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Abstract— In this paper, we propose a theoretical framework most existing and emerging wireless standards employ coded
for the analysis of the impact of ultra—wideband (UWB) interr  multi—carrier modulation in form of BICM—OFDM.
ference on systems that use the popular combination of bit— ; ; ;
interleaved coded modulation (BICM) and orthogonal frequency— "In this E)aper, Wet IprOVId; ??h ar;)c'.‘ttlytlcal fra;mel\évl(z)lr?k tt}at
division multiplexing (OFDM). For the UWB interference we con- a OWSf us 1o accurately pre 'C_ el It error rae_ ( ) of a
sider multi-band OFDM (MB-OFDM), direct-sequence UWB generic BICM-OFDM system impaired by UWB interference
(DS-UWB), and impulse—radio UWB (IR-UWB) formats fol- and additive white Gaussian noise (AWGN). For practical rel
lowing recent IEEE/ECMA standards and standard proposals. evance, we concentrate on UWB formats that will be adopted
Our analysis is applicable to generic BICM-OFDM victim i commercial products in the near future. In particular, we
systems including IEEE 802.11 wireless local area networks ider MB—OEDM. DS—UWB d IR—_UWB following th
(WLANSs), IEEE 802.16 wireless access systems (WiMAX), and consider - ! . »an - ollowing the
4th generation mobile communication systems. Besides theaet ECMA standard [10], the IEEE 802.15.3a standard proposal
analysis we also calculate the bit—error rate for the case wén the [11], and the IEEE 802.15.4a standard [12], respectively. W
UWB interference is modeled as additional Gaussian noise.® glso derive a simple Gaussian approximation (GA) for the
;?fourltsl sr:j%wézgtslr:)get?lir?l tgecl)?‘EtEeoLtl\;\/eBBilrstgf_ca?gnil\eﬁ :ﬁjtet? exact BER which is easy to compute. Our results show that

gy cep yp the impact of UWB interference on BICM—OFDM strongly

sub—carrier spacing. While the Gaussian approximation is gry
accurate for DS-UWB, it may severely over— or underestimate depends on the UWB format and on the OFDM sub—carrier

the true BER for MB-OFDM and IR-UWB interference. spacingA f,. For example, while the GA is very accurate for
DS-UWB and all sub—carrier spacings of practical interest
. INTRODUCTION (e.g.Af, < 10 MHz), for IR-UWB and MB-OFDM the GA

The performance of licensed narrowband (NB) systems isonly accurate for\ f; < 100 kHz. On the other hand, while
the presence of ultra—wideband (UWB) interference has bettie performance of the BICM—OFDM system is practically
studied extensively in the past few years, cf. e.g. [1]-[6tonstant over the entire bandwidth of the IR-UWB and MB-
Besides mobile communication systems [2], such as the Glol@FDM systems, it is frequency—dependent for DS-UWB.
System for Mobile Communication (GSM) and the Universal This paper is organized as follows. In Section II, the
Mobile Telecommunication System (UMTS), and generic urtonsidered system model is presented, and in Section IIl the
coded systems [1], [6], wireless local area networks (WLAN$noment generating functions (MGFs) of the considered UWB
[3], [4] and fixed wireless access systems (WIMAX) [5] havéormats are provided. The performance of BICM—OFDM in
received particular attention since both IEEE 802.11 WLANIWB interference is analyzed in Section IV. In Section V,
[7] and IEEE 802.16 WIMAX [8] operate in frequency bandshis performance analysis is used to study the impact of the
that will be affected by first—-generation UWB systems. considered UWB formats on BICM-OFDM, and conclusions

The performance degradation suffered by IEEE 802.1age drawn in Section VI.

