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Abstract

We consider transmission beamforming techniques for frequency-division—-duplex (FDD) wireless
communication systems using adaptive arrays to improve the signal quality of the array transmission
link. We develop a simple effective transmission beamforming technique based on an approximated
frequency translation (AFT) to derive the transmission beamforming weights from the uplink channel
vector. This technique exploits the invariance of the short-time averaged fast fading statistics to small
frequency translations. A simple approximate relationship that relates the transmission channel vector
to the reception channel vector is derived. We have developed its practical alternative in which the
frequency translation of the channel vector is performed at the principal angle of arrival (AOA) of the
uplink synthetic angular spectrum instead of the mean AOA. To analyze the performance of the
proposed methods, we consider the power loss incurred by applying the estimated channel vector
instead of the true downlink channel vector. The performance is analyzed as a function of the mean
AOA, the angular spread, the number of elements, frequency difference between the uplink and the
downlink, and the angle distribution. Their performance is also compared with that of the direct weight
reuse method and the AOA based methods.
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I . Introduction

In mobile communication systems, the smart
antenna system can increase the channel capacity
and/or improve the signal quality by steering an
optimum dircctional beam toward the direction of
a desired user, while steering pattern nulls toward
the directions of other co-channel users. Various
techniques have been proposed to increase the
capacity of mobile communication networks by

reception and
te]- 171

performing spatially selective
transmission with adaptive antenna arrays
However, most research into adaptive arrays has
link
mobile-to-base link assuming antenna array at

the base station) "' 1®1,

focused on the uplink or reverse (Le.,

for the downlink or

forward link, less research effort has been made (1o

1-1161

The objective of adaptive beamforming for
uplink is to maximize the SINR of the received
desired signal at the base station antenna array.
This goal can be achieved by using training
estimation or blind
B1- 191 117] pot the

downlink, the objective is both to maximize the

symbol assisted channel

channel estimation techniques

received signal strength at the desired mobile and
to minimize the interference to other co-channel
users, thus maximizing the downlink SINR. Unlike
the uplink channel, however, there is no way to
monitor directly some measure of a signal quality
if feedback
techniques and/or probing techniques are not

received at the desired mobile
adopted. If the downlink channel vector was
known, the downlink SINR could be maximized by
with a set of
the

problem in the downlink beamforming is how

multiplying the desired signal
optimum downlink weights. Therefore,
closely we can get an estimate of the downlink
channel vector.

In time~division duplex(TDD) systems such as
CT2/CT2+, DECT, and PHP, the downlink
weights estimated during the reception can be
re-used for the uplink weights, provided that the

static during the time
131,

channel is relatively

separation between reception and transmission

7|A= qrelvt widE o]§3F FDD WhAe] FA184l A

(460)

Jzgell A $A1 9 48 H

Fos g

o1 In this case, the downlink weights are a
scaled version of the uplink weights. However, in
FDD systems such as IS-54, IS-95, and GSM, the
concept of weight reuse can not be applied, since
the frequency separation between the downlink
and the uplink makes the downlink channel fading
become uncorrelated with the uplink channel
fading. Therefore, techniques which can calculate
the downlink weights without relying on the
weight reuse must be developed to improve the
downlink performance of FDD systems using
In the FDD systems,

information on the downlink channel is not usually

antenna arrays. since
available to the base station, we are forced to use
the uplink channel information to compute the
downlink beamforming weights.

In recent years, several efforts have been
attempted to estimate the downlink channel vector.
One approach is the direct channel sounding
technique in which the downlink channel vector is
and/or

using direct sounding

‘],

measured by
feedback techniques“o . But. these require a
complete redesign of protocols and signaling
and/or additional hardware at both the mobile
terminal and the base station. Several AOA-based
ST Their

premise is that although the channel vectors are

approaches have been proposed[m

different at uplink and downlink frequencies, the
AOAs remain relatively unchanged. Based on the
AOCA
generated by maximizing the downlink SINR. But

information, the downlink weights are
these techniques can not reproduce faithfully the

angular information of the uplink channel,

especially in case of the distributed AOAs within
certain  angular and  require

a range,

computationally demanding AOA estimation
processes. A similar approach is to use fixed or
steerable multiple beams for both reception and

