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ABSTRACT

In Time Division Duplex (TDD) wireless communications, downlink
beamforming performance of a smart antenna system can be degraded due to the
variation of spatial signatures in the fast fading environment. To mitigate this,
prediction based downlink beamforming can be applied, which relies on using
updated weight vectors via adaptive linear prediction of spatial signatures in the
downlink interval based on their autoregressive (AR) modeling in the uplink
interval. In this study, the effectiveness of employing predicted spatial signatures
as downlink weight vectors is demonstrated under varying mobile speed (V),
prediction filter order (p) and the number of multipath (L) conditions. It is
observed that in the event that Doppler shifts in the multipaths are integer multiple
of Doppler shift in the fist path (fixed Doppler shift), prediction based
beamforming achieves better SNR improvements in the received signal at the
mobile terminal with increasing V, p, and L.
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KABLOSUZ HABERLESME SiSTEMLERI iCiN UYARLAMALI DOGRUSAL TAHMIN
TABANLI ASAGI BAGLANTI HUZME SEKILLENDIRME

OZET

Zaman bolmeli ¢ift yonlii (TDD) kablosuz haberlesmede, bir akilli anten
sisteminin asag1 baglant1 151 sekillendirme performanst hizli soniimlenen bir
ortamda uzaysal imzalarin degisiminden dolayr bozulabilir. Bu bozulmay1
azaltmak i¢in yukar1 baglant1 araligindaki uzaysal imza vektorlerinin 6zbaglaniml
modellenmesine bagl olarak, asagi1 baglanti araliginda uyarlamali dogrusal tahmini
ile giincellenen agirlik vektorlerinin kullanilmasini igeren hiizme sekillendirme
uygulanabilir. Bu ¢alismada, degisen mobil hiz1 (V), tahmin filtresi derecesi (p), ve
coklu yol sayisi (L) kosullart altinda asagi baglantt agirlik vektorii olarak tahmin
edilen uzaysal imzalarin kullanilmasiin verimliligi gosterilmistir. Coklu
yollardaki Doppler kaymalarimin birinci yoldaki Doppler kaymasinin tamsay1 kati
oldugu durumda (Sabit Doppler kaymas1) tahmine dayali hiizme sekillendirmenin
artan V, p, ve L ile birlikte mobil terminal tarafindan alinan sinyalde daha iyi SNR
iyilestirmesi basardig1 gozlemlenmistir.

Anahtar Kelimeler: Akilli anten sistemi, AR modelleme, dogrusal tahmin, hiizme
sekillendirme

1. GIRIS 1. INTRODUCTION

Akilli anten sistemleri kablosuz haberlesme sistemleri
icerisinde yer alan baz istasyonlarinda &nemli derecede
kapasite artirimi ve performans gelisimi saglamaktadir (1-
3). Uzaysal imza vektorii bir akillt anten sisteminin (AAS)
anten dizisinde mevcut sinyallerin yayilim
karakteristiklerini tanimlar. Zaman bdlmeli ¢ift yonlil
sistemde asagi baglant1 (baz istasyonu anten dizisinden
mobil terminale dogru olan iletim) hiizme sekillendirme

Smart antenna systems provide significant capacity
increase and performance enhancement at the base station
of wireless communication systems (1-3). Spatial
signature vector describes the propagation characteristics
of the signals present at an antenna array of a smart
antenna system (SAS). In time division duplex system, for
the downlink (communication from base station antenna
array towards mobile terminal) beamforming, the SAS
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icin, AAS geleneksel olarak yukari baglanti (mobil
terminalden baz istasyonu anten dizisine dogru olan
iletim) araliginda hesaplanan en son bilinen uzaysal
imzay1 agilik vektorii olarak kullanir. Uzaysal imza
tabanlt hiizme sekillendirme (4) olarak bilinen bu
geleneksel yaklasim kanal karakteristiklerinin ardisik
zaman araliklart arasinda ayni kalmasi sartiyla iyi
performans gosterir. Mobil terminal duragan yada yavas
bir hizla hareket ettigi zaman, uzaysal imza degisimlerinin
onemli olmadig1 ve varig yonlerinin (DOAs) neredeyse
degismedigi gosterilmistir (5). Ancak eger mobil kullanici
bagil olarak yiiksek bir hizda hareket ederse, uzaysal imza
vektorleri her ¢oklu yoldaki Doppler kaymasmin neden
oldugu hizli séniimleme etkisinden dolay1 hizli bir sekilde
degisebilir. Bu kosullar altinda, yeni mobil konumu igin
asagl baglanti agirlik vektorii olarak bir onceki yukari
baglant1 zaman dilimindeki uzaysal imzanin kullanilmasi
performans bozulmasi ile sonuglanabilir. Asagi baglanti
araliginda uzaysal imzalarin tam olarak tahmin edilmesi
ve hiizme sekillendirme siirecinde bir onceki (geleneksel
yaklagim) uzaysal imzalarin yerine tahmin edilen uzaysal
imza vektorlerinin kullanilmas:t ile performanstaki
bozulma 6nlenebilir.

