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We propose a feedback algorithm for wireless networks that always collects feedback from the user with the best channel conditions
and has a significant reduction in feedback load compared to full feedback. The algorithm is based on a carrier-to-noise threshold,
and closed-form expressions for the feedback load as well as the threshold value that minimizes the feedback load have been found.
We analyze two delay scenarios. The first scenario is where the scheduling decision is based on outdated channel estimates, and the
second scenario is where both the scheduling decision and the adaptive modulation are based on outdated channel estimates.
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1. INTRODUCTION

In a wireless network, the signals transmitted between the
base station and the mobile users most often have different
channel fluctuation characteristics. This diversity that exists
between users is called multiuser diversity (MUD) and can be
exploited to enhance the capacity of wireless networks [1].
One way of exploiting MUD is by opportunistic scheduling
of users, giving priority to users having good channel condi-
tions [2, 3]. Ignoring the feedback loss, the scheduling algo-
rithm, that maximizes the average system spectral efficiency
among all time division multiplexing- (TDM-) based algo-
rithms, is the one where the user with the highest carrier-to-
noise ratio (CNR) is served in every time slot [2]. Here, we
refer to this algorithm as max CNR scheduling (MCS).

To be able to take advantage of the MUD, a base station
needs feedback from the mobile users. Ideally, the base sta-
tion only wants feedback from the user with the best channel
conditions, but unfortunately each user does not know the
CNR of the other users. Therefore, in current systems like
Qualcomm’s high data rate (HDR) system, the base station
collects feedback from all the users [4].

One way to reduce the number of users giving feedback
is by using a CNR threshold. For the selective multiuser diver-
sity (SMUD) algorithm, it is shown that the feedback load
is reduced significantly by using such a threshold [5]. For
this algorithm only the users that have a CNR above a CNR
threshold should send feedback to the scheduler. If the sched-

uler does not receive a feedback, a random user is chosen.
Because the best user is not chosen for every time slot, the
SMUD algorithm however introduces a reduction in system
spectral efficiency. In addition it can be hard to set the thresh-
old value for this algorithm. Applying a high threshold value
will lead to low feedback load, but will additionally reduce
the MUD gain and hence the system spectral efficiency. Using
a low threshold value will have the opposite effect: the feed-
back load reduction is reduced, but the spectral efficiency will
be higher.

The feedback algorithm proposed here is inspired by the
SMUD algorithm, in the sense that this new algorithm also
employs a feedback threshold. However, if none of the users
succeeds to exceed the CNR threshold, the scheduler requests
full feedback, and selects the user with the highest CNR.
Consequently, the MUD gain [1] is maximized, and still the
feedback load is significantly reduced compared to the MCS
algorithm. Another advantage with this novel algorithm is
that for a specific set of system parameters it is possible to
find a threshold value that minimizes the feedback load.

For the new feedback algorithm we choose to investigate
two important issues, namely, (i) how the algorithm can be
optimized, and (ii) the consequences of delay in the system.
The first issue is important because it gives theoretical lim-
its for how well the algorithm will perform. The second issue
is important because the duration of the feedback collection
process will often be significant and this will lead to a re-
duced performance of the opportunistic scheduling since the



2 EURASIP Journal on Wireless Communications and Networking

feedback information will be outdated. The consequences of
delay are analyzed by looking separately at two different ef-
fects: (a) the system spectral efficiency degradation arising
because the scheduler does not have access to instantaneous
information about CNRs of the users, and (b) the bit error
rate (BER) degradation arising when both the scheduler and
the mobile users do not have access to instantaneous channel
measurements.

Contributions

We develop closed-form expressions for the feedback load of
the new feedback algorithm. The expression for the thresh-
old value which minimizes the feedback load is also derived.
In addition we obtain new closed-form expressions for the
system spectral efficiency degradation due to the scheduling
delay. Finally, closed-form expressions for the effects of out-
dated channel estimates are obtained. Parts of the results have
previously been presented in [6].

Organization

The rest of this paper is organized as follows. In Section 2, we
present the system model. The feedback load is analyzed in
Section 3, while Sections 4 and 5 analyze the system spectral
efficiency and BER, respectively. In Section 6 the effects of
delay are discussed. Finally, Section 7 lists our conclusions.

2. SYSTEM MODEL

We consider a single cell in a wireless network where the base
station exchanges information with a constant number N of
mobile users which have identically and independently dis-
tributed (i.i.d.) CNRs with an average of γ. The system con-
sidered is TDM-based, that is, the information transmitted
in time slots with a fixed length. We assume flat-fading chan-
nels with a coherence time of one time slot, which means that
the channel quality remains roughly the same over the whole
time slot duration and that this channel quality is uncorre-
lated from one time slot to the next. The system uses adap-
tive coding and modulation, that is, the coding scheme, the
modulation constellation, and the transmission power used
depend on the CNR of the selected user [7]. This has two ad-
vantages. On one hand, the spectral efficiency for each user
is increased. On the other hand, because the rate of the users
is varied according to their channel conditions, it makes it
possible to exploit MUD.

We will assume that the users always have data to send
and that these user data are robust with respect to delay, that
is, no real-time traffic is transmitted. Consequently, the base
station only has to take the channel quality of the users into
account when it is performing scheduling.

The proposed feedback algorithm is applicable in at least
two different types of cellular systems. The first system model
is a time-division duplex (TDD) scenario, where the same
carrier frequency is used for both uplink and downlink. We
can therefore assume a reciprocal channel for each user, that
is, the CNR is the same for the uplink and the downlink for a

given point in time. The system uses the first half of the time
slot for downlink and the last half for uplink transmission.
The users measure their channel for each downlink transmis-
sion and this measurement is fed back to the base station so
that it can decide which user is going to be assigned the next
time slot. The second system model is a system where differ-
ent carriers are used for uplink and downlink. For the base
station to be able to schedule the user with the best down-
link channel quality, the users must measure their channel
for each downlink transmission and feed back their CNR
measurement. For both system models the users are notified
about the scheduling decision in a short broadcast message
from the base station between each time slot.

