canbe generated based on the multiplication and convolu-
) ) ) tion of desired signal by the linear chirp waveforms through
wherekK; is a constantis’; is defined by the symbolenergy saw [23]. Furthermore, the M-TDCS can also be per-
and the frame duration for TH-UWB, arfgl; is governed  formed by SAW devices, so th8;ws_cri(t) can be

by the symbol energy and the chirp duration for DS-UWB. jmplementable by using SAW and some other accessorial
In order to ensure thal/ask;,,(f) is a constant, we  devices as well.

need to seek a tighter madiask;r(f) < Mask;(f) .
A typical task required by the pulse shaper for UWB is to

meet the UWB mask, so we lét,..(f) < Mask;r(f) < 3.2. The second proposed pulse
Mask;(f) forall f. By this, we can get a condition as

The index for the frequency spectrum 8w 5—cr1(t)
P(f) <\/Mask;jr(f)/K; i=1,2 (12)  matching the UWB mask depends dfusk;,, , however,

A similar result is also derived in [20] for PPM-DS-
UWB. Based on the above-mentioned, the PSD for UNB
signal can be given by

(© 2012 NSP
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Mask;, is generated based on the tighter masksk;(f) UWB | MIDCS, || MIDCS, | IEI
, S0 this index is suboptimal, e.g. in this example adopt- | T ;

ing FCC UWB mask in Figure 4, this matching index is Hn) g i) W)

only 88%. At the same time, because the UWB mask is Mask;

dissimilar in different countries or regiond/ask;r(f) is ¥'(n)

also different for the dissimilar UWB mask so as to cause v Sows)  Sows() Suws_cr(n) Suws_cra(t)

the Mask;,, variation in the same sub-band. In order to coper(l

increase this matching index, and eliminate the weakness P Pt A I_’| Butter ' - '

of the mask value, and meanwhile, considering the device

implementation and the performance of compressed chir&igure5 A pluse design for UWB-CR using compressed chirp
waveform superior to that of the chirp waveform, another,ayeforms and multiple M-TDCS.

novel UWB-CR pulse is proposed by using multiple M-

TDCS and a set of compressed chirp waveforms.

i = Bis/Tim = (fir — fir.)/Tim (7)

3.2.1. Pulse design

Firstly, we still divide the UWB frequency band into M
continuous sub-bandB,,,(m = 1,2,...M) , and let the
factor C equal one for each M-TDCS. Secondly, let each In (16),(17),(18).fi0 , fiz and firr denote the center

sub-bandB,, employ one M-TDCS to generate one sub- frequency and upper Iimi'F }‘Lrequency and lower limit fre-
BF v (n) , and sum M sub-BFs to get a new time do- quency respectively for thé" sub-bandyz; , Bis, T;n are

main BFY” (n). Becausé' (n) represents the interference 1€ CNirP rate, the frequency-sweep range and chirp dura-

free spectrum for the radio environment, and can changé\'on rgspectwely for the™ compressed chirp waveform

with the electromagnetic environment in real time, we re-pCi(t)’ PSD(p”'(t)? ' MaSkﬁ_ are the PSD 0p.;(t) , the

gardb”(n) as an adaptive notch filter. For different UWB mask vale respectively for the sub-band.

masks, we still use a "UWB Spectrum Masks” module to ~ We still give an example a_d_optln.g the US FCC mask

provide different UWB maskd/ ask;(f) . The lastworkis ~ forfixing fiz, firr ,Mask;; and dividingi sub-bands, which

to acquire a signal satisfied the UWB maskask;(f) by IS Shownin Figure 6.

using the optimal combination of compressed chirp wave-

forms, and to let this signal pass this adaptive notch filter

to obtain the second new pulse for UWB-CR. A block di-

agram for this pulse design is illustrated in Figure 5. 38 Maski1 |
Based on the above-mentioned wdrk(n) can be ex- -

pressed as

1 1
—— FCC's Indoor Mask

M P FCC's Outdoor Mask I

b”(n): Zb%(n) n:172,...,N §— - T ————T-————7——~f—79-"%—-—-4
=1 S I I I Maskj4 !

X (2m(k—1)(n—1)/N) 3 F B L L Lkt EET

_ Z iZAI e—j27rk—1 n—1)/N 3_ T T .4
e 2 ~~Mask3 | | Maskj5 |

. . . . [ T T -7

where N is the point number of inverse Fourier transform, L —Mask2 |

A’ denotes the vector representing the interference free ¢ —f3HIAL | e
L L e A e B

spectrum of then!” sub-band. The following work is to A | | L BH
generate the signal satisfying the UWB mask by using - ahen 1 A‘\*I
compressed chirp waveforms. - ‘ ‘

4
|
1
4 6 8 10 12
frequency (GHz)

