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We study the uplink performance of MIMO systems in UTRA FDD using noise rise and system load as performance measures.
Results show that the uplink coverage and capacity of the UTRA FDD mode are significantly improved by SIMO and MIMO
techniques that require only minor modifications to existing 3GPP specifications. Receive diversity in base station increases cov-
erage and capacity in a straightforward manner, but the gain from transmit diversity in mobile station is small because of the fast
closed-loop power control, which is essential to CDMA uplink performance. However, multiple transmit antennas in the mobile
can be used to achieve higher than 2 Mbps single-user data rates.
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1. INTRODUCTION

The demand of the enhanced data throughput for both up-
link and downlink directions is expected to grow rapidly
in the near future when multimedia messaging is about to
dominate the wireless communications. It is well acknowl-
edged that multiantenna transceivers provide one of the most
promising approaches to achieve high data rates in a band-
width efficient manner [1].

Standardization of Universal Mobile Telecommunica-
tions System (UMTS) terrestrial radio access (UTRA) is car-
ried out in the 3rd Generation Partnership Project (3GPP),
and so far, MIMO discussion has concentrated mainly on

high-speed downlink packet access (HSDPA), because the ca-
pacity demand imposed by projected data services (e.g., web
browsing) burdens more heavily the downlink. However,
when videophones become more popular, it is extremely im-
portant to reach high spectral efficiency also in the uplink di-
rection. Furthermore, if multiantenna mobiles are deployed
for HSDPA, it is important to study what is the gain of mul-
tiple transmit antennas in uplink.

In the UTRA framework, the feasibility of different
MIMO methods varies between uplink and downlink. In
downlink, different intracell users are separated by differ-
ent orthogonal channelization codes, and the capacity is lim-
ited by the shortage of the channelization codes. Therefore,
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spectrally efficient MIMO techniques reusing the same chan-
nelization codes are necessary, and spatial multiplexing
techniques like BLAST [2], single-stream transmission [3],
and double-stream transmission [4] with space-time coding
have been studied within WCDMA downlink. In addition
to open-loop transmission techniques, closed-loop MIMO
schemes exploiting antenna selection and rate control have
been proposed [4, 5].

With increasing load in the network, the uplink may be-
come a capacity bottleneck, and the more loading is allowed
in the uplink, the larger is the required interference mar-
gin, and the smaller is the cell coverage [6]. Thus, the in-
creased capacity demand in uplink reflects directly the num-
ber of base station sites and the overall cost of the network.
In WCDMA uplink, different users are separated by long
scrambling codes, and a single user may use the entire family
of the orthogonal channelization codes. Thus, different data
streams can be separated by different channelization codes,
which makes the receiver implementation considerably sim-
pler than in case of BLAST. Furthermore, the performance of
the scheme is also better than that of the system, where the
separation of different data streams is based solely on spatial
signatures [7].

Deploying multiple antennas in the user equipment or
base stations to support MIMO techniques is not straight-
forward due to concerns of cost, complexity, and visual im-
pact. This is especially true in the present mobile terminals,
where basic products with large production volumes may
have at most two antennas. Multimode terminals support-
ing, for example, WCDMA, GSM, and GPS may already re-
quire several antennas even without applying MIMO pro-
cessing. Furthermore, although two receiver chains in mobile
terminal may be feasible when offering additional value to a
consumer, it does not necessarily imply that two transmitter
chains were a cost-efficient solution. Hence, it is important
to carefully evaluate the performance gain of the additional
transmit chain in the mobile.

In the following, we focus on the uplink of UTRA
frequency-division duplex (FDD) mode. Recently, uplink
MIMO performance has been studied in [8, 9] but not within
UTRA framework. We concentrate on the methods that can
be implemented with minor changes to the present UTRA
FDD specifications, because it is not realistic to expect ma-
jor revisions in UTRA standards. Besides the single-input
multiple-output (SIMO) scheme, we study two basic MIMO
approaches referred to as diversity MIMO and information
MIMO. Diversity MIMO transmits the same data stream
from separate antennas using different orthogonal channel-
ization codes but the same scrambling code in different an-
tennas.

MIMO capacity increases linearly as a function of
min(M;, M,) (M; and M, refer to the number of transmit
and receive antennas) at high SNR region, while fast power
control in CDMA systems tends to maintain the SNR op-
eration point of different users as low as possible in order
to optimize coverage and capacity of the network. Thus,
information MIMO techniques are useful to achieve high
data rates while diversity MIMO can be used otherwise.

According to the present standard, the maximum achiev-
able user bit rate for SIMO or diversity MIMO without code
puncturing is 2 Mbps. Therefore, we also study the perfor-
mance of a simple information MIMO scheme, where differ-
ent data streams are transmitted through separate antennas
and each transmit antenna employs a different long scram-
bling code. For this method, user’s peak bit rate without code
puncturing becomes M; X 2 Mbps. We note that although a
single base station receive antenna can be applied, the perfor-
mance is seriously degraded if M, < M. Therefore, a prac-
tical peak data rate is min{M;, M,} - 2 Mbps. Macro base
stations typically employ two or four antennas, and it is ex-
pected that traditional two-antenna base stations dominate
in number in the near future. Thus, in practice, mobile ter-
minals and data modems may have four antennas at the max-
imum, while two antennas represent the most likely solu-
tion.

In case of fast transmit power control, different perfor-
mance of two different MIMO algorithms with the same an-
tenna configuration does not reflect directly to link or system
capacity because the power control adjusts the E,/N target
such that both techniques are able to support the same qual-
ity of service (QoS). In isolated cell, a better MIMO algo-
rithm requires less transmit power, though, which increases
cell coverage but does not increase the capacity, and the user
may experience an extended battery life. In network level,
a better MIMO algorithm reduces intracell interference and
therefore it has a positive impact on system capacity. How-
ever, in case of information MIMO, the effect is small in
WCDMA networks because high data rates will be deployed
in the vicinity of base stations and not on cell edges. Such
hot spots are already quite isolated and advanced informa-
tion MIMO techniques rather increase the coverage of the
hot spots when compared to more simple techniques. Fur-
thermore, when the cell load is small, the effect of intercell
interference on capacity is small, and consequently capacity
gain of advanced information MIMO algorithm is small as
well when compared to simple ones. Network planning typ-
ically favors reasonable cell loads to achieve a large cell cov-
erage so that the number of base stations in the network re-
mains economically viable.

The paper is structured as follows. Section 2 introduces
system model and SIMO, diversity MIMO, and information
MIMO techniques. Coverage and capacity of MIMO tech-
niques are analyzed in Section 3, and it is shown that receive
diversity is much more significant than transmit diversity for
the performance of the system. Thus, it is concluded that in-
stead of diversity, multiple transmit antennas in the mobile
should be used for increasing peak data rates, and multiuser
simulations in Section 4 concentrate on performance com-
parisons of SIMO and information MIMO. Concluding re-
marks are presented in Section 5.