3. ANALYSIS OF THE FEEDBACK LOAD

The first step of the new feedback algorithm is to ask for feed-
back from the users that are above a CNR threshold value γth.
The number of users n being above the threshold value γth is
random and follow a binomial distribution given by

Pr(n) =
(
N

n

)(
1− Pγ

(
γth
))n

PN−n
γ

(
γth
)
, n = 1, 2, . . . ,N ,

(1)

where Pγ(γ) is the cumulative distribution function (CDF)
of the CNR for a single user. The second step of the feedback
algorithm is to collect full feedback. Full feedback is only
needed if all users’ CNRs fail to exceed the threshold value.
The probability of this event is given by inserting γ = γth into

Pγ∗(γ) = PN
γ (γ), (2)

where γ∗ denotes the CNR of the user with the best channel
quality.

We now define the normalized feedback load (NFL) to be
the ratio between the average number of users transmitting
feedback, and the total number of users. The NFL can be ex-
pressed as a the average of the ratio n/N , where n is the num-
ber of users giving feedback:
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, N = 2, 3, 4, . . . ,

(3)

where the last equality is obtained by using binomial expan-
sion [8, equation (1.111)]. For N = 1 full feedback is needed,
and F = 1. In that case the feedback is not useful for mul-
tiuser scheduling, but for being able to adapt the base sta-
tion’s modulation according to the channel quality in the re-
ciprocal TDD system model described in the previous sec-
tion.
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Figure 1: Normalized feedback load as a function of γth with γ =
15 dB.

A plot of the feedback load as a function of γth is shown
in Figure 1 for γ= 15 dB. It can be observed that the new
algorithm reduces the feedback significantly compared to a
system with full feedback. It can also be observed that one
threshold value will minimize the feedback load in the sys-
tem for a given number of users.

The expression for the threshold value that minimizes
the average feedback load can be found by differentiating (3)
with respect to γth and setting the result equal to zero:

γ∗th = P−1
γ

((
1
N

)1/(N−1)
)

, N = 2, 3, 4, . . . , (4)

where P−1
γ (·) is the inverse CDF of the CNR. In particular,

for a Rayleigh fading channel, with CDF Pγ(γ) = 1 − e−γ/γ,
the optimum threshold can be found in a simple closed form
as

γ∗th = −γ ln

(
1−

(
1
N

)1/(N−1)
)

, N = 2, 3, 4, . . . . (5)

4. SYSTEM SPECTRAL EFFICIENCIES FOR DIFFERENT
POWER AND RATE ADAPTATION TECHNIQUES

To be able to analyze the system spectral efficiency we choose
to investigate the maximum average system spectral efficiency
(MASSE) theoretically attainable. The MASSE (bit/s/Hz) is
defined as the maximum average sum of spectral efficiency
for a carrier with bandwidth W (Hz).

4.1. Constant power and optimal rate adaptation

Since the best user is always selected, the MASSE of the new
algorithm is the same as for the MCS algorithm. To find the
MASSE for such a scenario, the probability density function
(pdf) of the highest CNR among all the users has to be found.

This pdf can be obtained by differentiating (2) with respect
to γ. Inserting the CDF and pdf for Rayleigh fading chan-
nels (pγ(γ) = (1/γ)e−γ/γ), and using binomial expansion [8,
equation (1.111)], we obtain

pγ∗(γ) = N

γ

N−1∑
n=0

(
N − 1
n

)
(−1)ne−(1+n)γ/γ. (6)

Inserting (6) into the expression for the spectral efficiency
for optimal rate adaptation found in [9], the following ex-
pression for the MASSE can be obtained [10, equation (44)]:

〈C〉ora

W
=
∫∞

0
log2(1 + γ)pγ∗(γ)dγ

= N

ln 2
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n=0

(
N − 1
n

)
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e(1+n)/γ

1 + n
E1

(
1 + n

γ

)
,

(7)

where ora denotes optimal rate adaptation and E1(·) is the
first-order exponential integral function [8].

4.2. Optimal power and rate adaptation

It has been shown that the MASSE for optimal power and
rate adaptation can be obtained as [10, equation (27)]

〈C〉opra

W
=
∫∞

0
log2

(
γ

γ0

)
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= N

ln 2
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(
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γ

)
,

(8)

where opra denotes optimal power and rate adaptation and γ0

is the optimal cutoff CNR level below which data transmis-
sion is suspended. This cutoff value must satisfy [9]

∫∞
γ0

(
1
γ0
− 1

γ

)
pγ∗(γ)dγ = 1. (9)

Inserting (6) into (9), it can subsequently be shown that the
following cutoff value can be obtained for Rayleigh fading
channels [10, equation (24)]:

N−1∑
n=0

(
N − 1
n

)
(−1)n

(
e−(1+n)γ0/γ

(1 + n)γ0/γ
− E1

(
(1 + n)γ0

γ

))
= γ

N
.

(10)

5. M-QAM BIT ERROR RATES

The BER of coherent M-ary quadrature amplitude modula-
tion (M-QAM) with two-dimensional Gray coding over an
additive white Gaussian noise (AWGN) channel can be ap-
proximated by [11]

BER(M, γ) ≈ 0.2 exp
(
− 3γ

2(M − 1)

)
. (11)

The constant-power adaptive continuous rate (ACR) M-
QAM scheme can always adapt the rate to the instanta-
neous CNR. From [12] we know that the constellation size
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for continuous-rate M-QAM can be approximated by M ≈
(1+3γ/2K0), where K0 = − ln(5 BER0) and BER0 is the target
BER. Consequently, it can be easily shown that the theoreti-
cal constant-power ACR M-QAM scheme always operates at
the target BER.

