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Abstract—We propose the use of cooperative communication  user: ® Destination User 1 ©) Destination
among single-antenna users to _enhance the_ performance of \*@) @
ultrawideband networks. We consider the amplify-and-forward inter-user
cooperative protocol in the multband OFDM setting using fink /
practical channel measurements. userz (@) werz @

I. INTRODUCTION

While ultrawideband (UWB) offers high information rates
for wireless communication and sensor networks, the EIRRrig. 1. System model for communication with two cooperating nodes.
limits on UWB devices severely affects its coverage radius
[1]. One approach to improve the UWB coverage is by using
multiple antennas at the transmitter and receiver sides, refervétere £, is the energy per transmitted bit in the case of direct
to as MIMO diversity [1]. However, the practical implemen{non-cooperative) transmissiol, € {+1} is the BPSK mod-
tation of MIMO systems is difficult, especially the integratiorulated information symbol with unit energy;; (n, k) captures
of multiple antennas in a physically compact terminal. the effect of pathloss and block fading on transmissions from
An alternative is provided by a cooperative network comode: to node; at time n and subcarriek, and w;(n, k)
figuration, which relies on multiple nodes, each comprisingodels the additive white Gaussian noise at the receiver with
a single-antenna system, to provide transmit diversity [2}arianceNy. Note that in the 2-node cooperation scheme, the
[4]. The users relay messages to each other and propagatergy available per bit for the cooperative scheme is half of
redundant signals over multiple paths in the network. Thikat for the direct transmission scheme to maintain the total
redundancy enables the receiver to average out the charpwler consumption. Node 2 amplifies the received signal by
fluctuations due to fading, shadowing, and other interferendhe relay gaing., and transmitgla(n+ 1, k) = aqy2(n, k) in
The separation between the spatially distributed user termintde (n+1)™ timeslot. During the two consecutive time frames,
helps create the signal independence required for diversitythe destination, i.e., node 3, receives the signal
The current state of the art in UWB technology does not
consider cooperative transmission. In this paper we show that ys(n, k) =/ Ep/2 has(n, k)bi(n, k) + ws(n, k)
forming cooperative networks between UWB devices enhanqﬁsthe oih
the network reliability in a variety of scenarios. We adopt the
multiband orthogonal frequency division multiplexing (MB- y5(n + 1,k) = hag(n, k)da(n + 1, k) + ws(n + 1, k)
OFDM) UWB transmission scheme. The results are based on /T 7o
realisti?; UWB channels obtained from indoor measurements. = VE/2 haa(n, E)has(n + 1, Kb (n, k)

Timeslot 1 Timeslot 2

timeslot, and in then + 1) timeslot, we have

+ a2h23(n + 1a k)'lUQ(TL, k) + wB(n + 1; k)
Il. SIGNAL MODEL o _ .
The system under consideration consists of two or more©N€ choice is to amplify,(n, k) to the node 2's transmit
cooperating users transmitting to a single destination, as showgnal power level before relaying it to node 3, i.e., [2]
in Fig. 1. Each receiving node estimates and maintains the 2 ) — 1 1
instantaneous channel fading coefficients. Coherent detection ap(n, k) = hia(n, k)2 + 2No /By’ (1)
with maximum ratio combining (MRC) is employed. The , , i i _
constituent narrowband channels of the OFDM UWB system Lgt us define the23|gnal-t0-n0|se rqtlo (SNR) betwee_n_ USErs
between the nodes and from each node to the destination &dJ @Spij = [hij|"Ey/(2No), wherei 7 j. After combining
mutually independent. Thé node is allocated frequency band"€ received signals from the direct and the 2-hop paths for
f,, in which it transmits in two consecutive timeslots: on&VO consecutive timeslots using MRC, the SNR is
timeslot is used for its own data and the other for relaying its PMERC = P13 + P12 P23
partner's data. In the" timeslot, node 1 transmits; (n, k) re B e pas 1
on subcarrierk, and the received signal at node 2 is

= p13 + f(p12, p23),

where we have dropped the suffix, k) for notational sim-
y2(n, k) = /Ep/2 hia(n, k)by (n, k) + wa(n, k), plicity. With BPSK modulation, the conditional probability of
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Fig. 2.  Two-node cooperation with symmetrical user-destination chanrfé. 3. Node BER performance for three-node cooperation with asymmetrical
configuration,p,3 = pas. user-destination channejs,, = p,4—5 dB, p34 = p14+5 dB, and different
inter-user SNRsp;, = 5 dB, p;3 = 10 dB, py3 = 20 dB.

error for the combined signal can be written as 0

10 T T T
. -| —8— cooperative transmission

P;‘F(pMRC) =09 (\/2 {,013 + f(p12, p23)}) , (2) : ‘ —x—diremrénsmission

where Q(.) denotes the Q function. It is straight forward to
extend this approach to multiple-node cooperation scenarios.

Similarly, for direct (non-cooperative) transmission, the
SNR is p;; = |hi;(k)|*Ey/No, and the error probability is

PN%(pi;) = Q (V/2pi5) - 3)

Ill. SIMULATION RESULTS

Average end-to—end BER

We perform system simulations to evaluate the average BER 07 : - - -
of 2- and 3-user cases based on the measured indoor non-line- Pua (dB)
of-sight UWB channel in [5]. For these two cases, node 3 and
node 4 refer to the destination, respectively. Fig. 4. Network BER performance for three-node cooperation with asym-

: _ ; : etrical user-destination channefs,, = py4 — 5 dB, p34, = p14 + 5 dB,
Fig. 2 shows the 2-user cooperation scheme with symmBE e et ntar-aor SNRB, 5 4B o, — 10 4B .y 250 dB.
rical user-destination channelg,{ = p,3) and various values
of the inter-user link SNRs3,, wherep,; denotes the average
SNR between nodesand j. For the fully symmetrical case, IV. CONCLUSION

e whenp,; = pi3 = pay, the cooperative system achieves . paper has analyzed the BER performance of UWB

. ras 3 . : :
over 5.dB gan atPe 107 The .Inter user fink quallty networks with cooperative diversity. We have shown with
determines the gain from cooperation. When the inter-user . .

L channel measurements that user cooperation leads to improved
link is robust, such as when the users are closely located

T Vg\)le?rformance under some typical network configurations. Our
cooperation improves the BER performance. At very lo . ) . . -
. : ._results establish that cooperative diversity can be as beneficial
inter-user SNR, such as when the inter-user separation,is :

S . for UWB networks as for conventional narrowband networks.
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