2. SYSTEM MODEL

Let Nown and Nower refer to the number of own-cell and
other-cell users, respectively. Then the received wideband
signal in the baseband at time instant ¢ in antenna i can be
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expressed in the form

Nown Nother
ri(t) = > ya(t) + > za(0) +n(t), (1)
n=1 n=1

where n(t) is complex zero-mean Gaussian, y,(¢) is the in-
terference from nth own-cell user, and z,(t) is interference
from nth other-cell user. In case of single-antenna transmis-
sion, the received wideband signal from user # is given by

yu(t) = D ha(t) % \Jpn(banlilPr - ca(t — iTa — 8,)

i=—o0

+ jbealilBs - cc(t —iTe — 8,))
® Sdpch,n(t —ils — (Sn):

(2)

where * refers to convolution with multipath channel A,
and ® refers to chip-by-chip multiplication of user’s scram-
bling code sqpch,» and channelization codes ¢4 and ¢, of ded-
icated physical data channel (DPDCH) and dedicated phys-
ical control channel (DPCCH), respectively. Total transmit
power is given by p, and power difference between DPDCH
and DPCCH is adjusted by scaling factors f3; and f3,, and
user’s transmitted bits in DPDCH and DPCCH are denoted
by b4, and b.,. The users are not synchronized in uplink,
and the delay for user # is denoted by §,. Finally Ty, T, and
T; refer to lengths of the two channelization codes and the
scrambling code.

In UTRA FDD mode, the spreading of the information is
done by using channelization codes ¢4 of length 4-512 chips
(in uplink, the maximum code length is 256 chips). The chip
rate is 3.84 Mcps (Mega chips per second), which together
with transmit pulse shaping leads to the signal bandwidth of
approximately 5 MHz. On top of spreading, long scrambling
codes sqpch of length 38 400 chips are employed. While chan-
nelization codes are used in the downlink to separate differ-
ent users within the same cell and separation between the
cells is based on different scrambling codes, in the uplink,
the scrambling codes are used to separate different users and
channelization codes are employed when separating physical
data and control channels of a user. In data channels, the er-
ror correction is done by applying the rate 1/3 binary turbo
code with various interleaver sizes.

The present WCDMA FDD mode specification supports
user data rates up to 2 Mbps both in downlink and uplink. In
downlink, this would require the use of 3 parallel channeliza-
tion codes with spreading factor 4 which would allocate 75%
of code resources of the cell to a single user. In uplink, ter-
minal transmitting such a high data rate is seen as a large in-
terference source, but code resources of other intracell users
are not affected. Hence, the code shortage limits the cell ca-
pacity in the downlink while the uplink capacity is basically
interference limited.

Fast power control is an inherent characteristic of CDMA
system, and it is applied in most of the downlink and uplink
data channels in WCDMA. Uplink users in WCDMA are not
synchronized and due to nonorthogonality of users’ chan-
nelization codes, multiuser interference cannot be avoided.

Accurate fast transmit power control is indispensable to up-
link performance because otherwise, users in the vicinity of
the base station would completely mask intracell users on cell
edges. Exceptions among data channels, which operate with-
out fast closed-loop power control, are high-speed downlink
shared channel (HS-DSCH) and uplink random access chan-
nel (RACH), where the latter can carry only small data pack-
ets.

2.1. Multiantenna schemes
2.1.1. SIMO techniques

It is well known that multiantenna receiver techniques can
provide remarkable capacity and coverage gains. This is due
to the fact that after processing multiple replicas of the re-
ceived signal, the signal-to-interference ratio increases to-
gether with diversity gain. The gains can be converted to
higher data rates and increased number of users. More ca-
pacity gain can be achieved if a conventional maximal ra-
tio combining (MRC)/Rake receiver is replaced with a more
advanced parallel interference cancellation (PIC), where in-
terfering signals are estimated, detected, regenerated, and re-
moved.

Conventional PIC estimates multiple access interference
(MAI) from tentative uncoded symbol decisions that are
made before the decoding process. In the coded PIC, MAI is
estimated based on decoded and regenerated wideband sig-
nals. That is, signals from all users are fully detected and de-
coded in the first stage of PIC, and MAI is then formed by
the regenerated signals. Since the usual target frame error
rate is 10%, most users are correctly detected already at the
first stage and MAI is effectively removed. Cyclic redundancy
check is used for error detection, and hard symbol decisions
are used for correctly decoded users, whereas regenerated sig-
nals of incorrectly detected users apply soft decisions.

Coded PIC is more efficient than the conventional one,
but it increases decoding delay and requires relatively high
baseband processing capacity. An overview of different re-
ceiver techniques can be found, for example, in [6, 10].

2.1.2. Diversity MIMO

Well-known means for transmit diversity are provided by
space-time block codes such as Alamouti code [11] or space-
time transmit diversity (STTD) in 3GPP WCDMA downlink
[12]. However, there is no need to use STTD and a single
channelization code in UTRA FDD uplink because there is
no shortage of channelization codes. This is illustrated in
Figure 1 depicting the block diagrams of SIMO and two-
antenna diversity MIMO transmission. Thus, the received
signal from user # applying diversity MIMO becomes

© M,

=S S hn,mm*ﬁ” (banlilBs - cam(t — iTs—8,)
i=—oc0 m=1

+jbc,n[i]ﬁ2'Cc,m(t_iTc_(Sn))
® Sdpch,n(t —iTs — (Sn):

(3)
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FIGURE 1: System model for SIMO and diversity MIMO.

where M; refers to the number of transmit antennas. With
diversity MIMO, mobile transmits the same data stream
(DPDCH and DPCCH) simultaneously from M; antennas.
In order to separate the chip streams at the base station, each
antenna uses different channelization codes c;,, and c.p.
Thus, the scheme doubles the usage of uplink channeliza-
tion codes when compared to single-antenna transmission or
STTD, but without the need for space-time encoder/decoder.
In case of flat fading and perfect channel state information in
the receiver, the link performance is the same as with STTD
because the diversity order of both schemes is two. How-
ever, the system utilizing orthogonal channelization codes
is more robust because orthogonality of the received signals
does not depend on the channel estimation as in the case of
STTD.

In diversity MIMO, the improved uplink performance of
a user within the cell is converted by power control to the
decrease in transmit power, while the intracell load in the
base station receiver remains unchanged. However, it is ex-
pected that improved uplink performance will provide cov-
erage gain and reduction in intercell interference that is fa-
vorable from network point of view.

2.1.3.

Information MIMO approach is better than SIMO or diver-
sity MIMO if higher than 2 Mbps user data rates are needed,
because according to WCDMA specification, such rates can
be obtained by SIMO and diversity MIMO only if either code
puncturing or multiple scrambling codes are employed. The
former alternative is not recommended because the reduced
code rate quite rapidly destroys system performance. On the
other hand, due to the poor cross-correlation properties of
the scrambling codes, the use of multiple scrambling codes is

Information MIMO techniques

not a favorable choice either. Adaptive modulation and cod-
ing (AMC) with 16 or 64 QAM modulation might be able to
provide a high data rate solution but our aim is to assume
minimum changes in UTRA FDD specifications that do not
support AMC in uplink at the moment. Furthermore, trans-
mit precoding based on instantaneous channel state infor-
mation in the transmitter is not applied because the UTRA
FDD specification does not support the necessary feedback
channel.

In case of information MIMO, the received wideband sig-
nal from the nth user is given by

© M;

30 =3 S b5 (g 1161 cam (t-iTa )
i=—co m=1 t

+jbc,n,m [i]ﬁz *Cem (t_iTc _(Sn))

® Sdpch,n,m(t —iTs = 68,).

(4)

Thus, data are multiplexed into two or more independent
streams that are transmitted from separate antennas by
employing different scrambling codes. All streams contain
DPDCH and DPCCH so that in the base station, they can be
interpreted as signals from different independent users, and
consequently, the effective number of intracell users becomes
N, owth~

The present specification allows the mobile to use only
a single scrambling code as well as a single DPCCH and
DPDCH. For the proposed information MIMO, the present
UTRA FDD uplink specification should be changed such that
the use of multiple scrambling codes is allowed in the mo-
bile end. Then, it should be possible to independently apply
DPCCH and DPDCH to each scrambling code. This does not
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represent a big change to radio interface because it only re-
quires that a single user can set up M; different links. For the
effective use of several simultaneous links, some new code
puncturing sets would also be needed.