For physical systems only integer constellation sizes are
practical, so now we restrict the constellation size Mk to 2k,
where k is a positive integer. This adaptation policy is called
adaptive discrete rate (ADR) M-QAM, and the CNR range is
divided into K + 1 fading regions with constellation size Mk

assigned to the kth fading region. Because of the discrete as-
signment of constellation sizes in ADR M-QAM, this scheme
has to operate at a BER lower than the target. The average
BER for ADR M-QAM using constant power can be calcu-
lated as [12]

〈BER〉adr =
∑K

k=1 kBERk∑K
k=1 kpk

, (12)

where

BERk =
∫ γk+1

γk
BER

(
Mk, γ

)
pγ∗(γ)dγ, (13)

pk =
(
1− e−γk+1/γ

)N − (1− e−γk/γ
)N

(14)

is the probability that the scheduled user is in the fading re-
gion k for CNRs between γk and γk+1.

Inserting (11) and (6) into (13) we obtain the following
expression for the average BER within a fading region:

BERk = 0.2N
γ

N−1∑
n=0

(
N − 1
n

)
(−1)n

e−γkak,n − e−γk+1ak,n

ak,n
, (15)

where ak,n is given by

ak,n = 1 + n

γ
+

3
2
(
Mk − 1

) . (16)

When power adaptation is applied, the BER approxima-
tion in (11) can be written as [11]

BERpa(M, γ) ≈ 0.2 exp
(
− 3γ

2(M − 1)
Sk(γ)
Sav

)
, (17)

where Sk(γ) is the power used in fading region k and Sav

is the average transmit power. Inserting the continuous
power adaptation policy given by [11, equation (29)] into
(17) shows that the ADR M-QAM scheme using optimal
power adaptation always operates at the target BER. Cor-
respondingly, it can be shown that the continuous-power,
continuous-rate M-QAM scheme always operates at the tar-
get BER.

6. CONSEQUENCES OF DELAY

In the previous sections, it has been assumed that there is
no delay from the instant where the channel estimates are
obtained and fed back to the scheduler, to the time when the
optimal user is transmitting. For real-life systems, we have to

take delay into consideration. We analyze, in what follows,
two delay scenarios. In the first scenario, a scheduling delay
arises because the scheduler receives channel estimates, takes
a scheduling decision, and notifies the selected user. This user
then transmits, but at a possibly different rate. The second
scenario deals with outdated channel estimates, which leads
to both a scheduling delay as well as suboptimal modulation
constellations with increased BERs.

Outdated channel estimates have been treated to some
extent in previous publications [12, 13]. However, the con-
cept of scheduling delay has in most cases been analyzed for
wire-line networks only [14, 15]. Although some previous
work has been done on scheduling delay in wireless networks
[16], scheduling delay has to the best of our knowledge not
been looked into for cellular networks.

6.1. Impact of scheduling delay

In this section, we will assume that the scheduling decision is
based on a perfect estimate of the channel at time t, whereas
the data are sent over the channel at time t + τ. We will as-
sume that the link adaptation done at time t+τ is based on yet
another channel estimate taken at t+ τ. To investigate the in-
fluence of this type of scheduling delay, we need to develop a
pdf for the CNR at time t+τ, conditioned on channel knowl-
edge at time t. Let α and ατ be the channel gains at times t
and t + τ, respectively. Assuming that the average power gain
remains constant over the time delay τ for a slowly-varying
Rayleigh channel (i.e., Ω = E[α2] = E[α2

τ]) and using the
same approach as in [12] it can be shown that the conditional
pdf pατ |α(ατ | α) is given by

pατ |α
(
ατ | α

) = 2ατ
(1− ρ)Ω

I0

(
2√ραατ
(1− ρ)Ω

)
e−(α2

τ+ρα2)/(1−ρ)Ω,

(18)

where ρ is the correlation factor between α and ατ and I0(·)
is the zeroth-order modified Bessel function of the first kind
[8]. Assuming Jakes Doppler spectrum, the correlation co-
efficient can be expressed as ρ = J2

0 (2π fDτ), where J0(·) is
the zeroth-order Bessel function of the first kind and fD [Hz]
is the maximum Doppler frequency shift [12]. Recognizing
that (18) is similar to [17, equation (A-4)] gives the follow-
ing pdf at time t+τ for the new feedback algorithm, expressed
in terms of γτ and γ [17, equation (5)]:

pγ∗τ
(
γτ
)=N−1∑

n=0

(
N

n + 1

)
(−1)n

exp
(− γτ/γ

(
1− ρ

(
n/(n + 1)

)))
γ
(
1− ρ

(
n/(n + 1)

)) .

(19)

Note that for τ = 0 (ρ = 1) this expression reduces to (6), as
expected. When τ approaches infinity (ρ = 0) (19) reduces
to the Rayleigh pdf for one user. This is logical since for large
τs, the scheduler will have completely outdated and as such
useless feedback information, and will end up selecting users
independent of their CNRs.

