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ABSTRACT

In this paper. the problem of space only downlink pro-
cessing for FDD ( Frequency Division Duplex ) radio-
communication systems is considered. It is shown that
using criterions based on average C/I, one can avoid
DOA estimation and deduce these criterions at downlink
frequency from their equivalent at uplink frequency, un-
der somc assumptions about array topology. Moreover,
here, we introduce a more generic approach than the
former one. denoted as pattern synthesis.

1 INTRODUCTION

Exploiting spatial diversity with an antenna array at the
base station secms to be a good way to enhance the ca-
pacity of current mobile communication systems. This
can be achieved with SDMA ( Space Diversity Multi-
ple Access ) schemes or, in a more simple manner, by
reducing CCI ( Co Channel Interference ) and the size
of cellular patterns. However, concerning space only
downlink processing. a set of weights has to be choosen
and applied to the concerned user, optimizing a crite-
rion that involves the channels linking the base station
to the desired and undesired sources.

Moreover, for FDD svstems, these channels can differ
significantly between up and downlink, making it dif-
ficult to exploit the available knowledge of the uplink
channel for downlink beamforming. Only one basic as-
sumption seems valid : the geometry of up and downlink
channels are the same in terms of paths, DOAs ( Direc-
tions of Arrival }. and average powers.

To take advantage of this assumption, it was first sug-
gested to detect and estimate the powers and DOAs of
the paths. but this approach encounters some limita-
tions. First. this lias to be done in presence of jammers,
localizing only one desired user [1]. Second, it has to be
adapted if angular spreading or distributed sources are
present [2] [3]. Third. it can lead to computationally ex-
haustive solutions. A new approach appeared with crite-
rions based on mean powers (ie second order statistics)
of the propagation channels, first optimized with the
help of feedback [4]. In arecent paper [5] we showed that
under certain assumptions and with given arrray topolo-
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gies, frequency transposition was able to deduce these
second order statistics at downlink frequency from their
equivalent at uplink frequency. We shall here show that
this transposition is a peculiar case of a more generic
approach, which can be denoted as pattern synthesis.

2 SECOND ORDER STATISTICS OF THE
PROPAGATION CHANNEL

2.1 Channel Modelisation

Consider a given user indexed by k. Its multidimen-
sional uplink channel impulse response can be stored in
an array H; of dimension M x N, where M denotes
the number of sensors and N the maximum delay of
multipath propagation for all users.

Let ©(t) be the vector of the DOAs of the P, paths
that link the base station to that user, which can be
time-varying, and D(©(t). f) the (M x P;) steering
matrix corresponding to those DOAs at frequency f.
The double varying nature of the channel can then be
explicited by the mode] :

Hy(f,t) = D(OL(t), f)Bi(f, 1) (1)

where the P, x N matrix By (f,¢) summarizes all the

phase shifts and attenuations encountered by the signal

along the propagation paths. as well as an additional

attenuation due to ISI introduced by the modulation

into the channel. These coefficients appear to be highly
dependent on time and frequency.

2.2 Temporal and Frequential Evolution of the
Channel

Let us assume that the DOAs @y remain the same over
the processing interval, a hundred of bursts for the GSM
system, assumption grounded by experimental results
[6]. Of course this assumption cannot be valid for the
matrix By (f.t), as soon as the time considered exceeds
one burst length, thus changing the fading state. But
one can suppose that :

b d Bk(fvt)

e the phase of the elements of By (f,¢) are uniformly
distributed over [0, 27].

1s constant over one burst.



¢ the different paths fade independently, and the av-
erage power of the paths is the same at both fre-
quencies.

This results in :

E[B:(f, 1)B;(f.1)] = Ry (2)

2.3 Average Power Expression

The average power transmitted on the downlink to the
desired user k when applyving a set of weights wy can
be written, supposing transmitted svmbols are uncorre-
lated and with unitary power :

Pl.fi—»k
= E[WZHMf,/. OH (fa, t)wy]
= wiD(Or. f)EBL(fa,1)B} (f4, ) D* (O, fa)wy
w.D(®y. )R D™ (Oy. fu)wy
= w;liw, (3)

where I'f = D(©,. /)R, D" (0, f,).