“5], in which the

transmission at the base station
strongest beam in uplink is selected and it will be
used for downlink beamforming. But this approach
is not optimal. In “6], Raleigh et al. have proposed
subspace mapping method that exploits the
invariance channel properties between the uplink

and downlink channels under two fundamental
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observations: 1) Short-time averaged fast fading

statistics are invariant to small frequency
translations and 2) With properly chosen array
geometry and a confined path angle spread,
averaged array response vectors are also largely
invariant to small frequency translations. Under
the above observations, the scaled principal
eigenvector of the receive covariance matrix is
used as the transmit weight vector. However, this
direct reuse of the scaled principal eigenvector of
the uplink covariance matrix brings on still large
power degradations.

In this paper,

transmission beamforming method based on an

we develop an effective

approximated frequency translation to derive the
transmission beamforming weights from the
uplink channel vector. This technique exploits the
invariance of the short-time averaged fast fading
statistics to small frequency translations. A simple
approximate relationship that relates the trans-
mission channel vector to the reception channel
derived, the downlink

heamforming weights are obtained by phase-

vector is in  which
rotating elements of the uplink channel. vector at
the mean AQOA. But this techniques does not
require knowledge on the specific AOAs. For its
practical implementation, we develop a practical
version in which the mean AOA estimate is
replaced by the principal AOA corresponding to a
peak of the uplink synthetic angular spectrum. To
analyze the performance of the proposed methods,
we consider the power loss incurred by applying
the estimated channel vector instead of the true
downlink channel vector. The performance is
analyzed as a function of the mean AQOA, the
angular spread, the number of elements, frequency
difference between the uplink and the downlink,
and the angle distribution. Their performance also
is compared with that of the direct weight reuse
method and the AOA based methods.

This paper is organized as follows. Section II
describes the vector channel models for uplink and
downlink and describes the problem. A basic
frequency translation algorithm for transmission

beamforming and its practical alternative are

Er
e
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presented in Section III. Section IV shows the
performance of these methods. Finally, we make
conclusions in Section V.

II. Vector Channel Models and Problem
Description

1. Uplink Vector Channel

Consider a vector channel model from the
mobile transmitter with a single antenna to an
antenna array at the base station. For simplicity,
we consider only azimuth angles, but the results
can be extended to consider the three-dimensional
problem. An illustration of the vector channel is
shown in Fig. 1. Radiation from the mobile
illuminates all local scatterers, or local reflectors,
surrounding the mobile within a few hundred
wavelengths from the mobile. Reflected radiation
from these local reflectors and/or the mobile
reaches the base station either directly or by
reflection from large reflecting objects (ie,
dominant reflectors) such as large buildings, hills,
and mountains. Each reflected wave impinges on
the antenna array at the base station with a certain

AOQOA with respect to the base coordinate system.

Buiiding 1

Local Scattering Structure

Base Station Antenns Asays

Rado Tower

a1, 7IAS gk eld g vkl Ay
Al 7oA we) Ade] o,

Fig. 1. Hlustration of a typical mobile vector
channel with basestation antenna array.

olE%

The received complex baseband signal vector
at the base station antenna array is given by

x(D= 2 a,(6,(0.0)8(L w)s(t—2)+ n(d, (D
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where a,(0,(#),w,) denotes the base station array
response vector corresponding to the AOA of the
{~-th path signal, {8 and the uplink frequency
w,; B,(t w,) denotes a Gaussian random process
which represents fading behavior of the uplink
channel; s(t) is the transmitted complex baseband
signal from the mobile; 7, is the relative time delay
corresponding to the [-th path; and n(#) is an
additive Gaussian noise vector at the base station
receiver.