3. ANALYSIS

When studying the uplink performance of different trans-
mission schemes on the system level, an important perfor-
mance measure is the noise rise, denoted by p, which is de-
fined as a ratio of the total received wideband power to the
thermal noise power. While detecting a signal of a user in
the base station, the wideband power corresponding to other
users is seen as interference. Hence, noise rise is closely con-
nected to the system load #. Formally this relation is given
by [6]

1

et )
The more loading is allowed in the system, the larger is the
required interference margin yy = max{y} and the smaller is
the coverage area. Interference margin defines the maximum
allowed noise rise and typically values 1.0-3.0 dB are used
for coverage-limited cases with 20-50% load, and in capacity
limited case, higher interference margins up to 6 dB can be
used [6].

When comparing different transceiver techniques, the
system load can be estimated from the sum of received wide-
band powers of different users. Signals from different users
are mutually independent and from (1), the received wide-
band power in antenna i is given by

E{|T’,‘(t)|2} = Itotal = Iown+lother+PN) (6)

where Py is the noise power and

Nown

2
Iown = Z E{|yn(t)| };
- (7)
Nother 2
Iother = Z E { |Zn(t)| }
n=1
The received E,/Ny per data stream of user # is given by
Pryn
(Ep/No),, = ton 78— (8)

b
Itotal - pr,n

where Pgy,, refers to the received power, and «, is the ratio
between the bit rate and chip rate (processing gain) of user
n. The system load becomes

Nown

n=(1+v) Z
n=1

Nd,nKnERx,n (9)
1+ KnERx,n ’
where v = Iother/Iown 18 the intercell-to-intracell interference
ratio seen by the base station receiver, Noyy, is the number of

own-cell users, N, is the number of data streams of the nth
user, and Epy, is the received energy per data bit divided by
the noise spectral density (E,/Np) of the nth user [6]. Here
Ey/Ny is defined per antenna, and the desired E,/N, depends
on service requirements, interference, and the type of the re-
ceiver. For example, PIC can provide the same block error
rate as Rake with lower received E;,/Nj.

According to (5), the theoretical capacity limit is reached
when the load approaches the 100% level. Then (9) de-
fines the corresponding maximum number of users. If all
users employ the same service, the computation of the cell
throughput is straightforward, and the maximum number of
own-cell users is given by

#0(1 + kEgx)

Nown = 0TI
M NykEpy(1+ )

(10)

where 179 = 1 — 1/uo and the number of data streams Ny is
the same for all users. If the number of receive antennas is
doubled, it is expected that the received E,/Nj per antenna is
roughly halved, because of the MRC in the receiver, and by
(10), the maximum number of users can be doubled. Fur-
thermore, the coverage of the service is expected to double as
well. On the other hand, if we fix the number of receive an-
tennas, double the number of transmit antennas, and employ
transmit diversity, it is expected that mobile’s transmit power
is reduced. However, this change in the transmitter end does
not reduce the received E,/Nj because power control drives
the received power to the target level defined by QoS irre-
spective of the number of transmit antennas. On the con-
trary, the interference ratio v becomes smaller because the
intercell interference is reduced. This increases the cell ca-
pacity depending on the original value of v.

Another approach to utilize multiple transmit antennas
is to apply information MIMO technique and double the bit
rate by using different scrambling codes in different trans-
mit antennas. This enables data rates higher than 2 Mbps
but transmit diversity gain will be lost. Thus, the key ele-
ments to understand the effect of MIMO on the uplink per-
formance of UTRA FDD mode are the received E;/Ny, trans-
mitted power and their impact on intracell and intercell in-
terference. In the following, we study these parameters more
closely.

In the presence of M; X M,-order diversity system, MRC,
and flat fading, the mean received power of user # is given by

MM,

E{|yn(t) |2} = E{pn)/n}) Yn = Z Ym,n> (11)
m=1

where y,,, is the instantaneous power from mth channel, p,
is the transmit power, selected according to feedback com-
mands, and M, denotes the number of receive antennas. In
the presence of ideal power control, we have p, = PL/y,,
where PL, is the target power level of the nth user in the re-
ceiver. We note that P is proportional to the required Ey/No.
In the following analysis, we use this ideal model with the ex-
ception that path loss cannot be compensated if the channel



302 EURASIP Journal on Wireless Communications and Networking

power response ¥, is smaller than a given threshold y,. Let
PT¥* be the maximum transmit power. Then we define

Pgy
) n > >

pa=1y > T (12)
PR, yYa < 0.

We note that here PL, is the received total power after Rake
combining over M, antennas. Hence, the target power is
achieved always when y > y,. We assume limited power
control dynamics because coverage of most of the high data
rate services is usually limited although basic services such as
speech and 64 kbps data are supported everywhere. For these
basic services, the limited power control dynamics is usually
not a problem because the cell edge is in the handover area
where the best base station among more than one alternative
can be selected. However, for high data rate services, limited
power control dynamics should be taken into account.

3.1. Cell coverage

If PC dynamics were unlimited, the expected received power
in (11) would remain at the target level PL, all the time. How-
ever, given the upper bound P, the target level is not al-
ways reached. Consider first an extreme case where the mo-
bile transmits continuously with maximum power. Then we

have
E{py} = M, PPy, (13)

where j is the mean received power in the base station before
the MRC combining. Note that in the following, the user in-
dex n is excluded for clarity. The target power level is reached
it M, P19 = PL. . Then the maximum allowed path 10ss Liax
is simply of the form M, P*/P[ . The limit is usually, how-
ever, far too optimistic in low mobility environments because
the channel-level crossing time is long when compared to
frame length (10 — 20 milliseconds) leading to bursty frame
errors during the fades, which seriously degrade QoS.

We study the mean received power Py, from an own-cell
user more closely. We have

Pry = E{py} = PL.P(y > y0)

max (14)
+PRXE{y | y <yo}P(y <o),

where P(y > yo) refers to the probability that y > y,. Assum-
ing flat Rayleigh fading, diversity MIMO with uncorrelated
antennas, and Rake receiver, the pdf of the channel power re-
sponse after MRC is given by

M; (MtY)MtMFI ~My/y
- (2 Vi (15
T = Ty \ 7 ¢ =

where the total transmit power is evenly divided between
the transmit antennas. We note that in case of information
MIMO, we should set M; = 1 in (15) and divide the maxi-
mum transmit power by the number of transmit antennas.

In the following, the analysis is carried out only in the
case of flat fading. The analysis can be extended to the mul-
tipath Rayleigh fading channels if channel taps are assumed
to be uncorrelated, where the assumption holds only when
sampling in the chip frequency. In multipath case, the anal-
ysis is very similar to the one given here. The only difference
is that computation of mean powers is tedious since the pdf
of the channel power response is formed as a weighted sum
of functions of the form y?exp(—ay). To avoid too complex
and technical expressions, multipath case is omitted.