WLANS as a result of generic impulse—radio (IR) UWB and Notations: In this paper,[-]*, £{-}, %*{-}, and ® denote
direct sequence (DS) UWB interference was investigated bymplex conjugation, statistical expectation, the reat pha
computer simulations in [3], [4]. While the simulative stesl complex number, and convolution, respectively. In additia

in [3], [4] are quite comprehensive, their applicability is\/(u,0?) distributed random variable is a Gaussian random
limited to a particular victim BICM—OFDM system. Thus, it isvariable with mear. and variancer?.

difficult to deduce from these results qualitative or quartitie

performance predictions for other existing or future BICM— Il. SYSTEM MODEL

OFDM systems using e.g. different OFDM sub-—carrier spac- The considered system model consists of one BICM—-OFDM
ings and/or different code rates. Analytical BER results atransmitter, one BICM—OFDM (victim) receiver, aidUWB
available for generic uncoded single—carrier systemsirega interferers. We note that for convenience all signals arsd sy
by generic IR-UWB [1], DS-UWB [9], and multi-band (MB)tems are represented by their complex baseband equivalents
OFDM UWB [6]. Although these analytical results prowde

significant insights, their practical applicability is lited since . BICM-OFDM System

We assume that the victim system employs the popular

The completion of this research was made possible thanksltd@nada's B|CM—OFDM concept, e.g. [13], [14]. Therefore, coding is
support through its Bell University Laboratories R&D pragr and the Na- - .

performed along the frequency axis over tNg sub—carriers

tional Science and Engineering Research Council of Can@dant: STPGP i ) ‘
350451). of a single OFDM symbol using the concatenation of a




convolutional encoder of rat&,, an interleaver, and a mem-In deriving (4), we have assumed that the frequency response
oryless mapper. In particular, the elements of the codewasfithe UWB channetz, (f) £ fOT" g (t) e=927It dt is practi-

¢ £ [c1,¢0,...,cmn,] are interleaved, and the interleaved bitsally constant over the range of frequencies whegét) has

are broken up into sub—sequencesnotits each, which are significant energy.

subsequently mapped to symbaig:] from a constellation  Throughout this paper we assume that thig], g, [k], and

X of size |X| £ M = 2™ to form the transmit sequencer, are independent for different UWB interferers. Furthereyor

x £ [x[—N,/2],2[-Ns/2+1],...,2[N;/2—1]] (N, is even). as customary in the literature [14], we assume thatAtg]

The transmit symbols[k] are modulated onto th&; OFDM are independent and identically distributed (i.i.aN)(0, 1)
sub—carriers resulting in the baseband transmit signal RVs, where the independence is due to the bit—interleaving
which is assumed to be ideal. This follows that thig] are

Ns g
S i.i.d. Rayleigh distributed RVs. The delays are modelled as
s(t) = ZN wlk] Pk (t), @) uniformly distributed in[0, 7).
k=—* Finally, we assume that the UWB interference chagpé)

whered, (1) 2 ¢127Af:kt y, (1) is the kth OFDM sub—carrier is constant. This follows that the discrete UWB interfeenc
Or(t) = € ws (1) channelg, [k] can be modelled ag, [k] = g, e/®+[*, cf. (5),
where g, £ |g,[k]| is constant and®,[k] is uniformly

andw,(t) = 0 otherwise, wherd., denotes the the length of distributed in[—, 7). We note that the phase &f[k] renders

the cyclic prefix. The duration of the entire OFDM symbol iOv[k] and cqnsequently,,[k] i.d. for differentk. Assuming

T, = Top + 1/Af,. a conste}nt mterfergnce channel correspondfs to the AWGN
s(t) is transmitted over a multipath channel having imlouls%ssumptlon for the |nterferer_1ce channel and is popula_ren th

responséi(t) which is zero outside the intervé), T¢,]. The literature, €.g. [16], [17], as it a!lows an unob_scured vieiy

received signal(t) is impaired by AWGNn(t) and I UWB the degradation caused by the interference signal.

interferersi, (t), 1 < v < I. Consequently, the received signag  ywa Signal Model

can be modeled as In this paper, we consider MB—-OFDM [10], DS-UWB [11],
and IR-UWB [12] for the interference signal. We note that the
three underlying standards/standard proposals [10], [12]