The above model assumes that all the
significant incoming signals arrive at the base
station antenna array with L distinct angles of
arrival. In this paper, instead of the distinct angle
model, we consider a distributed angle model in
which the received signals at the base station
antenna are composed of a large number of
indistinguishable paths within a given range of
angles, T 4dof the mean AOA, 6, The value of
24 is called as the angular spread around &,.
Assuming a narrowband signal, we can express as

min max
nel , T ]

where ;

s(t—r)=s(t—1y),

Also, the short-time stationarity, that is, the
channel is stationary for the time separation
between signal reception and transmitting back,
lets us be possible to delete the time dependency of
the channel parameters such as fading components
and AOAs of the incoming paths, from the vector
channel model.

From the distributed angle model and the
short-time stationarity, the distinct time-varying
fading behaviors at the distinct angles are replaced
by a distributed time-invariant angle distribution
p(6) within * 4 of the mean AOA §,. Then, the
baseband received signal vector in (1) can he

rewritten as
b o
x(D = s(t=z)- [ 2(0) a,(8,0)d0+ n(D).(2)

From (2), we define the uplink channel vector wy
(w: )as

[2%3

4
MO a, (8, w,)db. (3)

h—d

x,(0,) = fg

Joeefoll &) Al W) HAS 91 Sk HE b
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In what follows, for notational convenience, we
delete the frequency dependency at the uplink
channel vector and the array response vector, thus
a,(6,w,) as w, and

expressing  x,{(w,) and

a,(d), respectively.

2. Downlink Vector Channel

Downlink vector channel can be modeled in a
similar way as in the above uplink channel with
the exception of the transmission from the base
station antenna array with M elements to the
single mobile antenna. We again assume the
the distributed
model and the narrowband signal. Instead of the

short-time stationarity, angle

invariance of the short-time averaged array

. . 161
response vectors or covariance matnces' ’ , we

2T batween the

assume the AOA reciprocity "
uplink and the downlink with a small frequency
translation. From this, for a time interval between
signal reception and transmitting back, we assume
that the uplink and the downlink have an identical
angle distribution. Under these assumptions, only
difference between the uplink and the downlink 1s
the carrier frequency. Hence, the downlink channel

vector x,{w,;) is defined as

o+ 4
xi(w) = [ 56) a6, w)ab. (4)

where a,(f,w,) is the downlink array response
vector of the base station array corresponding to
the radiating angle 8 at the downlink frequency w
i and nm(t) denotes an additive Gaussian noise at
the mobile receiver. In what follows, for notational
again w,(w,) and

convenience, we express

a,(4,w) as wi and a,(d), respectively.

3. Downlink Beamforming

In the FDD downlink adaptive array problem,
the objective 1s to determine the optimum
which
maximize the radiation toward the desired mobile

transmission  beamforming weights
while. minimizing the radiation toward other
co—channel mobiles. To perform the optimum

downlink beamforming, all the downlink channel
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vectors from the base to all the mobiles must be
known. In practice, it is not possible to measure an
individual downlink channel vector without any
additional hardware, protocol change, interruption
of the operation and/or performance loss. From the
AOA reciprocity, an individual channel vector can
be estimated from its corresponding uplink channel
vector which can be obtained by using training

estimation or blind
[R1-1a). 017}

symbol assisted channel
channel estimation techniques

If all the downlink channel vectors are known,
the

beamforming weights. Then the data signal is

we can determine optimum  downlink
weighted with the optimum weights so that the

received signal at the mobile is expressed as

WO=s(t—1) W'hp w,tn, (D, (5)

where Wi, 1s the optimum downlink beamforming
weight vector. In a single user case, the optimum
welght Wi 1S given simply by

(6)

Wteopr = Wit

In this paper, since we are interested in only
how to determine the downlink channel vector
from the uplink channel vector, the remaining part
of this paper is devoted to one to-one mapping
problem between the uplink channel vector and the

downlink channel vector.