We denote the conditional expectation in (14) by E. After
applying the definition of f and substitution t = M;y/y, we
obtain

[1]

Myyo/y
j (MM, -t gy, (16)

_ y
M T (MtMr) 0

By [13, (6.5.1) and (6.5.13)], the integral can be expressed in
terms of Poisson distribution

Mo
Pu(x) =e™* — (17)
m=0 °
We obtain
_ PEM
E =220 (1 - Pa (M), (18)
PTx f

where & = y¢/j. It remains to evaluate the probabilities in
(14). Using again the expression of f, substitution t = M;y/7,
and (17), we find that

P(y > y0) = Pum, (Mi€). (19)

After combining (14), (18), and (19), we get

Ppy = PIT{;;(fPM,M, (M8)

# 51 = Paan (M) (1 = P (D)) ).

§
(20)

Figure 2 displays the expected received powers as a func-
tion of the ratio of path loss L and PT* for different antenna
configurations. Consider an example where the maximum
tolerated loss in the received power is less than 0.5 dB. Then
we find from Figure 2 that the coverage gain from doubling
the number of receive antennas is about 5 dB. Also, the gain
from doubling the number of transmit antennas is notice-
able.

From (13), we find that if the mobile is continuously
transmitting with maximum power, the target level Pl is
achieved when L/P3** is less than 0, 3, and 6 dB for 1, 2, and 4
receive antennas, respectively. Hence, according to this logic,
the range of the cell is directly defined by the number of re-
ceive antennas. However, as previously mentioned, in low-
mobility environments, bursty frame errors degrade QoS.
Since the power control tends to drive the received power

to optimum value, already a relatively small loss may cause
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Relative received power (dB)

Ratio between mean path loss and maximum
transmit power (dB)

—©— Trans. ant. = 1, rec.ant. = 1 -%- Trans. ant. = 2, rec. ant. = 4
O+ Trans. ant. = 4, rec. ant. = 1
--%-- Trans. ant. = 4, rec. ant. = 2

% Trans. ant. = 4, rec. ant. = 4

—¥— Trans. ant. = 1, rec. ant. = 2
—>— Trans. ant. = 1, rec. ant. = 4
-©- Trans. ant. = 2, rec. ant. = 1
-%- Trans. ant. = 2, rec. ant. = 2

FIGURE 2: Expected received power as a function of L/PE™ assuming
0dB target power and flat Rayleigh fading for 1 (solid curves), 2
(dashed curves), and 4 (dotted curves) transmit antennas, while the
number of receive antennas is 1 (-0-), 2 (=-), and 4 (-x-).

a frame error that further leads to the power increase request
by open-loop power control. If the mobile is on the edge of
the service area, consecutive “power-up” commands do not
necessarily improve the QoS, but increase the intracell inter-
ference and consequently reduce the cell capacity. If the cell
load is already high, the service is terminated rapidly. Thus,
the coverage gain of MIMO also depends on the cell load.

Finally, we note that the curves in Figure2 are not
smooth when approaching the limit L/PT{* = M,. This is
due to the nature of the distribution corresponding to the
limited transmit power.

3.2. Cell capacity
3.2.1. Diversity MIMO

Consider an example where all users employ the same ser-
vice. Suppose we have two systems with diversity MIMO but
different antenna configurations and the same number of
users. Then by (10), we obtain

ﬂ _ ERX)1(1+KERX,2) . 1+ (21)
12 ERX)z(l + KERx,l) 1+ 1/2)

where numbers 1 and 2 refer to different antenna configura-
tions. In the following, we assume that target E;/N, per an-
tenna is constant and inversely proportional to the number
of receive antennas. Then

ERx,l Mr,2

Iown 1
ol = =52 22
Iown,2 ERx,2 Mr 1 ( )

>

This simplification is justified if most of the own-cell users
are not in the edge of the service area, where E,/N, can be
corrupted as shown in previous coverage study. For the in-
tercell interference, there holds

Nother Nother

Tother = Z E{Pn))n} = Z E{Pn})_/m (23)
n=1 n=1

where transmit power p, of user # in the interfering cell does
not depend on the mean channel attenuation j, in the own
cell. Since the expectation of p, is proportional to the mean
transmitted power Pry, the power ratio between the two sys-
tems is given by

E {Pn,Z} _ pTx,2

= = . 24
E{pui} Prxa 24)

Hence, the ratio between other cell interferences is given by

Iother 2 pTxZ
_—s = === (25)
Iother,l PTx,l
After combining (22) and (25), we find that
M,, Py,
vy = o2 STed 26
: M1 Pry (26)

It remains to compute the expected transmit power Pry for
different antenna configurations. There holds

_ pr
Pr = ESL ;}X [y > yo}P(y >90) + PEXP(y < y0). (27)

Here we take into account the effect of the limited power con-
trol dynamics because the strongest interferers are expected
to be located on the edge of the neighboring cells. We denote
the conditional expectation in the equation above by E. Then
we obtain

Py M, Jm MM, 2t
B= 0 —— Mrfemt e, (28)
yr(MtMV) Miyo/y
As previously pointed out, this integral can be expressed in
terms of the Poisson distribution if M;M, > 1. However, if

MM, = 1, we obtain exponential integral function E;, de-
fined by [13, (5.1.1)]. It is found that

EI(E)) MtMr _ 1’
g=pme. )y o)
X MM—:_lﬂ)M[M,—l(Mtf), MM, > 1.

An expression for the mean transmit power can be deduced
by applying this formula and (19). If M;M, = 1, there holds

Pry = PRX(EE (§)e ™t +1—e7%). (30)
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FIGURE 3: Pr,/P¥™ as a function of L/PE™ assuming flat Rayleigh
fading. The number of transmit antennas is 1 (solid curves), 2
(dashed curves), and 4 (dotted curves), while the number of receive
antennas is 1 (-0-), 2 (=x-), and 4 (-x-).

Moreover, if M;M, > 1, we have

EM, Prim, -1 (M&) Pagm, (M)
MM, — 1

(1= Puag (M) ).

Pr, = P‘T‘?"(
(31)

Figure 3 displays the expected transmit powers for dif-
ferent antenna configurations as a function of L/PP. It is
seen that diversity gain decreases when L/Py* approaches
the value M, . The effect of the limited power control dynam-
ics on the capacity gain depends on the cell load since the
tolerance for received Ep/Ny is small when the load is high.
Then the limiting value for L/PT* is far less than M, and it is

justified to use asymptotic gains, obtained for small £. Now

| PTx 00, MM, =1, (32)
im-—= = M; 32
—0 EPI —\ MM, >1,

§-0 E Tx MM, — 1 tiVly

and after applying the above result to (26), we find that

M oM;r (M1 M,; — 1)
M, Mgy (MipM,> — 1)

V) = V1. (33)

This result could have also been deduced from the power rise
result given in [14] (see also [15]). Thus, by using (21), (22),
and (33), we can estimate the noise rise and capacity of a sys-
tem with different antenna configurations provided that the
service, Ep/Ny of the reference case, and the initial interfer-
ence ratio v; are known.
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F1GURE 4: Noise rise as a function of 64 kbps users in flat Rayleigh
fading environment. The number of transmit antennas is 1 (solid
curves), 2 (dashed curves), and 4 (dotted curves), while the number
of receive antennas is 2 (-k-) and 4 (-x-). Initial interference ratio v
is 0.55.

TasBLE 1: Simulation parameters.

1940 MHz
3.840 Mchips

1 sample/chip
ON, both inner
and outer loops
BLER target (QoS) 10%

Rake finger allocation

Carrier frequency
Chip rate
Sampling rate

Power control

Known delays

Maximum number of
allocated Rake fingers
Channel estimation

5/receive antenna

Estimated (DPCCH)

Signal-to-interference

. Estimated (DPCCH)
estimation

Figure 4 shows the noise rise as a function of the number
of 64 kbps users. Naturally, higher than 64 kbps data rates can
be implemented, but then the number of users is less and ca-
pacity figures are not as illustrative as in the selected case. Re-
sults are obtained by applying (5), (9), (21), (22), and (33).
The baseline system has M, = 2, M; = 1, and the corre-
sponding Ep/N, value 0.57 dB was obtained by link-level sim-
ulations (see Tables 1 and 2 for simulation parameters). The
initial interference ratio v in the baseline system is 0.55 corre-
sponding to macrocell system with omnidirectional antennas
[6].