Mobilin kisa aralikli hareketi sirasinda uzaysal imza
vektorlerinin sadece Doppler kaymasindan dolay1 degistigi
ve uzaysal imza vektoriiniin her bir elemaninin siniislerin
toplami olarak modellenebildigi kabul edilirse (6,7) asagi
baglant1 araliginda uzaysal vektorlerini tahmin etmek igin
yukari baglanti sirasinda bu vektorler i¢in bir 6zbaglanimli
(AR) model belirlenebilir. Bu ¢alismada, agirlik vektorleri
olarak AR tabanli uyarlamali dogrusal tahmin ile
giincellenen uzaysal imzalar1 kullanan, dogrusal tahmin
tabanli asag1 baglanti hiizme sekillendirme performansi
incelenmistir. Burada, wuyarlamali dogrusal tahmin
filtresinin performans: degisen mobil hizi (V), tahmin
filtresi derecesi (p) ve ¢oklu yollarin sayis1 (L) kosullari
altinda agagi baglanti SNR gelisimi (A gyp) ve bagil hata

geligimi (Ag) cinsinden istatistiksel olarak
gerceklestirilmistir.  Simiilasyon sonuglari, uyarlamali
dogrusal tahmin tabanli asagi baglanti  hiizme

sekillendirme performansimin 7, p ve L’deki artisla orantili
oldugunu gostermistir.

2. UZAYSAL iMZA VEKTORU MODELI

Bir mobil terminalden iletilen, bant-sinirli temel bant
sinyali s(f) baz istasyonunda M elemanli bir anten dizisi
tarafindan [1] esitliginde verildigi gibi alinir,

x(2) = s()a(t)+1(¢) +n(r) [1]

a(f)  kablosuz  bir ortammn  fiziksel  yayilim
karakteristiklerini belirleyen ve mobil kullaniciya karsilik
gelen uzaysal imza vektord, I(r) coklu erisim paraziti ve
n(f) kompleks degerli giiriiltii vektoriidiir. Haberlesme
sistemlerinde yukar1 baglanti iletimleri tipik olarak her biri
bir dogrultu vektorii (dizi yanit vektorii) olusturan, birer
gelis acist ile iligkili ¢coklu yollar ile ger¢eklesir. Uzaysal
imza vektorii a(7) dogrultu vektorlerinin agirlikli toplami
olarak (5) asagida gosterildigi gibi ifade edilebilir,
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conventionally uses the last known spatial signature
estimated during the uplink (communication from mobile
terminal towards base station antenna array) interval as the
weight vector. This conventional approach known as
spatial signature based beamforming (4), performs well as
long as channel characteristics remain the same between
consecutive time intervals. When the mobile terminal is
stationary or moving a low speed, it has been
demonstrated that spatial signature variations are not
significant, and that direction of arrivals (DOAs) are
almost unchanged (5). However, if the mobile user moves
at a relatively high speed, spatial signature vectors can
change rapidly due to fast fading effects induced by
Doppler shift at each multipath. Under such
circumstances, employing the spatial signature of the
previous uplink time slot as the downlink weight vector
for the new mobile position may result in performance
degradation. This can be avoided by accurately predicting
the spatial signatures in the downlink interval and
substituting predicted spatial signature vectors in place of
previous  (conventional approach) ones in the
beamforming process.

During short interval movement of the mobile, if
spatial signature vectors are assumed to vary due only to
Doppler shift and each element of the spatial signature
vector can be modeled as the sum of sinusoids (6,7), an
autoregressive (AR) model can be determined for the
spatial signature vectors during the uplink to predict them
in the downlink interval. In this study, the performance of
the prediction based downlink beamforming which uses
updated spatial signatures via AR based adaptive linear
prediction as weight vectors is investigated. Here, the
performance of the adaptive linear prediction filter in
terms of downlink SNR improvement ( A SNR) and relative

error improvement ( Ag) under varying mobile speed (V),
prediction filter order (p), and number of multipaths (L)
conditions is statistically evaluated. The simulation results
show that the performance of the adaptive linear
prediction based downlink beamforming is proportional
with the increase in V, p, and L.