. Frequency Transiation Algorithms

1. Mean AOA-Based Approximated Frequency
Translation (AIFT) Method
We

translation method that can provide a simple and

develop an approximated {requency
accurate estimate of the downlink channel vector
from the corresponding uplink channel vector by
exploiting the AOA reciprocity between the uplink
M

isotropic elements with arbitrary geometry. We

and downlink channels. Consider an array of

begin by defining the downlink array response
vector corresponding to the radiation angle 6, a;
(8) as

. i
en e ina+p2n nz G
A, . Ae

L e (7)

T
a,(8)= [ le *‘“‘”*‘”“’”]
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where dim 1s the distance between element 1 and
¢ (m)
angle between the

element m; denotes the anti-clockwise

rotational reference axis
crossing element 1 and the line joining element 1
and element m; and 4, is the wavelength of the
transmit carrier.

From (4) and (7), we would examine the m-th
element of the downlink channel vector

Oyt J )
wim) = [, p(6)al6, mao. (8.a)
o h=d Rt ;;f sin (64 ¢ m)
=] H@e (8b)
.~
th s, o sin(0+8md) Ralfi=4) £ sint0+=p0m)
= [ e e e do.(8.c)

St -

where ¢ denotes the speed of light. Since (ft - fr)
/ fr €1 with small frequency translations, the
effect of the angular spread in the second exponent
of (8.¢) is reduced by (ft - fr) / fr as compared to
that of the first exponent. In a tvpical system with
fr =824 to 849 MHz and f, - f- = 45 MHz, the factor
becomes about 1/20. Neglecting the effect of the

angular spread due to the second exponent of (8.¢),

we can make the approximation

G h) 5 Gin (84 g > (/=725 sin (6, +p(m),

By~ A< 6< 6+ 4

(9)
Using (9), w{m) can be approximated to
dyn
2l £ gin (8, + ¢ m))
wim) e g !
+d 2t 7 sin (64 9my
S, e . (10)

Ralf,—/) dj’" sin (6 + ¢{m))

=¢ < w,(m).

Therefore, the downlink channel vector can be
approximated as

(1D

w,=™w,—w, ) w,,

where the rotational operator @®(w,—w,, ;) is a

function of 6, and the frequency difference

between the two channels, and is defined as

4.
REF £ Sin (8
Hw,—~w,, 6)= diag(l,e <
(12)

sy sin(dn+¢(M)))
e
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2. Principal AOA-Based AFT Method
Now, we consider the practical implementation
issue. The proposed frequency translation method
given in (11) and (12) requires the information

about the mean AQA, §, to construct the

rotational operator matrix. In practice, it is not so
easy to estimate the mean AQA. Hence, instead of
the mean AQOA, we consider the use of the
AOA which the
corresponding to the peak of the synthetic angular

principal represents angle
power spectrum of the uplink channel. The term
“synthetic” is used because the angular spectrum
must be computed from the uplink channel vector,
and it is different from p(6).

the

spectrum of the uplink channel defined as

Consider discrete synthetic angular

Zim
Jjer—= sin(

M
X,(k):mglw,(m)e .

e+ gm)

k=-K, -, K, integer. (13)
Then, the principal AOA index is obtained as

k= T {1 X0 119) (14)

and its principal AOA estimate is computed as

9[]:71" Epgak/K. (15)

For this method, the required spectral resolution K
is not too large. From the results, K=M is enough
to give satisfactory performance.
The proposed AFT methods
disadvantage that it can not make any rotation of
the —¢(m),
m=1,-,M. The effect is more serious in the
$(m) =0,
m=1,--M, thus resulting in no rotation in all the

have a

uplink channel vector near #,=

uniform linear array in which all

elements. It degrades the performance of these
methods near #,=0 in the case where the true
uplink channel vector disagrees with the downlink

channel vector near #,=0 to a great extent.

IV. Results

To demonstrate the accuracy of the estimated

FHEA Azgold 44
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downlink channel vector obtained by the proposed
methods, we consider the power loss at the mobile
incurred by applying the estimated channel vector
instead of the true one in the case of a single user

FDD system. The power loss (L) is defined as

L=-20log SR A A
AR AR A

, (dB). (16)
We consider a uniform linear array (ULA). We
examine the effects on the mean AOA, the angular
the
frequency difference between the downlink and the

spread, the number of array elements,
uplink, and the angle distribution. The sensitivity
to estimation error of the mean AQOA is also
investigated. The operating frequency ranges
within 824 to 849 MHz for uplink (mobile-to-base
station) and 869 to 894 MHz for downlink (base to
mobile) with 45 MHz separation between the
uplink channels and the corresponding downlink
channels are considered.