In the same time. the average transmitted interfering
power to users ; # & can be written :

* ! * !
Ply=3 wiliwi=wi [>T |we (4)
#h #k

One can suggest to optimize the ratio hetween these
two quantities. for each user, and thus to decide sepa-
rately the sets of weights to apply by choosing :

opt N maz wilw,
w," = arg Rl S (5)

S alts
Wi wiIjw,

where T'fy, = 3~ | T/ denotes the covariance matrix
of jammers related to user k on the downlink. However,
it is still necessary to have a good estimate of I‘;f and
Tf,. As was suggested in [4], the use of feedback may
solve the problem. In [5], we introduced another way

avoiding feedback : frequency transposition.
3 FREQUENCY TRANSPOSITION (5]

The first goal of frequency transposition was to deduce
downlink channel second order statistics T f and I‘,‘fb
from its available corresponding values at uplink I} and
I‘\u

bb- .

It can be stated as follows : given two array man-
ifolds A, and A, corresponding to f, and fa, which
dimensions are 1/ x P (supposing the array manifold
is sampled every 250 degrees), suppose the existence of
an M x M mathematical operator T,,_,, verifying ((.)*
denotes transconjugate) :

TisiAu = Ay (6)

That is, T, 4 turns any steering vector at f, into its
equivalent at fg;.

Considering equations (3) and (4), one can then see
that we have :

T‘:;,—)([I‘ZfTu—}d
T5waD(Oy, fu)RiD* (O, fu)Tussa
= D(Oy, fa)RyD*(Oy, f4) = I'¢ (7)
and Ty _, , T} Tyg =T,

The existence of an operator T7 _,, with good pérfor-
mance in a Least Squares (LS) sense was stated for a
circular array with M = 10 equispaced sensors as soon
as its radius R verifies R/min(\,, \y) < 0.7. Although,
for f, = 900 MHz and fa =945 MHz, A, and A, seem
to be close, frequency transposition vields better results
than approximating Ay with A, [7] in terms of C/I.

4 PATTERN SYNTHESIS

4.1 Problem Statement

Let us consider another approach. Suppose first f, =
fa, ie there is no FDD, and we still want to do a space
only downlink processing based on average C/I. The di-
rect availability of an estimate of T'} and I}, injected
in a criterion such as the one expressed in (5), would
lead to a certain weight vector wj. Once applyied , this
set of weights would give a certain pattern, that can be
written :

u* * u
Pu(a) - W}‘: d(eﬂfu)d (95 fu)wk’ vg (8)
M

Now, considering f, # f,, this function P,(6) that
was optimized at f, can be considered as an objective
function to achieve at frequency fd. That means, we
want to find a set of weights w{ minimizing the differ-

ence e(f) between the two patterns :

e(6) = wfﬁrd(a,fd)d*(a,fd)w;f v ()

M

4.2 Problem Solution
4.2.1 Lincar Solution
Minimizing the error induced in equation (9) in a LS
sense leads to a quadratic form with no trivial solution,
which can be expressed :

2

) oo

Using an iterative Gauss-Newton procedure and sep-
arating w = [w;...wy)" into its real and imaginary
parts by writing :

- Pu(e)v

lwd(6, fa)|*

- P, (6
M ®)

wd—ar min Z
k= arg W

[4

w = [Rwi)... R(war) S(wy) ... S(war)]”



where wo have constrained $(w;) = 0 because w is de-
fined up 1o a phasis factor, the iterative procedure be-
tween step [ and 7+ 1 can be written :

w* = w4 paw (11)

where Aw is the solution in a Least Squares sense of :

P,,(Hl) - )W(I)’d(gl»f(l)lz/ikj
F(”Ag = : (12)
Pu(6p) = (W d(bp, f4)2 /M

where FU is piven by :
F =2 [R(G0)  ~ 3(G")] (13)
with G given by :

(w"d(8,))d* (6,)
G = (14)
(W d(6p))d* (6p)

In equation (13). the first column of the block matrix
$(G) is removed. which means that F has dimension
P x (2)M —~1). The step u is adapted in an iterative
manner such that w'*!) yields better performance than
wil),

4.2.2  Logarithmac Solution

In order to get deeper nulls in the beam, which are of
drastic importance for jammers rejection. one can think
of optimizing the logarithmic constraint given by :

2)

. * 2
d=arg [ """ S 110 % log1 [wrd(®, fa)*
wy, (1/‘(/< w ” , * log10 N Do)
(15)

This can be optimized in the same way as the linear
constrained except that equations (12) and (14) have to
be rewrirten :

' P, (61)M
| 10 % log10 (m)

P, (8p)M
10 * log10 (m)

(w7 d(8,))d* (8,)
, wO¥d(d,, 1)
G = . (17)
(W d(8p))d" (0p)
fwil*d(6p,f4)]?