2. SPATIAL SIGNATURE MODEL

The transmitted band-limited baseband signal s(¢) from
a mobile terminal is received by an M element antenna
array at the base station as given by [1],

x(¢) =s()a()+1(t) +n(¢) [1]

where a(7) is the spatial signature vector which determines
the physical propagation characteristics of the wireless
environment, and corresponding to the mobile user, I(?) is
the multiple-access interference, and n(¢) is the complex
valued noise vector. Uplink transmissions in the
communications systems typically occur with multipaths,
each associated with a direction of arrival (DOA) that
forms a steering vector (array response vector). Spatial
signature vector a(f) is expressed as a weighted sum of
steering vectors (5) as follows,
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L .
a(t) = Y riae’iVv(6,) [2]
i=1

Burada L ¢oklu yollarn sayisi, #; yayihm yol kaybi,
a; yerel dagiticilardan yansiyan yollarm neden oldugu
kompleks zayiflama, v(6;) bir 6, agisindan gelen i.inci
¢oklu yol bileseni igin M x1 boyutlu dogrultu vektérii ve
dolayr  degisen yol

®; mobilin  hareketinden

uzunluklarinin sebep oldugu frekans kaymasidir (Doppler

etkisi). Faz kaymasi [3]’de verildigi gibi sabit mobil hizi
ile dogrusal bir sekilde degisir

2 2
¢i(t):7ﬂd0’i+7ﬂVt cosy; , i=1...,L (3]

A tagiyicr sinyalin dalga boyu, do; i.inci ¢oklu yolun
baglangi¢ yol uzunlugu ve ; i.inci ¢coklu yoldan gelen

dalga ile mobilin hareket yonii arasindaki ag¢idir. Bu
ylizden [2] esitligindeki uzaysal imza modeli sabitler ¢

teriminde  birlestirilerek  asagida  gosterildigi  gibi
basitlestirilebilir.

L jz—”do’i jZHKtcosy/,-
a(t)=cYe *+ e 4 v(6;) [4]

i=1

TDD sisteminde asagi baglanti iletimi igcin AAS
geleneksel olarak gegerli zaman diliminde agirlik vektorii
w(?) olarak bir dnceki zaman diliminde elde edilen uzaysal
imza vektoriinii a(z-1) kullanir,

w(t)=a(t-1) [5]

Hizli soniimlenen mobil ortamlarinda, asagi baglanti
iletimin i¢in [5]’deki agirlik vektoriini kullanmak eski
mobil konumuna dogru ydnlendirilen hatali hiizmelere
sebep olabilir ve bu yilizden mobil terminalde alinan
sinyalde SNR bozulmasina neden olabilir. Bu bozulma,
Sekil 1’de gosterildigi gibi mobil kullanicinin dogru bir
sekilde izlenebilmesi suretiyle, yeni mobil konumu igin
asagl baglantt agirhik vektoriiniin giincellenmesi ile
ortadan kaldirilabilir. Bunun gergeklestirilmesi icin, AAS
birka¢ yukari baglanti zaman dilimi boyunca uzaysal imza
orneklerini gozlemlemelidir. Daha sonra yukar1 baglanti
periyodunda bu 6rnekler igin bir model olusturmalidir ve
sonra gecerli zaman aralifinda asagi baglanti hiizme
sekillendirme igin agulik vektdrii olarak kullanilacak
uzaysal imza vektoriinii tahmin etmelidir. Bu sekilde,
sinyal giliclinin minimum kayip ile istenilen mobil
kullaniciya iletilmesi miimkiin olur

L .
a(t)= Y ra;e’”Ov(@,) 2]

i=l
Here, L is the number of multipaths, 7, propagation

path loss, «; is the complex attenuation caused by paths

reflected from local scatterers, v(&;) is the M x1
dimensional steering vector for the i-th multipath
component which arrives at an angle of &;, and ¢; is the

phase shift induced by varying path lengths due to mobile
movement (Doppler effect). The phase shift varies linearly
with the constant mobile speed V as given by [3],

(pi(t)=27”d0’i+27”Vt cosy; , i=1,...,L (3]

where A is wavelength of the carrier, do; is initial path
length of i-th multipath, and /; is the angle between the

direction of incoming wave in the i-th multipath and the
direction of the mobile movement. Thus, the spatial
signature model in [2] is simplified with incorporating
constant terms in ¢ as follows,

L jz—”do,i jZHKtCOSI//l'
a(t)=cYe + e 4
i=1

V(&) [4]