) also include optional forward error correction (FEC) cadin

where g, (t), 7, and f, are the (causal) UWB interferenceHowever, sincg the appligd FEC coding does not change the
channel impulse response (CIR) of lendfh, the delay, and relevant_stat|st|cal properties of the L_JWB transmit synsb_dl

the frequency offset of theth UWB signal, respectively. can pe_ ignored fqr the purpose of mterfe_reryce analysis. For
Both 7,, and f, are defined relative to the center frequenc§imPplicity of notation, we drop the subscriptin the UWB

of the victim signal. The typical OFDM receiver processslgnal z'l,(t)_ln the_ following if no confusion arises. We will
ing involving low—pass filtering, sampling, and discretmet k€ep our discussion of MB-OFDM and DS-UWB very short
Fourier transform (DFT) can be equivalently represented B{ce these interference formats have already been destirss
filtering of the received signal with a bank of matched filter], [9], and provide more details about the adopted IR-UWB
Ye(t) = ¢ (—t), —1/Af, <t <0, =N,/2 < k < N,/2—1, signal model. _

and () = 0 otherwise, and subsequent sampling [15]. 1) MB—OFDM Signal Model: The adopted MB-OFDM
Assuming coherent reception, the sampled output offthe model closely follows the ECMA standard [10]. MB—-OFDM is

—N,/2 <k < N,/2— 1, matched filter is obtained as a standard OFDM system\V{ = 128 sub—carriers and\ f; =
N 4.125 MHz sub—carrier spacing) with additional frequency

rlk] £ e 19 () @1y () [1—0 = a[k]z[k]-+n[k]+i[k], (3) hopping over 3 bands. For a detailed discussion of MB—OFDM
I . . interference we refer to [6].
Wpere ilk] ,'25 At?ek (effective) léV\{E]’ interferencef[k] = 2) bS-UWB Signal M[O(]jeIFor DS-UWB we closely fol-
Jo T h(t)e 72Tl AL = afkle?®H1H is the gain of thekth
sub—carrier with magnitude(k] and phase® k], and (k] low the IEEE 802.15.3a standard proposal [11], where both

) . ST binary phase—shift keying (BPSK) and 4-ary bi—orthogonal
is AWGN. The UWB interference is given by keying (4—BOK) are considered for modulation. The standard

1 proposal [11] envisions two frequency bands of operation: a
ik~ Y gulkli[K], (4) lower band from 3.1 GHz to 4.85 GHz and a higher band
v=1 from 6.2 GHz to 9.7 GHz. Here, we concentrate on the lower
where we have defined the discrete UWB interference chanfgerating band with a chip duration @f. = 0.762 ns and
g,[k] and the discrete UWB interference signgl| of thevth @ bandwidth ofB; = 1.3 GHz. The data rate of DS-UWB

waveform with sub—carrier spacingd f;. Here, ws(t) is a
rectangular pulse withw,(t) = /Afs, =T, <t < 1/Af,,

I
r(t) = s(t) @h(t) +n(t) + > g, (t) @ /=i (¢ — 7))

v=1

interferer as is adjusted via the spreading sequence length which varies
s iOulk] —janfr betweenL = 1 and L = 24, cf. [11, Tables 3-6]. We note
gulk] = /P eI Gy (KAL), (5) that the power spectral density (PSD) of DS—-UWB is flat for
i k] 2 () @it — 1) |i=0. (6) L < 12 since in that case the spreading sequences have only



a single non—zero chip. However, for= 12 and L. = 24 the where

PSD is not flat since there are multiple non—zero chips. For B 27 (f— Afok) (7R T+ Tot-0[k])
more details on DS-UWB we refer to [11], [9]. Bils, k, 9ls]] = VlAfS ¢
3) IR-UWB Signal Model:For IR-UWB we adopt the i on (DLt
signal model proposed by the IEEE 802.15.4a standardiza- '/6'7 I8, (t) dt (11)
0

tion committee [12] which employs a combination of BPSK

and binary pulse position modulation (BPPM). An IR— UWQNIth limits 1, = 1/Af, — 7 — T, — T, — 9[x] and |, =
symbol has duratiofl; and consist ofiV, bursts of duration KT —
T, = T;/Ny,. Similarly, a burst consist of. chips of duration
T. =1T,/L. The IR-UWB signal can be modeled as