Inserting (19) into the capacity expression for opti-
mal rate adaptation in [9, equation (2)], then using bino-
mial expansion, integration by parts, L’Hôpital’s rule, and
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[8, equation (3.352.2)], it can be shown that we get the fol-
lowing expression for the MASSE:

〈C〉ora

W
=
∫∞

0
log2

(
1 + γτ

)
pγ∗τ
(
γτ
)
dγτ

= 1
ln 2

N−1∑
n=0

(
N

n + 1

)
(−1)ne1/γ(1−ρ(n/(n+1)))

× E1

(
1

γ
(
1− ρ

(
n/(n + 1)

))).
(20)

Using a similar derivation as for the expression above it
can furthermore be shown that we get the following expres-
sion for the MASSE using both optimal power and rate adap-
tation:

〈C〉opra

W
=
∫∞

0
log2

(
γτ
γ0

)
pγ∗τ
(
γτ
)
dγτ

= 1
ln 2

N−1∑
n=0

(
N

n + 1

)
(−1)nE1

(
γ0

γ
(
1− ρ

(
n/(n + 1)

))),

(21)

with the following power constraint:

N−1∑
n=0

(
N

n + 1

)
(−1)n

(
e−1/γ(1−ρ(n/(n+1)))

γ0

− E1
(
1/γ
(
1− ρ

(
n/(n + 1)

)))
γ
(
1− ρ

(
n/(n + 1)

)) )
= 1.

(22)

Again, for zero time delay (ρ = 1), (20) reduces to (7), (21)
reduces to (8), and (22) reduces to (10), as expected.

Figure 2 shows how scheduling delay affects the MASSE
for 1, 2, 5, and 10 users. We see that both optimal power and
rate adaptation and optimal rate adaptation are equally ro-
bust with regard to the scheduling delay. Independent of the
number of users, we see that the system will be able to oper-
ate satisfactorily if the normalized delay is below the critical
value of 2·10−2. For normalized time delays above this value,
we see that the MASSE converges towards the MASSE for one
user, as one may expect.

6.2. Impact of outdated channel estimates

We will now assume that the transmitter does not have a per-
fect outdated channel estimate available at time t+τ, but only
at time t. Consequently, both the selection of a user and the
decision of the constellation size have to be done at time t.
This means that the channel estimates are outdated by the
same amount of time as the scheduling delay. The constella-
tion size is thus not dependent on γτ , and the time delay in
this case does not affect the MASSE. However, now the BER
will suffer from degradation because of the delay. It is shown
in [12] that the average BER, conditioned on γ, is

BER(γ) = 0.2γ
γ + γ(1− ρ)K0

· e−ρK0γ/(γ+γ(1−ρ)K0). (23)
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The average BER can be found by using the following equa-
tion:

〈BER〉acr =
∫∞

0
BER(γ)pγ∗(γ)dγ. (24)

For discrete rate adaptation with constant power, the BER
can be expressed by (12), replacing BERk with BER

′
k, where

BER
′
k =

∫ γk+1

γk

∫∞
0

BER
(
Mk, γτ

)
pγτ |γ

(
γτ | γ

)
dγτ pγ∗(γ)dγ.

(25)

Inserting (6), (11), and (18) expressed in terms of γτ and γ
into (25), we obtain the following expression for the average
BER within a fading region:

BER
′
k =

0.2N
γ

N−1∑
n=0

(
N − 1
n

)
(−1)n

e−γkck,n − e−γk+1ck,n

dk,n
, (26)

where ck,n is given by

ck,n = 1 + n

γ
+

3ρ
3γ(1− ρ) + 2

(
Mk − 1

) , (27)

and dk,n by

dk,n = 1 + n

γ
+

3(1 + n− ρn)
2
(
Mk − 1

) . (28)

Note that for zero delay (ρ = 1), ck,n = dk,n = ak,n, and (26)
reduces to (15), as expected.

Because we are interested in the average BER only for the
CNRs for which we have transmission, the average BER for
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continuous-power, continuous-rate M-QAM is

〈BER〉acr,pa =
∫∞
γK BER(γ)pγ∗(γ)dγ∫∞

γK pγ∗(γ)dγ
. (29)

Correspondingly, the average BER for the continuous-power,
discrete-rate M-QAM case is given by

〈BER〉adr,pa =
∫∞
γ∗0 M1

BER(γ)pγ∗(γ)dγ∫∞
γ∗0 M1

pγ∗(γ)dγ
. (30)

Figure 3 shows how outdated channel estimates affect the
average BER for 1 and 10 users. We see that the average sys-
tem BER is satisfactory as long as the normalized time de-
lay again is below the critical value 10−2 for the adaptation
schemes using continuous power and/or continuous rate.
The constant-power, discrete-rate adaptation policy is more
robust with regard to time delay.

7. CONCLUSION

We have analyzed a scheduling algorithm that has optimal
spectral efficiency and reduced feedback compared with full
feedback load. We obtain a closed-form expression for the
CNR threshold that minimizes the feedback load for this al-
gorithm. Both the impact of scheduling delay and outdated
channel estimates are analytically and numerically described.
For both delay scenarios plots show that the system will be
able to operate satisfactorily with regard to BER when the
normalized time delays are below certain critical values.
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EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Trust and Digital Rights Management in Wireless
Multimedia Networks and Systems

Call for Papers
With the widespread infusion of digital technologies and
the ensuing ease of digital content transport over the Inter-
net, multimedia data distribution is experiencing exponen-
tial growth. The use of emerging technologies and systems
based on wireless networks has further facilitated the ubiq-
uitous presence of multimedia data. These rapid advances
are neither without cost nor without negative impact. With
the increasing sophistication and ubiquity of sharing and dis-
semination of data over a plethora of networks, the complex-
ity and challenges of untrustworthy behavior as well as cyber
attacks may grow significantly. Moreover, the emerging un-
structured, mobile, and ad hoc nature of today’s heteroge-
neous network environment is leading to problems such as
the exploitation of resources due to selfish and malicious be-
havior by users and their agents in the networks.

Trust and digital rights management (DRM) of data and
the underlying systems and networks have therefore become
of critical concern. Moreover, satisfying users’ quality of
service (QoS) requirements while implementing trust and
DRM mechanisms may overburden the already resourcecon-
strained wireless networks.