The results in Figure 4 show that the gain from additional
receive antennas is large while the gain from the transmit di-
versity is small. It is emphasized that the transmit diversity
gain vanishes in isolated cell, where ¥ = 0. On the other hand,
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TaBLE 2: Service-related parameters for 64 and 960 kbps circuit switched data.
Data rate DTCH/DCCH 64/2.4 kbps 960/0 kbps
Rate matching (DTCH) 16% repetition 0.5% puncturing
Channel coding Turbo 1/3 Turbo 1/3
Interleaving period 10 ms 10 ms
Number of dedicated physical data channels 1 3
Spreading factor on DPCCH/DPDCH 256/16 256/4
Dedicated control bits in slot: pilot/PC/TFCI 6/2/2 6/2/2
Power ratio of DPCCH/DPDCH —-5.46dB —9.54dB

Number of users

Interference ratio

—*%— Trans. ant. = 1, rec. ant. = 2 -x- Trans. ant. = 2, rec. ant. = 4
% Trans. ant. = 4, rec. ant. = 2

--x-- Trans. ant. = 4, rec. ant. = 4

—»— Trans. ant. = 1, rec. ant. = 4
-%- Trans. ant. = 2, rec. ant. = 2

FiGure 5: Number of 64 kbps users as a function of interference ra-
tio » when the cell load is 75% in flat Rayleigh fading environment.
The number of transmit antennas is 1 (solid curves), 2 (dashed
curves), and 4 (dotted curves), while the number of receive anten-
nasis 2 (=) and 4 (-x-).

if v is large, the transmit diversity gain increases. This is illus-
trated in Figure 5 showing the number of 64 kbps users as a
function of interference ratio when the cell load is 75%. Hor-
izontal axis provides the value of » for 1 X 2 system, and cor-
responding interference ratios for other cases are computed
from (33).

The results in Figure 5 show that the transmit diversity
gain remains relatively small even when initial v is large.
Hence, the receive diversity is much more effective than the
transmit diversity when the aim is to increase the cell capac-

ity.
3.2.2. Information MIMO

Suppose we have two systems applying different information
MIMO techniques but the same antenna configuration. Then

m_ 1+
12 1+

(34)

provided that the target E,/Ny remains the same for both
techniques. According to (26), we then have

vy = Prea "1 (35)
p Tx,1

and it is found that the performance difference between the
two information MIMO techniques reflects only the intercell
interference ratio. Thus, the achievable gain depends on the
system load and initial intercell interference ratio in a similar
manner as in case of diversity MIMO with a fixed number
of receive antennas. Therefore, it is expected that noticeable
differences in system-level capacities of various information
MIMO techniques are obtained only when different MIMO
techniques have different E;/N, targets, which arise, for ex-
ample, when different interference cancellation techniques
are applied. As mentioned before, transmit precoding based
on instantaneous channel state information is not available
because UTRA FDD specification does not support a suit-
able feedback channel. In the next section, we show by simu-
lations that the MIMO performance can be greatly increased
by employing PIC instead of Rake in the receiver.

4. SYSTEM SIMULATIONS

4.1. Simulation parameters

The main simulation parameters and assumptions are shown
in Table 1. Full 3GPP link-level modeling was used with
inner- and outer-loop power control and realistic channel
and interference estimation algorithms. The service-related
parameters for 64 kbps and 0.96 Mbps are summarized in
Table 2. For more details, see [16].

The radio channel models were flat Rayleigh fading and
Pedestrian B, where relative mean path powers are 0.0, —0.9,
—4.9, —8.0, —7.8, and —23.9 dB with the delays 0, 200, 800,
1200, 2300, and 3700 nanoseconds. The latter model pro-
vides a realistic and challenging radio channel model for low
mobility environments, and it is applied in feasibility stud-
ies of uplink of UTRA FDD mode [17]. In case of SIMO,
our system model follows accurately the present UTRA FDD
specifications and simulations are done following strictly the
recommendations given in [18]. The simulation model based
on the recommendations of [18] is widely used in 3GPP
standardization because it is transparent to the experts on
the field. In case of MIMO, our system model slightly dif-
fers from the present specification because we assume an ad-
ditional scrambling code and corresponding DPCCH and



306 EURASIP Journal on Wireless Communications and Networking

DPDCH. We have also introduced some code puncturing
sets that do not comply with the present specifications, but
the effect of these puncturing sets is minor.

System-level performance measures are the received en-
ergy per user bit and antenna, and the noise rise. When given
in terms of the number of users, the former illustrates the in-
crease in required received/transmitted power when the cell
load is growing, and the latter shows the increase of the total
interference power in the network.

4.2. Simulation results
4.2.1. SIMO and diversity MIMO

In case of 64 kbps service and SIMO, the simulated noise rise
agrees with the analytical results of Figure 4 within 0.1 dB.
For diversity MIMO, simulation results agree well with the-
oretical results only in case of two transmit and two receive
antennas. Especially with four receive antennas, simulation
results show no gain from additional transmit antennas, the
resulting noise rise being approximately the same as in case
of SIMO. This is because channel estimation losses due to
the lower pilot power per transmit antenna destroy the addi-
tional diversity gain The simulations employed the conven-
tional Rake receiver.

Since the diversity MIMO did not indicate noticeable
gains, only the performance of SIMO with Rake, conven-
tional PIC, and coded PIC was simulated for 0.96 Mbps ser-
vice. This service can be provided in the framework of the
present UTRA FDD specification, and therefore, there is no
need to introduce the information MIMO.

Figure 6 depicts the received energy per bit and antenna
for SIMO in terms of the number of 0.96 Mbps users assum-
ing isolated cell and Pedestrian B channel with 3 km/h mobile
speed. Isolated cell is assumed because it is common to pro-
vide high data rate services only in the inner part of the cell
excluding the handover area. Then the coverage of the ser-
vice becomes an important issue. It is important to note that
the received energy per bit and antenna in Figure 6 was com-
puted against AWGN, while the noise in target E,/Nj con-
tains also interference.

A rough estimate for the coverage gain can be deduced
from the results of Figure 6. This is due to the fact that the
received power is proportional to the transmitted power and
the gain in the received power indicates gain in the range of
the service. It is found that the range gain from additional
receive antennas is of the order of 3 dB in the single-user case,
but it grows rapidly with additional users.

Figure 7 depicts the noise rise for SIMO system as a func-
tion of the number of 0.96 Mbps users. It is found that dou-
bling the number of receive antennas from two to four al-
most doubles the cell capacity, and throughput of the order
of 10 Mbps can be achieved assuming four receive antennas,
coded PIC, and 75% load. We remind that 10% block error
rate assumption should be taken into account when com-
puting the throughput. The result indicates a relatively high
spectral efficiency of almost 2 bps/Hz, which is obtained by
well-known receiver algorithms with only four receive an-
tennas in the base station and most importantly, without any
changes in the present UTRA FDD standard. Furthermore,

Received energy per user bit and antenna (dB)

1 2 3 4 5 6 7 8 9 10 11
Number of 0.96 Mbps users

—— Rake, rec. ant. = 2
—x— Rake, rec. ant. = 4
-%- Conv. PIC, rec. ant. = 2

-%- Conv. PIC, rec. ant. = 4
--%-- Coded PIC, rec. ant. = 2
--x-- Coded PIC, rec. ant. = 4

FIGURE 6: Received energy per user bit and antenna for SIMO sys-
tem as a function of 0.96 Mbps users in isolated cell assuming Pedes-
trian B channel with 3 km/h mobile speed. The number of receive
antennas is 2 (--) and 4 (-x-), and the employed receivers are Rake
(solid curve), conventional PIC (dashed curve), and coded PIC
(dotted curve).

it should be noted that conventional PIC and coded PIC re-
markably boost the system performance already with two re-
ceive antennas.