IT, — 9[k]. Using i[k] from (10) and averaging
over a[k, l], which is i.i.d. with respect to botlx andi, we

obtain
oo L—1 oo L—1
) =3 alw] pls. 1] pe(t—rT;—h[K] Ty —1T.~bls] Topnr)  ®ige (slg[k], 7 0[x]) = [T [ [cosh (s R{glk]Gilr, k, 9[x]]}) -
r=—00l=0 r=—00l=0
(1) (12)

wherea[x] € {1} andb[x] € {0, 1} denote the i.i.d. BPSK Exploiting that J[x] is an iid. RV and averaging
and BPPM data symbols, respectively. Furthermerét) is @, (slglk], 7, J[x]) with respect tod[x] yields
the root—raised cosine chip waveform with roll-off facto6 0
andTppy; is the delay for BPPMplx, ] € {1} andh[x] € 1[’“ )(s |g[ ) = (13)
{0, 1, ..., Nj, — 1} are the i.i.d. scrambling sequence and the R
i.i.d. hoppmg sequence, respectively, wheé¥e denotes the H 2Nh Z ZHCOSh s R{g[k]Gi[r, k, KT, + bTppnl})
number of hopping positions. - h=0b=01=0

Similar to DS—UWB, IR-UWB has a lower operating bandfor calculation of®;;, (s|g[k], 7) the infinite limits of the
from 3.2 GHz to 4.7 GHz and a higher operating band from 5@oductin (13) can be truncated to finite values and the rateg
GHz to 10.3 GHz. The only mandatory data rate is 0.811 Mbiig (11) can be evaluated using standard numerical techsique
in the lower operating band, but in both bands there are aever For MB-OFDM and DS-UWB the results for single—carrier
optional data rates ranging from 0.1 Mb/s to 26.03 Mbys, Victim systems provided in [9], [6] can be exploited for
L, andTppy depend on the data rate and are specified in [1g@Iculation of®; (s[g[k], 7). In particular,®; 4 (s|g. k], 7.,)

Table 38a]. for the kth sub—carrier can be essentially obtained by replacing
the receiver input filter in [9], [6] with) (¢). Because of space
I1l. MGE oF UWB INTERFERENCESIGNAL limitation, we cannot provide further details here.
For the error rate analysis presented in Section IV the IV. BER OF BICM—-OFDM SySTEMS
MGF ®; ) (slgu[k], 7)) & E{es™ovlWilkl} g [k] 7.} of In this section, we derive a tight upper bound on the exact
R{g,[k]i [ ]} conditioned ory, [k] and, plays a major role. BER of a BICM—OFDM victim receiver impaired by UWB
For simplicity of notation we drop the indexin the remainder interference and AWGN. In addition, we also provide a simple
of this section. and easy—to—evaluate GA for this upper bound. However, first
For calculation of the interference MGF of IR-UWB it iswe briefly review the bit metric used for Viterbi decoding in
convenient to rewrite (7) as the BICM—OFDM receiver and calculate the conditional MGF

of the metric difference.