4.2.8  hutialisation
It seems that the use of wi! as initial estimate is a good
choice.

4.3 Suboptimal Solution

Considering cquation (9), one can see that if we define
a complex function p,(8) as follows :

pa(8) = wi d(8. f.), Vo (18)

we have |p,(6)]* = MP,(f). Then we could try to
find a vector w{ minimizing the difference :

€(8) = wi d(8, fa) - pu(6), Ve  (19)

It is indeed obvious that (19) can be optimized in a
much more simple manner than (9), but that the solu-
tion suffers more constraints than the former one, be-
cause it has constraints both in magnitude and phase.
Thus we call it a suboptimal solution. _

Moreover. considering frequency transposition, if we

choose wi = T! wi, we get :

Wi d(6, fo) = wi T2, d(6. f0) = Wi d(6, £.) = pu(d)

(20)

This shows clearly that frequency transposition can

also be considered as a suboptimal way to do pattern
synthesis.

5 Results and Conclusion

All simulations are conducted with four mobiles prop-
agating through typical BU ( Bad Urban ) channels,
each of them heing constituted of one main and one sec-
ondary path distant of 45° ( see table 1 ). Each path
has an angular spreading of 5° and is subject to rayleigh
fading. The four mobiles impinge on the array with
equal average power and the criterion (5) is optimized
for each user with theoretical values of I'} and T}, un-
der the power constraint wi Tiw} = 1. Simulations
are going to be done first using an antenna array allow-
ing frequency transposition. then we are going to prove
that the pattern synthesis approach permits to override
induced limitations of frequency transposition on array
geometry.

5.1 Constrained Array

The constrained array is made of M = 10 sensors eq-
uispaced in a circular manuer, with radius R verifying
R/min()\,, A\;) = 0.7. Let us consider the case fu =900
MHz and f; = 945 MHz. that corresponds to GSM. Fig-
ure 1 shows the pattern to achieve P, (6) for mobile 1 and
the ones obtained with and without frequency transpo-
sition . The patterns obtained with patterns synthesis
are not plotted there. Table 1 compares respectively,
for each mobile, the theoretical (T) achievable C /I (dB)
at f,, the ones obtained at f, without frequency trans-
position (U). with frequency transposition (FT), with
linear pattern synthesis (PS) and with logarithmic pat-
tern synthesis (LPR).
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Figure 1: Patterns for mobile 1 at fuand fq, R/IX=0.7

| mobile | 1 | 2 | 3 [ 4 ]
DOAs 50 — 95 | 150 — 195 | 250295 | 3205
C/IT | 30 3 5 30
C/IT i3 17 16 13
C/IFT | 29 31 2% 59
C/IPS | 2 55 24 54
C/ILPS |29 31 2 30

Table 1: C/I with different approaches. R/A=0.7

5.2 Extended Array

Let us now increase the antenna radius R ( and thus en-
hance its directivity ) such that R/min(\,,, Ad¢) =1, and
do the same simulations in that case. Figure 2 shows the
pattern to achieve and the patterns obtained with the
FT and LPS approaches. The pattern obtained using
uplink weights for downlink processing are not plotted
here. However. as shown in table 2. this technique does
not yield good results. such as the FT approach which
validity domain has been overriden. But one can see
that the LPS approach, that has better respect to the
nulls of the pattern, vields the best results. The PS
approach seems not adapted to jammer rejection.

| mobile [ 1T | 2 } 3 | 4 7]
DOAs 80 —-95 ] 150 -195 | 250 — 295 ] 320 -5
C/TT o % 53 %
C/IU T 12 10 13

C/IFT | 19 15 16 16
C/APS | 12 B 13 14
C/ILPS | 2 2 T5 13

Table 2: C/I with different approaches. R/A = 1

5.3 Conclusion

The optimal logarithmic solution enables to override the
induced limitations of frequency transposition in terms
of antenna size. but for a higher computational cost :
a multidimensionnal criterion has to be optimized for
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Figure 2: Patterns for mobile 1 at fuand fq, R/IX =1

every pattern realisation, while frequency transposition
just involves one matrix multiplication.
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