For downlink transmission in TDD system, the SAS
conventionally employs spatial signature vector a(z-1)
obtained during the previous time slot as a weight vector
w(?) at current time slot,

w(t)=a(t—1) 5]

In fast fading mobile environments, using the weight
vector in [5] for downlink transmission might lead to
inaccurate beams, which steer toward the old mobile
position, and therefore, cause SNR degradation in the
received signal at the mobile terminal. This degradation
can be eliminated by updating the downlink weight vector
for the new mobile position, thereby accurately tracking
the mobile user as depicted in Figure 1. To accomplish
this, the SAS must observe spatial signature samples over
several uplink time slots, then construct a model for these
samples in the uplink period, and then predict the spatial
signature vector to be used as a weight vector for the
downlink beamforming at current time interval. By this
way, it is possible to deliver signal power to the desired
mobile user with minimal loss.

411



412

G.U. J. Sci., 18(3):409-419 (2005)/ Halil YIGIT*, Adnan KAVAK

- - > Yukari Baglanti a N
- - Kanal Kestirici Ongqrucu
Uplink -Predictor-
| -Channel Estimator-
Wu
Sinyal demodiilatore
Yukar1 Baglanti To signal demadulator
Hiizme Sekillendirici -
-Uplink Beamformer-
Wp
Asag1 Baglanti <:
Hiizme Sekillendirici s (%)
-Downlink Beamformer-

Sinyal demodiilatoriinden
From signal demadulator

Figure 1. Functional diagram of a smart antenna system using adaptive linear prediction based downlink beamforming in TDD mode

operation

Sekil 1. TDD mod ¢alismada uyarlamali dogrusal tahmin tabanli agag1 baglant1 hiizme sekillendirme kullanan bir akilli anten sisteminin

fonksiyonel diyagrami

Mobilin hareketi sirasinda yayilim ortamindaki dagitict
nesnelerin sayist ve mobil ve baz istasyonuna gore bagil
konumlarinin yaklasik olarak ayni kaldig: kabul edilir. Bu
nedenle ¢ift yonli iletim zamani igerisinde ¢oklu yollarin
gelis acilann  (DOAs) ve  dogrultu  vektorleri
degismemektedir. Mobil terminal ve baz istasyonu anten
dizisi arasindaki ayirim yeteri kadar biiylik oldugu igin
coklu yollar ayni yol kaybma 7, = r sahip olurlar. Coklu

yol ortamindaki dagiticilarin ayni elektriksel 6zelliklere
(iletkenlik, gegirgenlik) sahip oldugu diisiiniiliirse, her bir
yol i¢in kompleks zayiflama sabit ¢; = & kabul edilebilir.

3. OZBAGLANIMLI (AR) MODELLEME iLE
DOGRUSAL TAHMIN

Mobil kullanicinin  hareketi sirasinda ¢oklu yol
bilesenlerinin bagil fazi Doppler kaymasindan dolay1
degisir. Uzaysal imza vektoriiniin elemanlari siniislerin
toplamu olarak ifade edildiginden dolay1, bu vektoriin her
bir elemani zamanla degisen 6zbaglanimli (AR) islem
olarak modellenebilir (8,9),

P %
GO ==X b jap ;(t=)) k=12, M [6]
Jj=1

Burada, p model yada tahmin filtresinin derecesi ve by
filtre katsayilaridir. [7] esitligi ile verilen (p+1)x(N/2+p)
boyutlu veri matrisini elde etmek i¢in veri pencereleme
yontemlerinden otokorelasyon metodu (9) kullanilmigtir.

ap() - ap(p+) - q(N/2) - 0
0 - ap ap(N/2=1) - 0 [7]
De=| . : : : : : :
0 - apl) - a(N/2=p) - ay(N/2)

Matris esitliginde N/2 pencere boyutu yada yukari
baglant1 uzaysal imza orneklerinin sayisidir ve N/2>p
olarak segilir. Tahmin filtresi katsayilarmim bulunmasi
problemi Yule-Walker esitliklerinin ¢Ozlimiine

The number of the scattering objects in the propagation
environment and their relative positions with respect to the
mobile and the base station are assumed to remain
approximately the same during the movement of the
mobile. Hence, directions of arrivals (DOAs) of
multipaths and steering vectors are unchanged within
duplexing time. Since the separation between the mobile
terminal and the base station antenna array is sufficiently
large, multipaths have the same path loss 7, =r. If

scatterers in the multipath environment are considered to
have identical electrical properties (conductivity,
permittivity), the complex attenuation for each path is
assumed to be constant o; = o .