Z Z alk, U pe(t — kT; —1T. — J[x]), (8) A. Conditional MGF of Metric Difference
=0

= As customary, we assume that the BICM-OFDM system

wheredlr, {] £ a[k]p[k, 1] andd[k] 2 h[k]Ty +b[x]Tppy. We employs Viterbi decoding with branch metric [13]

note thata|x, ] € {+1} is i.i.d. and¥[«] is i.i.d. and has pdf \i[k] 2 [I,ffg}( {Ir[k] — alk]z[k]|?} (14)
Np—1 1
po () = ! Z Z 5(0 —hT,—bTpprr). (9) for theith bit of the kth sub—carrier. HereX; denotes that
2N, h=0 b=0 subset of all symbols in constellatioti the labels of which

have valueb € {0,1} in positioni. For BER calculation the
From (6) we obtain for the discrete UWB interference &gn%GF of the metric difference

vl Aalk],z[k]) 2 |rlk] - alklelk]”  [r[k] - alk]=[k]?
ik = VAf / PP Um AR — 1) dt = —a?[k]d2.[K] + 2a[k]da. [K]R{e 7O (i[k] + n[k])} (15)
o L_(i is of interest, wherex[k] and z[k] # «[k] denote the
— Z Z&[”’l] Bilk, k, 9[K]], (10) transmitted symbol and another symbol i, respectively.

Furthermore, we used in (15) the definitianik] — z[k] £

K=—00 [=0



d,.[k]e’®k] whered,.[k] and©,[k] denote the magnitude C. Gaussian Approximation

and phase, respectively. Since batk] and n[k] are rota- the UWB interference S|gnaI3,,[ ] are modeled as
tionally symmetric RVs, cf. Section Il, we can express thﬁf(o o2 [k]) distributed with o2 [k] 2 £{Ji,[k]|?}, the
conditional MGF of A(z[k], z[k]) as variance ofn[ ] + i[k] conditioned ong,[k] is given by
I .
Das ) 2 g o-sAkzk) 16 O°lk] = on + >, lgv[K]|?07, [K]. In this case, the PEP in
Akl =t (slg k], 7, alk]) {e } (16) (18) can be simplified to
2[k d? k] 1+502)5H(I) ik 20& [ ] | [ ] ) ctjoo
il ( S19vIF] Ty . 1 ~ ds
Ple—e) = ) / (‘I’(S))d? (20)
where we used the definitionglk] £ [gl[k] ... grlk]] and c—joo
T2 [, ... 77], the fact that| [k] is N (0, 0 o2) distributed with ) B
MGF @, (s) = E{e—nlH} = e5"0n, and the assumption that U(s) = W (s|d,.[k])(21)
the UWB interferers are mutually independent. m2m]\7§_z%;;m[k]exg
B. Union Bound for BER where
The union bound for the BER of a convolutional code (CC) . 1
of rate R. = k./n. (k. andn, are integers) is given by U (s|dy-[K]) = 1+ sd_[k][1 + 5(o2 + Z 70 [k])]'
) - A xz v=1Jv-iv (22)
LS Fe Z we(d) P(e — ¢), (17) An approximation for the BER of a BICM—-OFDM receiver
d=dmin can be obtained by combining (17) and (20)—(22). The integra

wherec andc are two distinct code sequences with Hamming (20) can again be efficiently evaluated using a Gauss—
distanced that differ only inl > 1 consecutive trellis states. Chebyshev quadrature rule.

Furthermore,w.(d) and d.,;, denote the total input weight

of error events at Hamming distanee and the minimum V. RESULTS AND DISCUSSION

Hamming distance of the code, respectivel(c — ¢) is In this section, after verifying the validity of our results
the pairwise error probability (PEP), i.e., the probabpititat in Section IV with computer simulations in Subsection V-
the decoder erroneously chooses the code sequendgen B, we use these analytical results to highlight the effects
the code sequenaeis transmitted. It is convenient to expres®f the considered UWB formats on a BICM—OFDM system

the PEP in terms of an MGF as [13] in Subsection V-C. However, first we specify the system
oo parameters used for the simulations and numerical evahsti
. 1 ds
Plc—¢)= g / E{U(slT)} —, (18) A. System Parameters
c—joo Throughout this section we consider a BICM—OFDM sys-
wherec is a small positive constant that lies in the region dem with Ny = 64 sub-carriers. We found however that

convergence of the integral. The MG s|7) is conditioned the performance is almost independent/éf for Ny > 16
on 7 since the delay is constant for one OFDM symbol, andwhich will be true for most practical systems. For BICM
thus the bit de—interleaving does not result in an averagimge assumed ideal interleaving and we adopted the Irae
with respect tor. Following the same steps as in [13] forquasi—standard code with generator polynomijaRs, 171]
the AWGN channel and exploiting (16), we obtal{s|T) = (octal representation), which is used e.g. in both IEEE BD2.