3.2.2. Generating the signal satisfying the UWB mask by

using compressed chirp waveforms Figure6 fir, fir ,Mask;; for thei’" compressed chirp wave-

forms .
Based on (3) an®; = |u| * T}, , we know thaip.(¢) de-

pends onfy , T, , i+ . Because the value fav/ask;(f)

is different in each frequency band, we dividifask;(f) The Maskj; is given by
into I continuous sub-bandd/; based on the different
value of Mask;;(f)(i = 1,2,...I), and employ one com- —41.3dBm/Mhz, f € [0,0.96]GHz
pressed chirp waveform for each sub-band. THecom- Mask _gggggm§%24§ g {(1)‘2?7 ;?ﬁé%ﬂz 19)
; ; ask;; = ¢ —063. m Z, .61, 3. z
pressed chirp waveform can be given by J —A13dBm/Mha f € [3.1,106]CH>
fio = (fir + fim)/2 (16) —61.3dBm/Mhz, f € [10.6,12|GH 2
© 2012 NSP
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Since the mask values are different between the fre-

After the signalSyws—cr(n) is converted by DAC

quency band 1.61-1.99GHz and the frequency band 1.99device, we obtain a novel pul$g;w p_cr2(t) for UWB-
3.1GHz in Figure 6, and the bandwidth of [1.61,1.99]GHz CR.

is very narrow, so we unite these two frequency bands into

The compressed chirp waveform can also be generated

one band with the mask value -63.3dBm/Mhz in order toby SAW device [11,12], so the puls&;w p_cr2(t) can

reduce the amount of compressed chirp waveform.

By a combination of a few compressed chirp wave-

forms, we generate the signélw(t), which uses the

also be implemented by SAW devices and some other ac-
cessorial devices as well.

full frequency band of this mask and meets the require-

ment of this maskSyw () can be expressed as

> coiPelt)

Poi(t)| fr=Ffir.fa=fir T = Tmi, Mask; = Mask;; }(21)

In (20),(21) p.; (1), co; denote the! compressed chirp
waveform, and the coefficient of thi& compressed chirp
waveform, respectively.

In order to obtain the best matching index with the
UWB mask, we utilize the iterative algorithm to get the
optimumC—”O . The procedure is described as follows:

Step 1: SelectianWe choose a group of compressed
chirp waveforms.

Step 2: Initialization Using a random way to generate
an initial value ofﬁo named afos . After that, checking
whether the PSD of obtained wiﬁoS meets the selected
maskM ask;.

Step 3: Pre-processindf M ask; in the Step 2is met,
Iet@o = C‘)OS , then skip taStep 4 otherwise, reped&tep
2until Mask; is met.

Step 4: Iterat|on Since instep 3we choose a set of
C')O, which is not necessarily an optimal PSD fpr, . we
use an iterative algorithm by changi@o in (22) so that
the PSD ofSyw () can approach\/ask; with a best

weight coefficientﬁo.

——T =

Suwns (t) =C, P.= (20)

{

c'., PSD(T.."P.) < PSD(C', B.)

U’O < Mask; ﬁow

(22)

Others

wherePSD(...) denotes the PSD &yw p(t)
condition of the iteration is given by
0.95Mask; < PSD(C,' P.) < Mask;
The signalSyw(n) can be gained after th& w5 (t)
is converted by ADC device.

, the stop

3.2.3. The proposed pulse

The signalSyw s—_cr(n) can be calculated by

Suws-cr(n) = SUWB( ) ®@b"(n)

4. System performance simulation

In this section, we firstly produce these two proposed pulse
waveforms, and then evaluate the bit error radio (BER)
performance of UWB-CR by using two new pulses. Lastly,
we make a comparison between the BER of UWB-CR sys-
tem by adopting two new puplse and that of UWB system
by using the Gaussian pulse.

4.1. Waveform evaluation

Assuming the radio environment to exist two narrowband
single-tone jammers, we express these interferences as

Tk(t) e AkCOS(ZTrfkt) (24)

whered,, , fi are the amplitude and central frequency for
the k" interference, respectively.

We assumef; = 3.5GH z for worldwide interoper-
ability for microwave access (WiMax), and = 5.3GH z
for wireless local area networks (WLAN).

4.1.1. The first proposed pulse waveform

The multiple M-TDCS sense the radio environment, and
generateSyw p—cr1(t) . The UWB mask adopts FCC's
mask (see Figure 4), and the parameters in simulation are
listed in Firgure 7.SywB_cr1(t) and its spectrum are
illustrated in Figure 8, in which the top plot shows the
spectrum ofSyw s—cr1(t), and the bottom plot shows
SuwB—cri(t) . From Figure 8, we know that the spec-
trum efficiency forSyw s—cr1(t) is approximatively one,
and the index for the spectrum 8t/w 5_cr1(t) match-
ing the UWB mask can be given by (12-0.96-(1.99-1.61)-
0.2)/12=87.2%.

4.1.2. The second proposed pulse waveform

The multiple M-TDCS sense the radio environmentto gen-
erateb”(n) , and the UWB mask adopts FCC'’s mask, and
the sub-bands dividing is shown in Figure 7. Titen)
and its spectrum are illustrated in Figure 9, in which the
top plot shows the spectrum &f(n) , andd”’ (n) is shown

N .
_ Do Al e=in(k=1)(n=1)/N) in the bottom plot. _
Ei: coipei(n) mzl ; (23) For the pulse&syw 5(t) , we still adopt the FCC's spec-
M N trum mask, and the parametéys, fin ,Mask;; are shown
—_ ) 1 / —j(@2m(k—1)(n—1-1)/N) h A ’ : y JiH ji )
- ;;C‘”p“ Z:: N Z:: ’ in Figure 6. The pulse and its spectrum are illustrated in
© 2012 NSP
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Figure7 The parameters in simulation.
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Figure8 The first new pulse for UWB-CR and its spectrum.
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Figure9 The new BR (n) and its spectrum.