The objective of this solicitation is to encourage cut-
tingedge research in trust and digital rights management in
wireless networks and systems. Dissemination of research re-
sults in formulating the trust and DRM issues, and emerging
solutions in terms of technologies, protocols, architecture,
and models are expected to contribute to the advancement
of this field in a significant way. Topics of interests include
but are not limited to:

• DRM issues (copyright protection, tracking, tracing,
fingerprinting, authentication, concealment, privacy,
access control, etc.) in wireless multimedia

• Wireless multimedia traffic modeling, analysis, and
management

• Tradeoff between QoS, security, dependability, and
performability requirements

• Context, behavior, and reputation specification, mod-
eling, identification, and management

• Trust and DRM models, architectures, and protocols
• Trust and DRM in applications (telemedicine, ubiq-

uitous commerce, etc.)
• Trust and DRM in wireless ad hoc, mesh, sensor and

heterogeneous networks
• Trust and DRM technologies for wireless multimedia

(digital watermarking, encryption, coding, and com-
pression, and their interplay)

• Test beds for experimental evaluation of trust and
DRM models.

Authors should follow the EURASIP JWCN manuscript
format described at http://www.hindawi.com/journals/wcn/.
Prospective authors should submit an electronic copy of their
complete manuscript through the EURASIP JWCN manu-
script tracking system at http://www.hindawi.com/mts/, ac-
cording to the following timetable:
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Acceptance Notification April 1, 2007
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Kamesh Namuduri, Department of Electrical and Com-
puter Engineering Wichita State University, Wichitan KS
67260, USA; kamesh.namuduri@wichita.edu
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EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Multimedia over Wireless Networks

Call for Papers

Scope

In recent years there has been a tremendous increase in de-
mand for multimedia delivered over wireless networks. The
design and capabilities of the mobile devices and the services
being offered reflect the increase in multimedia usage in the
wireless setting. Applications that are in the process of be-
coming essential to users include video telephony, gaming, or
TV broadcasting. This trend creates great opportunities for
identifying new wireless multimedia applications, and for de-
veloping advanced systems and algorithms to support these
applications. Given the nature of the channel and of the mo-
bile devices, issues such as scalability, error resiliency, and en-
ergy efficiency are of great importance in applications involv-
ing multimedia transmission over wireless networks.

The papers in this issue will focus on state-of-the-art re-
search on all aspects of wireless multimedia communica-
tions. Papers showing significant contributions are solicited
on topics including but are not limited to:

• Error resilience and error concealment algorithms
• Rate control for wireless multimedia coding
• Scalable coding and transmission
• Joint source-channel coding
• Joint optimization of power consumption and rate-

distortion performance
• Wireless multimedia traffic modeling
• Wireless multimedia streaming
• Wireless multimedia coding
• QoS for wireless multimedia applications
• Distributed multimedia coding

Authors should follow the EURASIP Journal on Wireless
Communications and Networking manuscript format de-
scribed at http://www.hindawi.com/journals/wcn/. Prospec-
tive authors should submit an electronic copy of their com-
plete manuscript through the EURASIP Journal on Wire-
less Communications and Networking’s Manuscript Track-
ing System at http://www.hindawi.com/mts/, according to
the following timetable:

Manuscript Due March 1, 2007

Acceptance Notification July 1, 2007

Final Manuscript Due October 1, 2007

Publication Date 4th Quarter, 2007
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EURASIP JOURNAL ON WIRELESS COMMUNICATIONS AND NETWORKING

Special Issue on

Cognitive Radio and Dynamic Spectrum
Sharing Systems

Call for Papers
Aims and Scope of the Special Issue

The ever-growing need for wireless communications which
provide high data rates entails a substantial demand for new
spectral resources and more flexible and efficient use of ex-
isting resources. Several measurement campaigns conducted
in the recent years show that frequency spectrum in the
range 30 MHz-3 GHz is most of the time unused leading to
low average occupancy rates and motivating to allow more
flexible spectrum use. Promising solution to exploit spec-
trum in a flexible way is via cognitive radio and dynamic
spectrum sharing systems which use innovative spectrum
management and allow different systems to share the same
frequency band. Significant potential improvements offered
with such approaches and also positive view from regulatory
bodies have led to exploding interest in this field recently.
However, such paradigm shift introduces many new design
challenges that have to be solved in order to enable proper
functioning of the spectrum sharing and cognitive radio sys-
tems. Recent research efforts include considerations of dif-
ferent physical layer technologies, spectrum sensing, coexis-
tence mechanisms between legacy and secondary users, and
shared medium access among many secondary users.

The objective of this special issue is to showcase the most
recent developments and research in this field, as well as to
enhance its state-of-the-art. Original and tutorial articles are
solicited in all aspects of cognitive radio and spectrum shar-
ing including system and network protocol design, enabling
technologies, theoretical studies, practical applications, and
experimental prototypes.