(T (s]T))? with WLANS [7] and IEEE 802.16 WIiMAX [8]. Higher code rates
were obtained via puncturing using the puncturing patterns
= _ from [7]. For simplicity, we consider the case of a single UWB
Pislm) = 2mN Z ZZ Z (19) interferer, i.e..] = 1.

k== =1 0=0alkleX] In the following, the terms SNR and SIR refer to the SNR

and SIR per information bit. Unless stated otherwise, punc-
» turing is not applied, the frequency offset is setfjo= 8.25
MHz and 4-PSK modulation is used. The various parameters
wherez (k] represents the nearest neighbor:0f] in X7 with  for the UWB signals were taken from [10]-[12].
b being the bit complement df, i.e., we invoke the BICM o )
expurgated bound from [13]. B. Verification of Theoretical Results
An approximate upper bound for the BER of a BICM- In Fig. 1 we show the BER vs. SIR for MB-OFDM, BPSK
OFDM victim receiver impaired by UWB interference andbS-UWB (L = 24), and IR-UWB (V, = 32, L = 16)
noise can be obtained by truncating the union bound in (linterference for different BICM—OFDM sub—carrier spaasng
and using (18) in combination with (16) and (19). Thereby\f,. An interference limited scenario is considered (i.e.,
the integral in (18) can be efficiently evaluated using a GausSNR — o0). Fig. 1 includes simulation results, theoretical
Chebyshev quadrature rule, cf. [18] for details. results obtained by evaluating the analytical expressians

&, {ea2diz[k](1+30i)s H 5gu{q)iy[k] (QGdIZ[k]Sm,,, Tu)}

v=1



Section IV, and the GA. For the theoretical results the union® g
bound in (17) is truncated after the first 8 terms. As can
be observed from Fig. 1 for relevant BERs (eBER < 107
10~%), where the union bound becomes tight, the theoretica
results are in perfect agreement with the simulations fbr al
considered UWB formats and sub—carrier spacings. We not™
that although the analytical BER expressions involve irgksy
which have to be evaluated numerically, it took only minuteso™t
to compute the theoretical BER curves in Fig. 1. In contrast,
the simulations for Fig. 1 took several days to fiish @ sl
We observe from Fig. 1 that the BER strongly depends or
the UWB interference format and the sub—carrier spacing. Th

T
= Theory
-0~ Simulation
- = GA

-3

IR=UWB (A f, = 4125 MHz).. |

IR-UWB (Af, =2 MHz)

MB-OFDM (Af, = 4.125 MHz)

GA is only a good approximation for DS—UWB. However, 1 = BPSKDSUWB Q7. = .12 MHz) ~ A

it is interesting to note that all BER curves have the same MB-OFDM (Af, = L MHz)

asymptotic slope as the GA. w07} L L L . L ? L L .
Having confirmed the accuracy of the derived analytical SIR [dB] —

results, we will use these results in the following subsecto  Fig. 1. BEFfj vs. SIR for IR-UWB §, = 32, L = 16), BPSK DS-UWB
investigate the influence of the UWB format on BICM—OFDM? = 24 and MB-OFDM,SNR — oc, and fe =1/2.
performance.