In all the examinations except the effect on the
frequency difference, we use the operating
frequencies such as fmax = 894 MHz, f, = 894MHz
and f; 849 MHz.
wavelength antenna

Also, we assume half-
the highest
operating frequency. We compare the performance

spacing at

of the proposed methods with that of the direct
welght reuse method and the AOA based method.
We first examine the effect on the mean AOA
and the angular spread. For this, we consider the
uniform angle distribution over -4 to 4 around
the mean AOA as follow:
_1
24,
0,

Oy~ A=0<0,+4.

wHo= amn

elsewhere

We consider the angular spread range over 24= (0°
to 60° typical for systems where the antenna array
is located at the base station (including rural and
urban areas) and M=10. Figs. 2, 3 4 and 5 show
the power loss profiles as a function of the mean
AOA and the angular spread for the four different
methods, the mean AOA-based AFT method, its
peak AOA-based alternative, direct weight reuse
method, and AOA-based method, respectively.
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From these figures, we see that the performance of
all the considered methods is severely dependent
on both the mean AOA and the angular spread.
We also see that the two proposed methods
perform significantly better than the other two
methods do. From Figs. 2 and 3, we sce that the
peak AOA-based AFT method performs as well
as its mean AOA version does. We also see that
0o
and the angular spread

the proposed methods work better
90°

decreases. These tendencies are obvious since sin

as
approaches to

¢ is less sensitive to variation of & near =290
and also the approximation in (9) is based on a
smaller angular spread. But, the performance
degradation of the two proposed methods within
60" uniform angular spread range is still negligible
in most applications. In contrast, the performance
for the direct weight reuse method becomes worse
as 6o approaches to 90" since there exists the
largest phase difference between the downlink
array response vector and the uplink one at 6==*
90", From Figs. 2 and 4, it must be noted that the
00=0" is
identical as mentioned earlier. Finally, Fig. 5

performance of the two methods at

shows that the performance of the single
AQOA-based method using the mean AOA is
significantly degraded as the angular spread

becomes larger, especially near 90=0".

o0&

20
Mean AOA (deg.)

0o Angular spraad (deg )

9

Abg At HAE o483k AFTH S
dabzh Bk el 7 kel wmE Ay E4
EA. M=103 f, - f = 45 MHz9) ¥ @5
o] ALg-.

Power loss profile as a function of the
mean AOA and the angular spread for the
proposed mean AOA-based AFT method,

with M=10 and f; - f; = 45 MHz.

a8 2.

Fig. 2.
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20
Mean ADA (deg.)
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Fig. 3. Power loss profile as a function of the
mean AOA and the angular spread for the
proposed peak AOA-bhased AFT method,

in the same environments as in Fig. 2.

Max. = 09156
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20

Mean AQA (deg.)

0 oa Angular spread (deg.)

a8 4. A4 FEA AR wEe) A B el
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Fig. 4. Power loss profile as a function of the
mean AOA and the angular spread for
the direct weight reuse method, in the
same environments as in Fig. 2.
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e
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Fig. 5. Power loss profile as a function of the
mean AOA and the angular spread for the
single AOA method, in the same
environments as in Fig. 2.
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the direct weight reuse method. The
values of 60=90° and f; - f, = 45 MHz are
used. (Solid : 24=0" Dotted : 24=60")
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parameter for the direct weight reuse
method. The values of M=10 and 60=90"
are used.
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To see the effect of the number of elements, we
consider two different angular spread values, 24
=0° and 2 4=60°, and the uniform angle distribution
as in (17). Figs. 6 and 7 show the power loss
performance of the proposed methods and the
direct weight reuse method, respectively, as a
function of 8¢ with M and 4 as parameters. In
all the considered methods,
performance becomes degraded as M increases.

as expected, the

From Fig. 6, the proposed methods show excellent
performance over various values of M.