Topics of Interest:

Topics of interest include, but are not limited to:

• Spectrum measurements and current usage
• Spectrum regulations
• Spectrum sensing and awareness techniques
• Dynamic spectrum management

• Capacity and achievable data rates in cognitive radio
• Multiuser spectrum sharing:

• Priority resource allocation
• Cooperation and competition of users
• Auction-based spectrum sharing

• Coexistence of spectrum sharing and legacy narrow-
band systems

• Physical layer design of spectrum sharing systems:
• OFDM, OQAM, UWB, CDMA, SDR
• MIMO component in spectrum sharing

• Applications of cognitive radio & spectrum sharing
• Standardization of cognitive radio and spectrum

sharing: IEEE P1900, IEEE 802.22, ITU-R activities

Authors should follow the JWCN manuscript format
at http://www.hindawi.com/journals/WCN. Prospective au-
thors should submit an electronic copy of their complete
manuscript through the JWCN’s Manuscript Tracking Sys-
tem at http://www.hindawi.com/mts/, according to the fol-
lowing timetable:

Manuscript Due June 1, 2007

Acceptance Notification October 1, 2007

Final Manuscript Due January 1, 2008

Publication Date 1st Quarter, 2008

GUEST EDITORS:
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INTERNATIONAL JOURNAL OF ANTENNAS AND PROPAGATION

Special Issue on

Radio Frequency Identification

Call for Papers
The International Journal of Antenna and Propagation
(IJAP) is publishing a special issue on radio frequency identi-
fication (RFID) technologies. RFID systems are used for elec-
tronically identifying, locating, and tracking products, ani-
mals, vehicles. Passive tags (transponders) do not have a bat-
tery and have limited range, typically about one meter. Ac-
tive tag systems have a power source and much longer range.
Current RFID research and development include theory, an-
tenna design, wireless communication, networking, system-
on-chip IC development, database management, propaga-
tion theory, signal processing, embedded system design, and
more.

This special issue is to present new RFID-related tech-
niques to address theoretical and technical implementation
challenges

Papers that reflect the current and future methods are so-
licited.

Topics of interest include (but are not limited to):

• Reader and tag antennas
• Metallic object tag antenna design
• RF- and antenna-related techniques to improve the

recognition rate of RFID
• Miniaturization of tag antenna
• Reading range for different antennas
• RFID measurements and modeling
• Printable tag design and analysis
• Active and passive tag antennas
• Location technologies
• RFID near-field and far-field analyses
• RFID impedance matching and related topics
• Smart label tag antennas
• RFID and USN system (ubiquitous sensor network)

Authors should follow International Journal of Antennas
and Propagation manuscript format described at the jour-
nal site http://www.hindawi.com/journals/ijap/. Prospective
authors should submit an electronic copy of their com-
plete manuscript through International Journal of An-
tennas and Propagation Manuscript Tracking System at
http://www.hindawi.com/mts/, according to the following
timetable:

Manuscript Due March 1, 2007

Acceptance Notification July 1, 2007

Final Manuscript Due October 1, 2007

Publication Date 1st Quarter, 2008

GUEST EDITORS:

Youchung Chung, Department of Information and Com-
munication Engineering, Daegu University, Gyeongsan,
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INTERNATIONAL JOURNAL OF ANTENNAS AND PROPAGATION

Special Issue on

Ultra-Wideband Antennas

Call for Papers
“Over the last few years much has been published about the
principles and applications of electromagnetic waves with
large relative bandwidth, or nonsinusoidal waves for short.
The next step is the development of the technology for the
implementation of these applications. It is generally agreed
that the antennas pose the most difficult technological prob-
lem.”

Henning F. Harmuth,

Antennas and Waveguides for Nonsinusoidal Waves,

Academic Press, New York, 1984, p. xi.

More than twenty years after Harmuth’s observations on
the difficulties posed by UWB antenna design and five years
after the FCC authorized ultra-wideband (UWB) systems,
a variety of UWB products is nearing wide-scale commer-
cialization. Antenna designers and engineers have solved the
UWB antenna problem in many ways, yielding compact an-
tennas well-suited for a variety of applications. Unlike in pre-
vious decades when UWB antenna progress came in fits and
spurts, today there is an active and growing community of
UWB antenna designers sharing their insights and designs
at professional conferences, trade shows, and in the pages
of technical journals. The time is ripe for a special issue on
UWB antennas that captures this progress and provides in-
sight to where UWB antenna design will go in the future.

UWB systems have opened up new dimensions of antenna
design. Antennas have become an organic part of RF systems,
providing filtering and other custom-designed frequency-
dependent properties. The wide bandwidths of UWB anten-
nas present new challenges for design, simulation, and mod-
eling. Optimizing UWB antennas to meet the demands of
UWB propagation channels is similarly challenging. And as
always, consumer applications demand compact and aesthet-
ically pleasing designs that must nevertheless perform. De-
signers are meeting these challenges with novel antenna de-
signs and novel materials. Designers are also using concepts
like polarization diversity, directivity arrays, and electric-
magnetic element combinations.

The goal of this special issue is to present the state of the
art in UWB antenna engineering and to address the many
ways in which UWB antenna designers are understanding
and meeting the challenges of UWB design. Topics of interest
include (but are by no means limited to):

• UWB antennas, including analysis, design, develop-
ment, measurement, and testing

• Novel types of UWB antennas
• Adaptations of well-known UWB antennas that yield

novel results
• Novel materials for use with UWB antennas
• Applications of UWB antennas
• Design and simulation techniques for UWB antennas

and UWB propagation
• Safety and public policy related to UWB antennas and

propagation
• UWB propagation channels
• Measurement methods for UWB antennas and propa-

gation
• Challenges and anticipated needs in UWB antennas

and propagation research and development
• History of UWB antennas and their development.

Authors should follow International Journal of Antennas
and Propagation manuscript format described at the jour-
nal site http://www.hindawi.com/journals/ijap/. Prospective
authors should submit an electronic copy of their com-
plete manuscript through International Journal of An-
tennas and Propagation’s Manuscript Tracking System at
http://www.hindawi.com/mts/, according to the following
timetable:

Manuscript Due May 1, 2007

Acceptance Notification September 1, 2007

Final Manuscript Due December 1, 2007

Publication Date 1st Quarter, 2008
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UWB Communication Systems—A 
Comprehensive Overview

Edited by: Andreas Molisch, Ian Oppermann, Maria-Gabriella Di Benedetto, 
Domenico Porcino, Christian Politano, and Thomas Kaiser

Ultra-wideband (UWB) communication systems offer 
an unprecedented opportunity to impact the future 
communication world.