4.2.2. Information MIMO

If data services with bit rates higher than 2 Mbps are pro-
vided, information MIMO is a better solution than SIMO
or diversity MIMO. The claim can be based on the results
of Figure 8, which shows the received energy per bit and an-
tenna for SIMO and MIMO as a function of user bit rate as-
suming isolated cell and Pedestrian B channel with 3 km/h
mobile speed. The noise rise level corresponding to 50% load
is depicted by dash-dotted line. The number of receive an-
tennas is four in all cases and two transmit antennas are em-
ployed in MIMO system, and bit rates higher than 2 Mbps
for SIMO and bit rates higher than 4 Mbps for MIMO are
obtained by using code puncturing. Results corresponding
to SIMO with coded PIC are excluded because there is prac-
tically no gain from coded PIC against conventional PIC if
heavy code puncturing is applied.

The results show that user bit rates up to 6 Mbps can be
achieved with coded PIC and 50% system load. Even higher
data rates would be possible by allowing a higher load for a
single user.

Due to the code puncturing, spectral efficiencies as high
as in case of multiuser system with 0.96 Mbps users are not
achieved. The MIMO scheme is not directly applicable in the
present UTRA FDD system, but required changes to tech-
nical specifications are small. The changes include the use of
multiple control channels—one for each transmit antenna—
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FiGure 7: Noise rise for SIMO system as a function of 0.96 Mbps
users in isolated cell assuming Pedestrian B channel with 3km/h
mobile speed. The number of receive antennas is 2 (--) and 4 (-x-),
and the employed receivers are Rake (solid curve), conventional PIC
(dashed curve), and coded PIC (dotted curve).

and some new code puncturing rules for the highest data
rates.

The results show that already with two transmit anten-
nas, the MIMO system provides remarkably better perfor-
mance than SIMO. Assuming more than two mobile anten-
nas, even higher data rates can be obtained. However, if the
number of receive antennas does not increase at the same
time, the gain from additional transmit antennas will be
smaller than the one obtained in Figure 8, where the number
of transmit antennas was doubled from one to two. In prin-
ciple, data rates depicted in Figure 8 can be increased by em-
ploying AMC, but the topic is not studied here because AMC
would require major changes in the present standard, while
only minor changes are needed for the information MIMO
scheme.

5. CONCLUSIONS

The performance of SIMO, diversity MIMO, and a simple
information MIMO schemes was considered assuming Rake,
PIC, and coded PIC receivers. The coverage and capacity of
SIMO and diversity MIMO were studied by means of ana-
lytical tools and the results were confirmed with simulations.
Furthermore, a case study of the information MIMO algo-
rithm was examined by simulations.

Results showed that the uplink coverage and capacity of
UTRA FDD mode are significantly increased by SIMO and
MIMO. While the performance increase from additional base
station antennas reflects straightforwardly the coverage and
capacity results, transmit diversity gain from additional an-

User bit rate (Mbps)

—*— Rake, trans. ant. = 1
—x— Rake, trans. ant. = 2
-%- Conv. PIC, trans. ant. = 1

-x- Conv. PIC, trans. ant. = 2
% Coded PIC, trans. ant. = 2
-—-- Noise-rise level (50% load)

FIGURE 8: Received energy per user bit and antenna for SIMO and
MIMO systems with 4 receive antennas as a function of user bit rate
in isolated cell assuming Pedestrian B channel and 3 km/h mobile
speed. The number of transmit antennas is 1 (--) and 2 (-x-). Em-
ployed receivers are Rake (solid curve), conventional PIC (dashed
curve), and coded PIC (dotted curve). Dash-dotted curve shows the
noise-rise level corresponding to 50% load.

tennas in the mobile end is relatively small. This is due to the
fact that in the link level, the inner-loop power control con-
verts the increased diversity to decrease in the required trans-
mission power. On the contrary, if user bit rates higher than
2Mbps are needed, the gain from the information MIMO
(spatial multiplexing) is large because heavy code puncturing
as in case of SIMO can be avoided. Thus, multiple transmit
antennas in mobile station should be used for spatial multi-
plexing and not for transmit diversity. Furthermore, the use
of information MIMO requires only minor changes to the
present WCDMA specification.

Simulations showed that doubling the number of receive
antennas in the base station from two to four almost dou-
bles the cell capacity, and throughput of the order of 10 Mbps
can be achieved assuming coded PIC and 75% system load.
The result indicates a spectral efficiency of almost 2 bps/Hz
that is achieved by well-known receiver methods without any
changes in the present UTRA FDD standard. Furthermore,
single-user bit rates up to 6 Mbps can be achieved by using
information MIMO with two transmit antennas, four receive
antennas, coded PIC, and 50% load.
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Space-Time Channel Modeling for
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Call for Papers

Multiple-input multiple-output (MIMO) wireless commu-
nication systems exploit the spatial channel created by trans-
mit and receive antenna arrays to increase quality, capacity,
and coverage in wireless communication systems. A wide
variety of techniques, including space-time coding, spatial
multiplexing schemes, transmitter-receiver architecture, pre-
coding methods together with established physical layer al-
gorithms have been proposed or adopted for MIMO com-
munication systems. Channel modeling plays an important
part in validating and proving these systems. Despite rapid
progress in MIMO communication systems, lack of under-
standing and modeling of spatial aspects of wireless channels
is a critical obstacle to the further development of this tech-
nology.
Topics of interest include (but are not limited to):

e Space-time channel models based on physical propa-
gation mechanisms

e MIMO channel simulators

e Channel models based on measurements

e Spatial correlation

e Fast fading and/or frequency-selective channels

e MIMO channel measurements

e Statistical MIMO channel models

e Modeling and measurement of angular power distri-
butions

e Broadband MIMO channel models

e Spatial aspects of UWB and 60 GHz channels

e Multiuser MIMO channel models
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complete manuscript through the EURASIP JWCN’s manu-
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Special Issue on

Millimeter-Wave Wireless Communication Systems:

Theory and Application

Call for Papers

In 2001, the United States Federal Communications Com-
mission (FCC) reserved 7 GHz of unlicensed spectrum be-
tween 57 to 64 GHz for the purpose of wireless communi-
cations. As a results, the millimeter-wave- (mmWave-) based
technology has received increased attention in both academia
and industry for very high-data-rate wireless personal area
network (WPAN) applications such as high-speed internet
access, streaming content download (e.g., HDTV, home the-
ater, etc.), real-time streaming, and wireless data bus for ca-
ble replacement. In addition to the high-data-rate applica-
tions, energy propagation in the 60 GHz band has unique
characteristics that give many other benefits such as excel-
lent immunity to interference, high security, and frequency
reuse. This has been proven when an industrial standard such
as IEEE 802.15.3c has been introduced to develop alterna-
tive PHY for the existing 802.15.3 WPAN Standard based on
mmWave technology.

The aim of this special issue is to present research in
mmWave communication systems with emphasis on future
applications in wireless communications.