C. Effect of UWB Format band andL = 24 (corresponding to the lowest DS-UWB

Since the effects of all BICM—OEDM and UWB parametergata rates). However, the results for smallecorresponding
to higher data rates) and the higher operating band are very

on the BER crucially depend on the BICM—OFDM sub—. . _ -

carrier spacingA f., we show in this subsection the BER a imilar and are also in excellent agreement with the GA. For

a function of A f. In this context, it might be helpful to note B-OFDM interference t.he GA may over- or underestimate

that the sub—carrier spacings for IEEE 802.11a WLANS ['} e performance depending d]nfs_ and is _accurate only for

and IEEE 802.16 WiMAX [8] areAf, = 312.5 kHz and fs < 100 kHz. For the su_b—carrler spac!ng O_f IEEE 802.11a
0\(VLANS the GA leads to slightly too pessimistic performance

Afs < 89.3 kHz, respectively. However, our results are n . . :
limited to narrowband BICM—-OFDM systems and can also gedictions. On the other hand, if one MB-OFDM system is

used to evaluate the impact of UWB interference on widebaHera"red.by another, interfering MB-OFDM sys_tem, the GA
or UWB BICM—OFDM systems. An example for the |attelunderest|mates the true BER by a factor of 4. Finally, we note

case is the MB—OFDM UWB system [10] which also use aztlloer\t/c'?\ﬂrpe\;??r\:elézma” sub—carnir Sfpamggsoulfgﬁﬁgs
the BICM—OFDM concept and has a sub—carrier spacing ' ! c IS Very accurate for Vb= P

4.195 MHz. UWB, and IR-UWB withZ > 16 corresponding to data rates

In Figs. 2 and 3 we investigate the impact of the UWIé)f 0.811 MHz or more. . . .
format on the BER and the validity of the GA f6NR — 15 Accuracy of the GAFor system—level simulations a simple
dB andSIR — 10 dB. Fig. 2 shows that for IR-UWB the interference model is desirable and it is convenient if UWB

interference can be modeled as additional AWGN. Figs. 2

alidity of the GA strongly dependg f, and on the data -
\r/attle Igf/ the IR_UWB systge)rln Fgr the Ijz)west data rate of Oaind 3, and additional results not shown here because of space

MHz (corresponding ta. — 32 and L — 128, respectively) limitation allow us to draw some general conclusions reiyayd

IR-UWB is highly impulsive and the GA is not accurate iﬁhe QA fO'T the UWB interference. These conclusions are
the considered f, range. Similarly, for the mandatory dataoract|cally independent of the modulation scheme, the code
rate of 0.811 MHz [ — 16) in thé lower frequency band rate, and the channel of the BICM-OFDM system. First, we

the GA leads to overly optimistic performance predictioois f note that the GA is very a(_:curate for DS-UWB in the entire
Afs > 100 kHz. For example, for the sub—carrier spacin nge of relevant sub—carrier spacings (&g, < 10 MHz).

used in IEEE 802.11a WLANS the GA suggests that the B n the other hand, for IR-UWB operating with the mandatory
is approximately by a factor of 1.5 lower than it actuall ata rate of 0.811 Mb/s the GA underestimates the BER of the

is. For very high IR-UWB data rated.(= 1) the GA is BICM-OFDM system and becomes tight only farf, < 100

fairly accurate in the considerellf, range since the IR-UWB KHz. F(2)FM|\£|B—;)FDMd the .GA ovgref(sl'zmatesz tlcﬁ_' BI_EI_IE for
data signal is less impulsive in this case. Fig. 3 shows thétz\s; z 1 ur;[ un e_zrefsétl&mates I kaS - z. 1he
the GA is very accurate for BPSK and 4-BOK DS-UWB: ecomes tight again fs = 100 kHz.
We note that we only show results for the lower operating
VI. CONCLUSIONS

1Both the simulations and numerical evaluations were pevéor on the In this paper, we have provided an analytical performance

same computer (with two Intel Xeon 3.6 GHz processors). Timilation . ’ . .
evaluation framework for generic BICM—-OFDM systems im-

program was written in C, whereas MATLAB was used for the nica¢ - ' ]
evaluations. paired by UWB interference. The considered UWB formats




performance of BICM—OFDM systems and shed new light on
the validity of the popular GA.

— IR-UWB (N, =32)
- = IR-UWB (N, = 128) | --
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