The enormous available bandwidth, the wide scope of the 
data rate/range trade-off, as well as the potential for very-low-
cost operation leading to pervasive usage, all present a unique 
opportunity for UWB systems to impact the way people and 
intelligent machines communicate and interact with their 
environment.

The aim of this book is to provide an overview of the state of the 
art of UWB systems from theory to applications.

Due to the rapid progress of multidisciplinary UWB research, 
such an overview can only be achieved by combining the areas 
of expertise of several scientists in the field.

More than 30 leading UWB researchers and practitioners have 
contributed to this book covering the major topics relevant 
to UWB. These topics include UWB signal processing, UWB 
channel measurement and modeling, higher-layer protocol 
issues, spatial aspects of UWB signaling, UWB regulation and 

standardization, implementation issues, and UWB applications as well as positioning.

The book is targeted at advanced academic researchers, wireless designers, and graduate students wishing to 
greatly enhance their knowledge of all aspects of UWB systems.
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The EURASIP Book Series on Signal Processing and Communications publishes monographs, 
edited volumes, and textbooks on Signal Processing and Communications. For more information 
about the series please visit: http://hindawi.com/books/spc/about.html

For any inquiries on how to order this title please contact books.orders@hindawi.com
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The EURASIP Book Series on Signal Processing and Communications publishes monographs, 
edited volumes, and textbooks on Signal Processing and Communications. For more information 
about the series please visit: http://hindawi.com/books/spc/about.html

For any inquiries on how to order this title please contact books.orders@hindawi.com

SMART ANTENNAS—STATE OF THE ART 

Edited by: Thomas Kaiser, André Bourdoux, Holger Boche, 
Javier Rodríguez Fonollosa, Jørgen Bach Andersen, and Wolfgang Utschick

Smart Antennas—State of the Art brings together the 
broad expertise of 41 European experts in smart 
antennas. They provide a comprehensive review and 

an extensive analysis of the recent progress and new results 
generated during the last years in almost all fields of smart 
antennas and MIMO (multiple input multiple output) 
transmission. The following represents a summarized table 
of content.

Receiver: space-time processing, antenna combining, 
reduced rank processing, robust beamforming, subspace 
methods, synchronization, equalization, multiuser detection, 
iterative methods

Channel: propagation, measurements and sounding, 
modeling, channel estimation, direction-of-arrival 
estimation, subscriber location estimation

Transmitter: space-time block coding, channel side 
information, unified design of linear transceivers, ill-
conditioned channels, MIMO-MAC srategies

Network Theory: channel capacity, network capacity, 
multihop networks

Technology: antenna design, transceivers, demonstrators and testbeds, future air interfaces

Applications and Systems: 3G system and link level aspects, MIMO HSDPA, MIMO-WLAN/UMTS 
implementation issues

This book serves as a reference for scientists and engineers who need to be aware of the leading edge research 
in multiple-antenna communications, an essential technology for emerging broadband wireless systems.
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           The International ITG / 
IEEE Workshop on Smart Antennas 
                    WSA 2007 
           February 26-27, 2007 
                     Vienna 

Call for Papers 
The International ITG / IEEE Workshop on Smart Antennas WSA 2007 provides a 
forum for presentation of the most recent research on smart antennas. The objective is 
t o 
continue, accelerate, and broaden the momentum already gained with a series of ITG 
Workshops held since 1996: Munich and Zurich’96, Vienna and Kaiserslautern’97, 
Karlsruhe’ 98, Stuttgart’99, Ilmenau’01, Munich’04, Duisburg’05, and Ulm’06. This call 
for papers intends to solicit contribu-tions on latest research of this key technology for 
wireless communication systems.                                            . 

Workshop topics include, but are not limited to: 

- Antennas for beamforming and diversity    - Multicarrier MIMO 
- Channel measurements       - Multiuser MIMO 
- Spatial channel modeling       - Cooperative and sensor networks 
- Beamforming         - Crosslayer optimisation 
- Diversity concepts        - Radio resource management 
- Space-time processing       - Cellular systems 
- Space-time codes        - Link, system and network level simulations 
- MIMO Systems        - Hard- and software implementation issues 

There will be oral as well as poster presentations. 
The workshop will be jointly organized by the Institute of Communications and Radio 
Frequency at Vienna University of Technology and the ftw. Telecommunications Research 
Center Vienna in cooperation with the VDE, ÖVE, and the IEEE on February 26-27, 2007 in 
Vienna, Austria 

Organizers and Workshop Chairs 

Markus Rupp, 
E-Mail: mrupp@nt.tuwien.ac.at 
Christoph Mecklenbräuker, 
E-Mail: cfm@ftw.at 
Information about the workshop can soon be found at: http://www.ftw.at/ 

Technical program committee  

Jørgen Bach-Andersen David Gesbert Michael Meurer Werner Teich 
Sergio Barbarossa Martin Haardt Werner Mohr Reiner Thomä 
Ezio Biglieri Dirk Heberling Ralf Müller Wolfgang Utschick 
Holger Boche Ari Hottinen Josef A. Nossek Alle-Jan van der 

Veen 
Helmut Bölcskei Thomas Kaiser Björn Ottersten Mats Viberg 
Ernst Bonek Anja Klein Steffen Paul Emanuele Viterbo 
Andreas Czylwik Miguel Lagunas Ana I. Pérez-Neira Tobias Weber 
Armin Dekorsy Geert Leus Arpad L. Scholtz Joachim Wehinger 
Gerhard Fettweis Jürgen Lindner Nikos Sidiropoulos Werner Wiesbeck 
Bernard H. Fleury Gerald Matz Klaus Solbach Thomas Zemen 
Javier Fonollosa Utz Martin Michael Tangemann Abdelhak Zoubir 
Alex Gershman Tadashi 