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

e Radio propagation measurement and modeling

e Antenna design

e Transmission technologies (e.g., modulation and de-
tection)

e Algorithm and signal processing

e Synchronization and channel estimation

e Multiple access

e Standardization and regulation issue (e.g., IEEE
802.15.43¢)

e RF transceiver frontend and subsystems design

e System design, implementation, and performance

o Circuit/RFIC design (e.g., SiGe, BiCMOS, CMOS,
etc.)

e Multiple-antenna system (e.g., mmWave-MIMO)

o Wireless network and related issues

e Applications
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Special Issue on

Signal Processing with High Complexity:
Prototyping and Industrial Design

Call for Papers

Some modern applications require an extraordinary large
amount of complexity in signal processing algorithms. For
example, the 3rd generation of wireless cellular systems is ex-
pected to require 1000 times more complexity when com-
pared to its 2nd generation predecessors, and future 3GPP
standards will aim for even more number-crunching applica-
tions. Video and multimedia applications do not only drive
the complexity to new peaks in wired and wireless systems
but also in personal and home devices. Also in acoustics,
modern hearing aids or algorithms for de-reverberation of
rooms, blind source separation, and multichannel echo can-
celation are complexity hungry. At the same time, the antic-
ipated products also put on additional constraints like size
and power consumption when mobile and thus battery pow-
ered. Furthermore, due to new developments in electroa-
coustic transducer design, it is possible to design very small
and effective loudspeakers. Unfortunately, the linearity as-
sumption does not hold any more for this kind of loudspeak-
ers, leading to computationally demanding nonlinear cance-
lation and equalization algorithms.

Since standard design techniques would either consume
too much time or do not result in solutions satisfying all
constraints, more efficient development techniques are re-
quired to speed up this crucial phase. In general, such de-
velopments are rather expensive due to the required extraor-
dinary high complexity. Thus, de-risking of a future product
based on rapid prototyping is often an alternative approach.
However, since prototyping would delay the development, it
often makes only sense when it is well embedded in the prod-
uct design process. Rapid prototyping has thus evolved by
applying new design techniques more suitable to support a
quick time to market requirement.

This special issue focuses on new development meth-
ods for applications with high complexity in signal process-
ing and on showing the improved design obtained by such
methods. Examples of such methods are virtual prototyp-
ing, HW/SW partitioning, automatic design flows, float to fix
conversions, automatic testing and verification, and power
aware designs.
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complete manuscripts through the EURASIP JES’s man-
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Special Issue on

Field-Programmable Gate Arrays in Embedded Systems

Call for Papers

Field-Programmable Gate Arrays (FPGAs) are increasingly
used in embedded systems to achieve high performance in a
compact area. FPGAs are particularly well suited to process-
ing data straight from sensors in embedded systems. More
importantly, the reconfigurable aspects of FPGAs give the
circuits the versatility to change their functionality based on
processing requirements for different phases of an applica-
tion, and for deploying new functionality.

Modern FPGAs integrate many different resources on a
single chip. Embedded processors (both hard and soft cores),
multipliers, RAM blocks, and DSP units are all available
along with reconfigurable logic. Applications can use these
heterogeneous resources to integrate several different func-
tions on a single piece of silicon. This makes FPGAs particu-
larly well suited to embedded applications.

This special issue focuses on applications that clearly show
the benefit of using FPGAs in embedded applications, as well
as on design tools that enable such applications. Specific top-
ics of interest include the use of reconfiguration in embedded
applications, hardware/software codesign targeting FPGAs,
power-aware FPGA design, design environments for FPGAs,
system signalling and protocols used by FPGAs in embed-
ded environments, and system-level design targeting modern
FPGA’s heterogeneous resources.

Papers on other applicable topics will also be considered.
All papers should address FPGA-based systems that are ap-
propriate for embedded applications. Papers on subjects out-
side of this scope (i.e., not suitable for embedded applica-
tions) will not be considered.

Authors should follow the EURASIP JES manuscript
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Prospective authors should submit an electronic copy of their
complete manuscript through the EURASIP JES manuscript
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Special Issue on

Formal Methods for GALS Design

Call for Papers

As chips grow in speed and complexity, global control of an
entire chip using a single clock is becoming increasingly chal-
lenging. In the future, multicore and large-scale systems-on-
chip (SoC) designs are therefore likely to be composed of sev-
eral timing domains.

Global Asynchrony and Local Synchrony (GALS) is
emerging as the paradigm of choice for SoC design with
multiple timing domains. In GALS systems, each timing do-
main is locally clocked, and asynchronous communication
schemes are used to glue all of the domains together. Thus,
unlike purely asynchronous design, GALS design is able to
make use of the significant industrial investment in syn-
chronous design tools.

There is an urgent need for the development of sound
models and formal methods for GALS systems. In syn-
chronous designs, formal methods and design automation
have played an enabling role in the continuing quest for chips
with ever greater complexity. Due to the inherent subtleties
of the asynchronous circuit design, formal methods are likely
to be vital to the success of the GALS paradigm.

We invite original articles for a special issue of the journal
to be published in 2006. Articles may cover every aspect re-
lated to formal modeling and formal methods for GALS sys-
tems and/or target any type of embedded applications and/or
architectures combining synchronous and asynchronous no-
tions of timing:

o Formal design and synthesis techniques for GALS sys-
tems

e Design and architectural transformations and equiv-
alences

e Formal verification of GALS systems

e Formal methods for analysis of GALS systems

e Hardware compilation of GALS system

e Latency-insensitive synchronous systems

e Mixed synchronous-asynchronous systems

e Synchronous/asynchronous interaction at different
levels

o Clocking, interconnect, and interface issues in deep-
submicron design

e Modeling of interfaces between multiple timing do-
mains

e System decomposition into GALS systems

e Formal aspects of system-on-chip (SoC) and
network-on-chip (NoC) designs

e Motivating case studies, comparisons, and applica-
tions
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complete manuscript through the EURASIP JES manuscript
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Special Issue on

Embedded Vision System

Call for Papers

Vision systems allow computers to understand images, and
to take appropriate actions, often under hard real-time con-
straints.

Most vision systems need high computer performance.
The decisive constraint to develop pattern recognition or
monitoring systems was therefore to consider computer
hardware with excellent key features to fulfill the high re-
quirements. This causality has several disadvantages. The
costs of the final products are high, the size of the hard-
ware becomes voluminous, the electromagnetic capability is
reduced, and the energy consumption is often a problem.
Therefore, the pressure to realize vision systems on the base
of Embedded Systems was and is still increasing dramati-
cally. Meanwhile, the number of possible applications has ex-
ploded since several disadvantages of classic systems can be
avoided. The history of mobile phones evolution is one of the
best examples. It would not have been possible without Em-
bedded Systems, and especially not in such an affordable way.
However, it is not necessary to consider only the mass mar-
ket where Embedded Vision Systems can improve the cur-
rent situation dramatically. If many cameras are installed to
watch a scene, one is able to define a virtual camera, which
always shows the most important angle of a view. If a bank
note should be checked under the conditions of high accu-
racy, high probability of error recognition, and high through-
put, the realization is only feasible, if the computer is assisted
by a network of special parallelized chips. Usually, the algo-
rithms can be divided into three areas, the prestage, where
data is compressed, the specialized computational phase, and
the interpretation stage. With this setup, the bandwidth and
the data throughput may be improved in an amazing way.