3. LINEAR PREDICTION VIA AUTOREGRESSIVE
(AR) MODELING

The relative phase of multipath components changes
due to Doppler shift during movement of the mobile user.
Since elements of the spatial signature vector are
expressed as the sum of sinusoids, each element of the
vector can be modeled as time varying autoregressive
(AR) process (8, 9) given by

Y
GO == by ap (t=j) k=12, M  [6]
Jj=1

where p is the model or prediction filter order, and by ; are
the filter coefficients. The autocorrelation method from
data windowing schemes (9) is performed to obtain the
(pt1)X(N/2+p) dimensional data matrix given by [7],

aG() < a(p+) o G(N/2) 0

0 - ap) ap(N/2=1) -~ 0 [7]
Dp=| . : : : : : :

0 @) o @(N/2-p) - g(N/2)

In matrix equation, N/2 is the window size or number
of uplink spatial signature samples, and chosen as N/2>p.
The problem of finding prediction filter coefficients is
reduced to solving the Yule-Walker equations.
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indirgenebilir.
S,
P (payx
R, =D,D (p+1)x(p+1) Dboyutlu otokorelasyon
matrisi, b, [9] ile verilen katsay1 vektorii,
be=[1 by bia by | (9]

ve & =a;(H)—ap(¢) oldugu yerde S, =&fls, karesel
hatalarin toplamudir. [8] esitliginden agik¢a gorildigi
gibi, by vektori Rk ‘nin dik (sifir) uzayinda
bulunmaktadir.

R;b; =0, [10]

lik , Ry matrisinin px(p+1) boyutlu alt matrisidir.
Tahmin filtresi katsayilar1 by vektériniin ilk elemanina
gore normalize edilmesiyle elde edilir.

4. SIMULASYON SONUCLARI
4.1. Simiilasyon Diizeni

TDD modunda c¢alisan bir akilli anten sistemi i¢in
uyarlamali dogrusal tahmin tabanli asagi baglanti hiizme
sekillendirme  performansini  degerlendirmek  igin
bilgisayar simiilasyonlar1 gerceklestirilmisti. UTRA-
TDD’de (10) oldugu gibi ¢ift yonlii iletim zamam
Ts=10/15 ms olan bir cerceve yapist godz Oniine
almmistir. Simiilasyon iki agsamada gergeklestiriliyor.
Birinci asamada kompleks uzaysal imza vektoriiniin her
bir elemani i¢in Sekil 2’de gosterildigi gibi bir TDD
cergeve yapisi kullanilarak, yukari baglanti araliginda
toplanan N/2 O6rnekten p dereceli bir 6zbaglanimli model
olusturulur. Her yeni gelen uzaysal imza vektorii igin
model ve model katsayilar1 uyarlamali olarak giincellenir.
Son agamada ise asagl baglanti aralif1 i¢in bir sonraki
uzaysal imza vektorii bu AR model katsayilart kullanilarak
tahmin edilir. Uzaysal imza vektorleri [2] esitligi
kullanilarak verilen mobil hizi (¥), ¢oklu yollarin sayisi
(L), ortalama gelis agilar1 ve agisal yayilim (A#) igin
tiretilmistir.

Sk

Rkbk =|:0 [8]

pAl lpﬂ)xl

R, =D, D is (p+1)x(p+1) dimensional autocorrelation
matrix, by is the coefficient vector given by [9],

bk =|:1 bk,l bk,2 bk,p:| [9]

and S, = g,fl g 1s the sum of squared errors where
&, =a; (t)—ay (t). Itis clearly seen from equation [8] that
b, is the vector, lying in the orthogonal (null) space of
R;,

Rkbk :Opxl [10]

ﬁk is px(p+1) dimensional sub-matrix of R, . Predictor
filter coefficients are obtained by normalizing b; with

respect to its first element.
4. SIMULATION RESULTS
4.1. Simulation Setups

Computer simulations are carried out to evaluate the
performance of adaptive linear prediction based downlink
beamforming for a smart antenna system operating in
TDD mode. A frame structure with duplexing time
Ts=10/15 ms as in UTRA-TDD (10) is considered.
Simulation is performed in two levels. In the first level,
for each complex element of the spatial signature vector,
an autoregressive model with order p is estimated from the
N/2 samples collected in the uplink interval by using a
TDD frame structure as shown in Figure 2. Model and
model coefficients are updated adaptively for each new
incoming spatial signature vector. In the last level, for the
downlink interval, next spatial signature vector is
predicted using these AR model coefficients. Spatial
signature vectors are generated using [2] for a given
mobile speed (V), the number (L) and mean DOA of
multipaths, and angle spread (A6).