Matsumoto 
Giorgio Taricco  

 



CALL FOR PAPERS
3rd IET/EURASIP Conference on

DSPenabledRadio
Glasgow, Scotland, UK

13th/14th September 2007
http://www.DSPenabledRadio.org

In the past decade, digital signal processing (DSP) algorithms and architectures for baseband
processing have brought applications such as 3G mobile communications and wireless LAN to
mass markets. Since then, further progress in DAC and ADC technology has permitted DSP to be
applied at IF sampling rates up to several 100 MHz, which has opened up a large range of advanced
DSP algorithms to be deployed for – potentially reconfigurable – communications system functions
such as modulation, synchronisation, equalisation, coding, and many more. This development
is expected to continue, and opportunities such as software defined radio (SDR) architectures
forming the basis for cognitive radios for improved spectrum efficiency and reliable and ubiquitous
communication are likely to become reality within the next couple of years.

This 2 day event forms a continuation of two previous conferences of identical title held in Liv-
ingston, Scotland, in 2003, and in Southampton in 2005, which were each attended by more than
120 international researchers and industrialist. Both events were co-sponsored by the Institution
of Engineering and Technology (IET — formerly the Institution of Electrical Engineers, IEE) and
the European Association for Signal Processing (EURASIP). This third conference IET/EURASIP
will comprise of an invited keynote speaker, a number of invited contributions on key topics, oral
presentations, poster sessions, and a small industrial exhibition for companies demonstrating the
latest hardware and software for DSP enabled radio. Prospective authors are invited to submit
original contributions on all aspects of DSP enable radio, including, but not limited to:

• hardware platforms • FPGA architectures • algorithms and architecture
• mixed signal techniques • system-on-chip • digital up/downconversion
• application case studies • rapid prototyping • standards and inter-operability
• sample rate conversion • cognitive radio • emerging standards: WiMAX etc
• RF and IF processing • power control • synchronisation and equalisation
• ultra-wideband radio • RF linearisation • equalisation / channel estimation
• standards, IEEE802.1x • Tx/Rx beamforming • beamforming/smart antennas
• SDR implementation • MIMO systems • wireless sensor / ad-hoc networks

Papers will be reviewed on the basis of a two page extended abstract of sufficient detail to permit
reasonable evaluation. The deadline for submission is June 29, 2007, with notification of decision
by July 20, 2007. Accepted papers will be edited into a bound digest of the event, available on CD,
and be included in IEEExplore. The cover page of the summary should include paper title, names
of authors and their affiliation, as well as the complete address, telephone numbers and e-mail of
the corresponding author.

Detailed information on the extended abstract and paper submission, technical program, accommo-
dation, and travel will be posted on the conference web site http://www.DSPenabledRadio.org.

Bob Stewart, General Chair
Stephan Weiss and Eugen Pfann, Technical Co-Chairs
Dept. of Electronic & Electrical Engineering
University of Strathclyde
Glasgow G1 1XW, Scotland, UK
{r.stewart,s.weiss,e.pfann}@eee.strath.ac.uk



Organizing Committee
  Markus Rupp, TU Vienna
  Holger Arthaber, TU Vienna
  Pavle Belanović, ftw.

Technical Program Committee
  Gildas Avoine, MIT
  Georg Brasseur, TU Graz
  Elgar Fleisch, ETH Zurich
  Heyno Garbe, U. of Hannover
  Bernard Jakoby, U. of Linz
  Dimitris Kiritsis, EPFL
  Otto Koudelka, TU Graz
  Gottfried Magerl, TU Vienna
  Christoph Mecklenbräuker, TU Vienna
  Gerald Ostermayer, FH Hagenberg
  Ludger Overmeyer, U. of Hannover
  Wolfgang Pribyl, TU Graz
  Markus Rupp, TU Vienna
  Arpad L. Scholtz, TU Vienna
  Andreas Springer, U. of Linz
  Robert Weigel, U. of Erlangen-Nuremberg
  Klaus Witrisal, TU Graz
  Johannes Wolkerstorfer, TU Graz
  Horst Zimmerman, TU Vienna

Internet page
http://rfid07.ftw.at

Important Dates
  Paper submission 31. May 2007
  Author notification 02. July 2007
  Final manuscript due 19. July 2007

Workshop topics include, but are not limited to:
  Electromagnetic field measurements
  Antenna design
  Multiple antenna systems
  Modulation schemes for RFID
  Security and privacy issues
  Link, system, and network level simulations
  Hardware and software implementation issues
  Inductive coupling for DC supply
  Multi-frequency and broadband tags
  Smart tags, programmable tags, and embedded systems
  Sensor tags and RFID for asset tracking and localization
  Advances in passive long range RFID technology
  Manufacturing processes for RFID tags
  Applications and industrial experience

The First International
EURASIP Workshop on RFID Technology

24 - 25 September 2007, Vienna, Austria

Call for Papers
The first international EURASIP workshop on RFID technology will provide a premium forum for presentation of the 
most recent research in this new technology. The objective is to continue, accelerate, and broaden the momentum 
already gained in this field. This call for papers intends to solicit contributions on the latest research of this new 
technology for wireless communication systems, spanning from the individual tag to entire systems based on RFIDs.

Submission Guidelines
Authors are encouraged to submit original, unpublished work 
for presentation at the workshop in the form of posters and 
full papers. Acceptance shall be based on an extended 
abstract of two pages in the standard IEEE conference format.

Workshop Venue
The workshop will be held in Vienna, 
Austria, at the Telecommunications 
Research Center Vienna (ftw.).

2 0 0 7

R F I D