Figure 10, in which the top plot showfs;y 5 (t) , and the
spectrum ofSyw g (t) is shown in the bottom plot.
Based oy’ (n) and Sywg(n) , Figure 11 shows the

pU'SeSUWB_CRQ (t)

the UWB mask is no less than 95%, so the matching index
Suw B—cr2(t) can be given by 0.95-(0.2/12)=93.3%.
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Figure 10 The combinated signal of compressed chirp wave-
forms and its spectrum .

N
S

w
S

N
S
=
|
|
|
|
|
|
=
|
|
|

, Amplitude
=
T
|
|
R [ S A
|
|
|
+
|
|
|
|
|
|
|
|
|
I
|
|
"
|
|
|
T
|
|
L

f

=)

R
=]
w

Figure1l The new puls&uw s—crz(t) for UWB-CR.

4.2. BER performance evaluation
4.2.1. The first proposed pulse

We evaluate the BER performance by using two new pulses
in such two typical modulations of IR-UWB as PPM-TH-
UWB and PAM-DS-UWB. The utilizes the full interfer-
ence free spectrum of FCC's UWB mask, however, in or-
der to satisfy the FCC’s UWB mask and maintain the pulse
bandwidth as wide as possible in UWB system, at least the
seventh order or higher derivative of the Gaussian pulse
should be used [24], so we compare the BER performance
of Sywp—cr1(t) with UWB system by using the sev-

From Figure 9 and Figure 10, we know that the spec-enth order derivative of Gaussian pulse through the com-

trum efficiency forSyw g—cra(t) is also approximatively
one. Based on the generated procedur§@f 5 (), the
index for the frequency spectrum 64w 5 (t) matching

puter simulation. The time width and shape factor of the
seventh order Gaussian pulse are 10ns and 0.2ns, respec-
tively. For (5) and (8% = 1, C; € {1,2,3} ,N, = 3000
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Ty = 0.5ns T, = Ins, e = 0.25, T, = T, = 9ns, seventh order derivative of the Gaussian pulse.From Fig-
N, = N, = 3. The average transmitted powers of UWB ure 13, we also can conclude that the second new pulse
systems are all -41.3dBm in the simulation. also improves the BER performance for UWB systems.

With the assumption that the radio environment is an
additive white Gaussian noise (AWGN) with two narrow-
band single-tone jammers, the BER values of systems are
shown in Figure 12. In Figure 12, CR-PPM-TH-UWB and
CR-PAM-DS-UWB are the BER performance of UWB-
CR systems by using the pulSew s_cr1(t); Gaussian-
PPM-TH-UWB and Gaussian-PAM-DS-UWB are the BER
performance of UWB systems by using the seventh order
derivative of Gaussian pulse. From Figure 12, we can con-
clude the BER performance of UWB-CR systems can be
improved about 2-3dB compared with that of UWB sys-
tems.

—&— Gaussian-PPM-TH-UWB | = =\

—%— CR-PPM-TH-UWB \\
—#—QGaussian-PAM-DS-UWB| — = —x -~~~ —~ ~ -~~~
—4— CR-PAM-DS-UWB i N S T

4 | | |
0 2 4 6 8 10 12 14 16
Eb/No (dB)

Figure13 BER versust/No .

10 [~ Gaussian-PPM-TH-UWB |z = =sj==5J===g===1 5. Conclusion
| —¥— CR-PPM-TH-UWB ===7 . . .
| —— Gaussian-PAM-DS-UWB |- = = 1= = ST S oI 0D Using multiple M-TDCS, this paper proposes two novel
I s s o S R R R pulse generation methods that are capable of sensing the
0 2 4 6 8 10 12 14 16 communication scene in each sub-band, and comply with

EN (4B) the UWB power spectral mask. The two new pulses can

be implemented by using SAW and some other accessorial
Figure 12 BER versusZ,/No. devices as well, and may utilize the full frequency band
for the UWB mask, and greatly improve the utilizing ef-
ficiency of UWB spectrum. Because it is difficult for the
Gaussian seventh order derivative to be implemented, so
the anti-jamming capability and realizability of two new
4.2.2. The second proposed pulse pulses are more excellent than that of the Gaussian seventh
order derivative pulse. Since both new pulses utilize mul-
In order to get BER performance evaluation of the sec-tiple M-TDCS to sense the radio environment, the com-
ond proposed pulse, we still evaluate the BER performancelexity for UWB-CR system adopting two pulses will be
by using the puls&yws_cr2(t) in PPM-TH-UWB and  added and how to avoid it is worth further research.
PAM-DS-UWB, and compare the BER performance of the
second proposed pulse with the seventh order derivative of
Gaussian pulse through the computer simulation. The timéAcknowledgement
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