ATA

(_

N N
a() a2 TTTTTTT a(;) a(— +1)

Yukar1 baglanti

AR

-Uplink-

Asagi baglanti

a2) a(3)

-Downlink-

ATA

YL T L . a(N-1)
2 2

Figure 2. TDD frame structure
Sekil 2. TDD cergeve yapisi
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Sekil 3’de gosterildigi gibi tipik yerel yansiticili
kablosuz yayilim ortami goz Oniine alinarak, simiilasyon
500 defa kosturulmustur. Anten dizisi olarak 7-elemanli
diizgiin dogrusal dizi (ULA) kullanilmistir ve tasiyici
frekans1 1.8 GHz  secilmistir. Her simiilasyon
kosturmasinda, kablosuz ortamdaki ¢oklu yollarin gelis
acilar1 (DOAs) ve bu sebepten mobilin baglangig noktasi
rasgele degisirken, AG, V, p, ve L’ nin degismedigi kabul
edilmistir. Asagi baglanti araligi boyunca elde edilen
tahminlerin SNR iyilestirmesi (Agyr) ve bagil hata

iyilestirmesi (Ag) degerlerinin ortalamasi almarak, 500
farkl1 deger ve bu degerlerin kiimiilatif dagilimlar1 elde
edilmistir. Simiilasyonlarda [11] esitliginde verildigi gibi
coklu yollardaki faz kaymalar sirastyla, ilk ¢oklu yoldaki
faz kaymasinin tam say1 kat1 (sabit Doppler durumu), ve
rasgele alinmustir,

v vV
Ja.i =iz Ve Ja.i = oSV [11]

BS anten dizisi
BS antenna array

G.U. J. Sci., 18(3):409-419 (2005)/ Halil YIGIT*, Adnan KAVAK

Considering  typical local scattering wireless
propagation environment as shown in Figure 3, simulation
runs 500 times. 7-element uniform linear array (ULA) as
antenna array is used, and the carrier frequency is chosen
in 1.8 GHz. For each simulation run, direction of arrivals
(DOAS) of multipaths in the wireless environment, hence
mobile start point randomly change, whereas Ad, V, p, and
L are assumed unchanged. Averaging the SNR
improvement (Agye) and relative error improvement

(Ag) values of predictions obtained over the downlink
interval, 500 different values and their cumulative
distributions are obtained. In simulations, Doppler shifts in
the multipaths are taken as the multiple of the Doppler
shift in the first multipath (fixed Doppler case) and
random, respectively, as given by [11],

N4 V
Jai =iz v Jai = oSV [11]

Figure 3. Multipath scattering profile for the mobile moving at the speed of V. Within scattering disc, 500 random mobile positions are

selected (BS: Base station, MS: Mobile terminal)

Sekil 3. V' hizinda hareket eden mobil i¢in ¢oklu yol dagilim profili. Dagitict disk igerisinde 500 rasgele mobil konumu

se¢ilmektedir.(BS: Baz istasyonu, MS: Mobil terminal)
4.2. Performans Olgiitleri

Asag1 baglant1 iletimi sirasinda uzaysal imzalarin
tahminlerinin dogrulugunu gostermek i¢in iki farkli olgiit
kullanilmigtir. Birinci 6l¢lit mobil kullanic1 tarafindan

4.2. Performance Measures

Two different measures are used to indicate of the

accuracy of the predictions of the spatial signatures during
the downlink interval. The first measure is the signal to
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alman giigteki iyilesmeyi gosteren sinyal-giiriiltii oram
(SNR) gelisimidir (Agyg)- [5] esitligindeki geleneksel
uzaysal imzanin yerine, tahmin edilen uzaysal imza
vektoriinin kullanilmas: ile asagi baglantt SNR’de bazi
iyilesmeler elde edilir.