The effect of the frequency difference on the
power loss performance is shown in Figs. 8 and 9
for the proposed methods and the direct weight
reuse method, respectively. For this, we consider
again the uniform angle distribution and M=10.
From these figures, we see the expected result that
the performance is severely degraded as the
But,
shown in Fig. 8, the power loss of the two

frequency difference becomes larger. as

proposed methods is still less than 0.1 dB, even
with 60 MHz frequency difference.

T —r—

Dot |
DEp 248 =00 ﬁ
07 5 ]

ol 24 =10°

Zys ﬁ

g

204t

3 ]
03t 1

2a=30°

a2t .
o1 — 2. =60°

o

B & 40 H 0 2o 0
Estimatad AOA (deg.)
a2 10, A R AFT whe] 7+ ghatke sje}
e 2 & A A b wE
M=102} 60=90°, f; - f. = 45 MHz9] ¥4
el AMSH.

Sensitivity to the mean AOQA error with
the angular spread as a parameter for the
mean AOA-based AFT method. The
values of M=10, 6¢=90° and f; - f

MHz are used.

Fig. 10.

Fig. 10 shows the sensitivity of the mean
AOA-based AFT method to the mean AQOA
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estimation error at #¢=0°. The sensitivity does not
the
degradation as a function of angular spread in the

determine only degree of performance
distinct angle model with only a few paths, but
also the degree of performance degradation of the
peak AOA-based method.

Finally, we consider the distinct angle model to
examine the effect of the proposed methods on the
angle distribution as follows. The distinct angle
model consists of a sum of three equally spaced
distinct paths with different magnitude, in which
each path has a uniform angle distribution within
+ 4 of its center angle, and is defined as

-Z%JIT Gy—A4<0<6,+ 4,

‘2%12_ O+, —4<0<6,+8,+4,
HO=c- ’ 18

235, 0y—0,—4<0<6,—8,+ 4,

0, elsewhere,

where 6o is the mean AOA and also is the center
angle of central path; s denotes an angle
separation from 6o in both directions; ¢ is a
normalization constant; a1, @2, and a3 are the
path amplitudes of the central path, the right path,
and the left path, respectively. In this analysis, we
use three different amplitudes as @1=1.0, a2=0.866
and @3=0.5, and consider two different angle
spread values, 24=5" and 10°. The remaining
parameters used are given as follows: M=10, f; -
fr = 45 MHz. We have analyzed the performance of
five different methods as follows: The mean
AOA-based AFT method, its peak AQA-based
alternative, the direct weight reuse method, the
matched amplitude AOA-based method, and the
equal amplitude AOA-based method. The last two
methods assume the exact knowledge on the
center AOAs of each path, and for the matched
AOA-based method, the
of is
synthesize the transmission beamforming weights,

amplitude exact

amplitudes individual paths used to

while the equal amplitude method uses the equal
amplitudes for all the three paths.
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Power loss profile as a function of the
mean AOA and the angle separation of
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M=10, 24=5°, and f; f = 45 MHz are
used.
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Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the peak
AQA-based AFT method, in the same
environments as in Fig. 11.

Fig. 12.

Figs. 11 through 15 and Figs. 16 through 20
show the power loss profiles of the above five
different methods as a function of ¢ and the total
with 24=5" and 10°
respectively. From Figs. 11 through 13, the power

angle separation 20,
losses of the proposed methods over all the
considered cases is less than 0.5 dB even with 8.

=30°, while the loss of the direct weight reuse

Al 2glellx] 41
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Fig. 13. Power loss profile as a function of the

mean AQA and the angle separation of

the distinct path signals for the direct

weight reuse method, in the same

environments as in Fig. 11.
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Fig. 14. Power loss profile as a function of the
mean AQOA and the angle separation of
the distinct path signals for the matched
amplitude AOA-based method, in the
same environments as in Fig. 11.

method is getting close to 1.5 dB. The 0.5 dB loss
for the proposed methods with M=10 may still be
acceptable the
AOA-based methods, as expected, the matched
amplitude method performs better than the equal

in  most applications. For

magnitude method in small angle spread case.
12, 14, and 15, the AOA-based
methods performs better than the two proposed

From Figs. 11,
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methods do. But, the proposed AFT methods seem
slightly better than the equal amplitude
AOA-based method. The performance of the
AOA-based methods would be degraded further if
the AOA estimates and the amplitude estimates
instead of the true values are used.