Many other ideas could be presented. The main issues
are the parallelization of processes, as well as the commu-
nications between them, which are based on networked chip
sets. The challenge for the research work is to find optimal
structures concerning real-time problems, energy consump-
tion, low-price solutions, and so forth. However, not all algo-
rithms for vision systems are suitable to be implemented in
Embedded Systems; better solutions have to be discovered. In
this sense many tasks and problems in the research field have
to be solved, and many application areas are concerned.

This special issue focuses on new results of research work
in the field of Embedded Vision Systems. Several main key-
words are:

e Innovative architectures for embedded vision systems

e Innovative sensor systems for embedded vision appli-
cations

e Architectural considerations in complex image-proc-

essing programs in an embedded environment

FPGA designs for image processing applications

DSP and FPGA: alternative and/or complement

Networking for distributed embedded vision systems

Performance bottlenecks/solutions for high-perform-

ance vision systems

e Smart camera systems

e Virtual camera systems

e Object tracking

e Automotive applications
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Traffic flow measurement systems

Robot and machine vision

Bioinspired vision systems

Verification methods for mission-critical embedded
computer vision systems
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Special Issue on

Synchronous Paradigm in Embedded Systems

Call for Papers

Synchronous languages were introduced in the 1980s for
programming reactive systems. Such systems are character-
ized by their continuous reaction to their environment, at
a speed determined by the latter. Reactive systems include
embedded control software and hardware. Synchronous lan-
guages have recently seen a tremendous interest from lead-
ing companies developing automatic control software and
hardware for critical applications. Industrial success stories
have been achieved by Schneider Electric, Airbus, Dassault
Aviation, Snecma, MBDA, Arm, ST Microelectronics, Texas
Instruments, Freescale, Intel .... The key advantage outlined
by these companies resides in the rigorous mathematical se-
mantics provided by the synchronous approach that allows
system designers to develop critical software and hardware
in a faster and safer way.

Indeed, an important feature of synchronous paradigm is
that the tools and environments supporting development of
synchronous programs are based upon a formal mathemat-
ical model defined by the semantics of the languages. The
compilation involves the construction of these formal mod-
els, and their analysis for static properties, their optimization,
the synthesis of executable sequential implementations, and
the automated distribution of programs. It can also build a
model of the dynamical behaviors, in the form of a transition
system, upon which is based the analysis of dynamical prop-
erties, for example, through model-checking-based verifica-
tion, or discrete controller synthesis. Hence, synchronous
programming is at the crossroads of many approaches in
compilation, formal analysis and verification techniques, and
software or hardware implementations generation.

We invite original papers for a special issue of the jour-
nal to be published in the first quarter of 2007. Papers may
be submitted on all aspects of the synchronous paradigm for
embedded systems, including theory and applications. Some
sample topics are:

e Synchronous languages design and compiling

e Novel application and implementation of syn-
chronous languages

e Applications of synchronous design methods to em-
bedded systems (hardware or software)

e Formal modeling, formal verification, controller syn-
thesis, and abstract interpretation with synchronous-
based tools

e Combining synchrony and asynchrony for embed-
ded system design and, in particular, globally asyn-
chronous and locally synchronous systems

e The role of synchronous models of computations in
heterogeneous modeling

e The use of synchronous modeling techniques in
model-driven design environment

e Design of distributed control systems using the syn-
chronous paradigm
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complete manuscripts through the EURASIP JES’s man-
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Mobile Video Platforms

Call for Papers

Video coding systems have been assuming an increasingly
important role in application areas other than the traditional
video broadcast and storage scenarios. Several new applica-
tions have emerged focusing on personal communications
(such as video-conferencing), wireless multimedia, remote
video-surveillance, and emergency systems. As a result, a
number of new video compression standards have emerged
addressing the requirements of these kinds of applications
in terms of image quality and bandwidth. For example, the
ISO/MPEG and ITU standardization bodies have recently
jointly established the new AVC/H.264 video coding stan-
dard.

In such a wide range of applications scenarios, there is the
need to adapt the video processing in general, and in par-
ticular video coding/decoding, to the restrictions imposed
by both the applications themselves and the terminal de-
vices. This problem is even more important for portable
and battery-supplied devices, in which low-power consider-
ations are important limiting constraints. Examples of such
application requirements are currently found in 3G mobile
phones, CMOS cameras and tele-assistance technologies for
elderly/disabled people.

Therefore, the development of new power-efficient en-
coding algorithms and architectures suitable for mobile
and battery-supplied devices is fundamental to enabling
the widespread deployment of multimedia applications on
portable and mobile video platforms. This special issue is fo-
cused on the design and development of embedded systems
for portable and mobile video platforms. Topics of interest
cover all aspects of this type of embedded system, includ-
ing, not only algorithms, architectures, and specific SoC de-
sign methods, but also more technological aspects related to
wireless-channels, power-efficient optimizations and imple-
mentations, such as encoding strategies, data flow optimiza-
tions, special coprocessors, arithmetic units, and electronic
circuits.

Papers suitable for publication in this special issue
must describe high-quality, original, unpublished research.

Prospective authors are invited to submit manuscripts on
topics including but not limited to:

e Power-efficient algorithms and architectures for mo-
tion estimation, discrete transforms (e.g., SA-DCT,
WT), integer transforms, and entropy coding

o Architectural paradigms for portable multimedia sys-
tems

e Low-power techniques and circuits, memory, and
data flow optimizations for video coding

e Adaptive algorithms and generic configurable archi-
tectures for exploiting intrinsic characteristics of im-
age sequences and video devices

e Aspects specifically important for portable and mo-
bile video platforms, such as video transcoding, video
processing in the compressed domain, and error re-
silience (e.g., MDC)

e Ultra-low-power embedded systems for video pro-
cessing and coding

e Heterogeneous architectures, multithreading, MP-
SoC, NoC implementations

e Design space exploration tools, performance evalua-
tion tools, coding efficiency and complexity analysis
tools for video coding in embedded systems
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Prospective authors should submit an electronic copy of their
complete manuscript through the EURASIP JES manuscript
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SMART ANTENNAS—STATE OF THE ART

Edited by: Thomas Kaiser, Andreé Bourdoux, Holger Boche,
Javier Rodriguez Fonollosa, Jargen Bach Andersen, and Wolfgang Utschick

broad expertise of 41 European experts in smart

Smart Antennas . insm
antennas. They provide a comprehensive review and

State of the Art an extensive analysis of the recent progress and new results
generated during the last years in almost all fields of smart

f ; mart Antennas—State of the Art brings together the

Edited by: Thomas Kaiser, André Bourdoux,

Holger Boche, Javier Rodriguez Fonollosa, antennas and MIMO (multiple input multiple output)
Jorgen Bach Andersen, and Wolfgang Utschick

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.

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

The EURASIP Book Series on Sighal Processing and Communications publishes monographs,
edited volumes, and textbooks on Signhal Processing and Communications. For more information
about the series please visit: http://hindawi.com/books/spc/about.html
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Edited by: Andreas Molisch, lan Oppermann, Maria-Gabriella Di Benedetto,
Domenico Porcino, Christian Politano, and Thomas Kaiser

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

Communication Systems

. . The enormous available bandwidth, the wide scope of the
A Comprehensive Overview

data rate/range trade-oft, as well as the potential for very-low-

Edited by: Andreas Molisch, lan Oppermann, cost operation leading to pervasive usage, all present a unique
Mana-pabne!la Di Benedetto, Domenlco Porcino, . .
Christian Politano, and Thomas Kaiser 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.

EURASIP Book Series on Signal Processing and Communications

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.

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

The EURASIP Book Series on Sighal Processing and Communications publishes monographs,
edited volumes, and textbooks on Signhal Processing and Communications. For more information
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