H H
‘atahminagerg'ek HagelenekA ‘ [ 1 2]

‘ H

Aahmin

SNR gelisimi ayni zamanda anten dizisinin asagi
baglant1 hiizmesinin ne kadar dogru yeni mobil konumu
yoniinde dogrultuldugunun 6lgiitii olarak gorilebilir.
Ikinci 6lciit tahmin edilen ve geleneksel uzaysal imza
vektorlerinin  uzunluk cinsinden gergek uzaysal imza
vektoriine olan yakinligimi goésteren bagil hata gelisimi
(Ag) olarak tanimlanur,

Asng (dB) =20log)

H
‘a geleneka gercek

‘8 gelenek

A gercek — A gelenek
As(dB) = 201ogy ‘ 7gercer  —gefener ||

=20log;q ‘
Hstahmin H Hagergek ~ Aahmin

[13]

Agercek asag1 baglant1 araliginda gergek mobil konumu

i¢in olmas1 gereken uzaysal imza vektori, a,,,,;,, tahmin

edilen uzaysal imza vektorii ve a 4 bir dnceki zaman

gelene

diliminin (yukar1 baglanti) uzaysal imza vektoriidiir.
4.3. Sonuclar

Bu calismada sabit ve rasgele Doppler kaymasi
durumlart i¢in bir akilli anten sisteminin uyarlamali
dogrusal tahmin tabanli asagi baglanti hiizme
sekillendirme performansi gergeklestirilmistir. Sekil 4’den
acikca gorilildiigli gibi, uyarlamali dogrusal tahmin
filtresinin SNR gelisim performansi sabit Doppler kaymasi
durumunda yaklasik olarak 3 dB rasgele Doppler kaymasi
durumundan daha biiyiiktiir. Bu, AR modellemenin sadece
sabit Doppler kaymasi durumunda etkili oldugunu
gostermektedir.

noise ratio (SNR) improvement (Agyg) in the received

signal power by the mobile user. By substituting predicted
spatial signature vector in place of the conventional spatial
signature in [5], some improvement in the downlink SNR
is obtained.

H H
‘apredict Auctual Acony [ 1 2]
Asvg (dB) =20log,g m 7
a predict AcomvAactual

SNR improvement can also be viewed as the measure
of how accurately the downlink beam of antenna array is
pointed in the direction of the new mobile position. The
second measure is defined as the relative error
improvement ( Ag), which indicates the proximity of the
predicted and conventional spatial signature vectors to the
actual ones in length,

€. a,. —a,
Ae(dB) =20log;, H wan =20logy, H actual wan [13]
Hspredict Aqctual ~ A predict
where a ., is the actual spatial signature vector for the

current mobile position in the downlink interval, a predict

is the predicted spatial signature vector, and a is the

conv
spatial signature of the previous time slot (uplink).

4.3. Results

In this study, adaptive linear prediction based downlink
beamforming performance of a smart antenna system is
evaluated for fixed and random Doppler shift cases. As
seen clearly from Figure 4 that SNR improvement
performance of the adaptive linear prediction filter in the
fixed Doppler case is nearly 3 dB greater than that in the
random Doppler case. This shows that AR modeling is
effective only in the fixed Doppler case.

kiimilatif dagilim
cumulative distribution

—©- Rasgele Doppler durumu
Random Doppler case

—8— Sabit Doppler durumu
Fixed Doppler case
A8=90,V=100km/h
P=8,L=8,Ts=0.66ms

Figure 4. SNR performance of linear prediction filter with fixed and random Doppler shift cases on multipaths
Sekil 4. Coklu yollardaki sabit ve rasgele Doppler kaymasi durumunda dogrusal tahmin filtresinin SNR performanst
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Mobil hizindaki degisimin tahmin performansina
etkileri Sekil 5 ve Sekil 6’dan goriilmektedir. Mobil hiz1
50 km/h’ den 130 km/h’ e degistigi zaman yiiksek hizlarda
daha biiyiik Agyp degerleri elde edilir. Diger bir deyisle,

tahmin filtresinin anten dizisinin asagi baglanti
iletimindeki SNR kaybimi gidermesi yiiksek mobil
hizlarinda daha da belirginlesmektedir. Ciinkii, ardigik
asagl baglanti ve yukar1 baglanti zaman araliklarindaki
uzaysal imza vektorleri yiiksek hizlarda daha az
korelasyona sahip olurlar. Aym egilim Ae igin
gbzlenememesine ragmen, mobil hizindaki degisim Sekil
6’da gosterildigi gibi ortalamada yaklasik olarak 7.3 dB ile
9.8 dB arasinda degismektedir. Tahmin edilen uzaysal
imza vektorii bir Onceki uzaysal imza vektdriine gore
gergek vektore hem agt hem de uzunluk (genlik) cinsinden
daha yakin olmaktadir.
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The effects of the mobile speed variation on the
performance of prediction are seen in Figure 5 and Figure
6. When mobile speed varies from 50 km/h to 130 km/h,
larger Agyp Vvalues are obtained in high speeds. In other

words, eliminating SNR loss in the downlink transmission
of antenna array of prediction filter becomes evident in
higher mobile speeds still. This is because, spatial
signature vectors in the successive downlink and uplink
time intervals have less correlation in higher speeds.
Although the same trend cannot be observed for Ag,
mobile speed variation fluctuates approximately among
7.3 dB and 9.8 dB in the average as shown in Figure 6.
The predicted spatial signature vector becomes closer in
both angle and length (amplitude) to the actual one than
the previous spatial signature vector.
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Figure 5. Cumulative distributions of SNR improvement for varying mobile speeds in fixed Doppler case
Sekil 5. Sabit Doppler kaymast durumunda degisen mobil hizlart i¢in SNR gelisiminin kiimiilatif dagilimlar