In the case of 24=10° the power losses of the
proposed methods are reduced to below 0.3 dB. In

04
Max. =0 2891
ﬁ\ljfj‘
Zuz.
Em
o
0 )
Mean AQA (deg.) 0 g Angular separation (deg.)
a2 15, 54 A slabzt wbde] delxl AR Az
Sof o A ATAL 7 e o
A 24 B4 we @ES 249
7} o
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Fig. 16. Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the equal
amplitude AQOA-based method, in the
same environments as in Fig. 11.
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Fig. 16. Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the mean
AOA-based AFT method, in the same
environments as in Fig. 11 except for 24
=10°.
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contrast, the power losses of the AOA-based
methods are close to 1.0 dB,
amplitude matching, thereby producing severe

irrespective of

degradation as the angle spread becomes larger.
But, the performance of the direct weight reuse
method is not sensitive to the angle spread

variation.
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Fig. 17. Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the peak
AQOA-based AFT method, in the same
environments as in Fig. 16.
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Fig. 18. Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the direct
weight reuse method, in the same
environments as in Fig. 16.
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Fig. 19. Power loss profile as a function of the
mean AQOA and the angle separation of
the distinct path signals for the matched

amplitude AQOA-based method, in the

same environments as in [ig. 16.
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Fig. 20. Power loss profile as a function of the
mean AOA and the angle separation of
the distinct path signals for the equal
amplitude AOA-based method, the
same environments as in Fig. 16.

n

From the results, we¢ can conclude that the
proposed methods are the most effective methods
for the distributed AOA propagation channels. For
the distinct AOA propagation channels with a few
paths in which each path has a small angle spread
and is separated from the other paths, the proposed
Their

performance becomes improved as the number of

methods give still satisfactory results.

paths increase and/or the angle spread of cach

7)Aokl & 0188 FDD whAle] F-41541 Ajadlold £4l
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path becomes larger. Therefore, the proposed

methods can be used as general approach in
mobile communication svstems with basestation

antenna array for small frequency translations.

V. Conclusions

We have dealt with transmission beamforming
problem for FDD wireless communication systems
using adaptive arrays to improve the signal quality
of the array transmission link. We developed the
simple effective transmission beamforming method
based on the approximated frequency translation
to derive the transmission beamforming weights
from the uplink channel vector. We derived the
simple approximate relationship that relates the
transmission channel vector to the reception
channel vector. For implementation purpose, we
developed the practical alternative in which the
frequency translation of the channel vector is
performed at the peak AQA of the uplink synthetic
angular spectrum instead of the mean AOA. These
techniques do not require the information on
specific AOAs. As a proper performance measure,
we considered the power loss incurred by applying
the estimated channel vector instead of the true
downlink channel vector.

The performance has been examined as a
function of the mean AOA, the angular spread, the
number of elements, frequency difference between
the and the
distribution. Their performance also has been

uplink and the downlink, angle
compared with that of the direct weight reuse
method and the AOA-based methods. From the
results, we conclude that the proposed methods are
the most effective methods for the distributed
AOA propagation channels. For the distinct AOA
propagation channels with a few paths in which
each path has a small angle spread and 1s largely
the proposed
Their

performance becomes improved as the number of

separated {rom the other paths,

methods give still satisfactory results.

paths increase and/or the angle spread of each

path becomes larger. Therefore the proposed
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methods can be used as general approaches in

mobile communication systems with base station

antenna arrays for small frequency translations.

Future investigations will include the analysis

of the power loss performance in the case of the

uniform circular array and the effect on the array

calibration error, and the application to time-

varying propagation channels to analyze the BER

performance and the SNR degradation perfor-

mance.

[3]

(5]
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