100

90

80

70

-3
S
T

kumulatif dagilim
cumulative distribution
w B o
S 5] 3
T T T

N
=]
T

10

T T
—6- V=30km/h
—8- V=70km/h
—%— V=100km/h 7
—— V=130km/h
A6=90,P=8
L=6,Ts=0.66ms

Ae (dB)

12

Figure 6. Cumulative distributions of relative error improvement for varying mobile speeds in fixed Doppler case
Sekil 6. Sabit Doppler kaymasi durumunda degisen mobil hizlari igin bagil hata gelisiminin kiimiilatif dagilimlar
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Sekil 7 ve 8, AG=90°, V=100km/h ve L=6 kosullari
altinda degisen tahmin filtresi derecesi (p) igin anten
dizisinin  asag1  baglantt  hiizme  sekillendirme
performansma etkilerini  gostermektedir. Cizimlerden
goriildiigli gibi tahmin filtresi derecesi artirilirken,
tahminler hem Agyp hem de Aeg cinsinden daha iyi

performans gergeklestirmektedir.
100

90
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kumulatif dagilim
cumulative distribution
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S 3 =]
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20
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Figure 7 and 8 show the effects on the downlink
beamforming performance of antenna array for changing
the prediction filter order (p) under AG=90°, V=100km/h,
and L=6 conditions. As seen from plots, predictions
achieve better performance in terms of both Agye and

Ag as the prediction filter order is increased.

P
[
3
P
A6=90,V=100km/h
L=6,Ts=0.66ms

Figure 7. Cumulative distributions of SNR improvement for varying prediction filter order in fixed Doppler case
Sekil 7. Sabit Doppler kaymasi durumunda degisen tahmin filtresi dereceleri i¢gin SNR gelisiminin kiimiilatif dagilimlar
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Figure 8. Cumulative distributions of relative error improvement for varying prediction filter order in fixed Doppler case
Sekil 8. Sabit Doppler kaymasi durumunda degisen tahmin filtresi dereceleri igin bagil hata gelisiminin kiimiilatif dagilimlari

Dogrusal tahmin filtresinin performansinmi etkileyen
diger bir parametre yayilim ortamindaki ¢oklu yollarin (L)
sayisidir. Bir uzaysal imza vektorii igin temel vektorleri
olusturan dogrultu vektorlerinin (dizi yamt vektorleri)
sayis1 L’ ye esittir. Agyp ve Ag igin gizimler sirasiyla

Sekil 9 ve Sekil 10’ da verilmektedir. Agik¢a goriiliiyor ki,
bir anten dizisi tarafindan aliman g¢oklu yollarin sayisi
arttifi zaman tahminler daha iyi SNR gelisimi ile
sonuglanirken, bagil hata gelisimini kotiilestirmektedir.
Yayilim ortaminda ¢oklu yollarin sayisi artarsa, uzaysal
imza Orneklerinin alt uzay boyutu artar ve hem uzunluk

The other parameter that affects the performance of
linear prediction filter is the number of multipaths (L) in
the propagation environment. The number of steering
vectors (array response vectors), which form the basis
vectors for a spatial signature vector is equal to L. Plots
for Agyr and Ag are given in Figure 9 and Figure 10,

respectively. It is clearly seen that predictions result in
better SNR improvement but worse error improvement
when the number of multipaths received by the antenna
array is increased. If the number of multipaths increases in
the propagation environment, the subspace dimension of
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hem de ag¢1 cinsinden degisim gosterirler. Sonug olarak,
ardisik uzaysal imza Ornekleri ilintisiz olurlar. Sekil 9 ve
10°dan goriilityor ki, AR modelleme uzaysal imzalardaki
genlikteki

ac1 degisimlerini
izleyemiyor.

yakalarken, degisimleri
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the spatial signature samples increases and they fluctuate
both in length and angle. Consequently, successive spatial
signature samples become uncorrelated. It is clearly seen
from Figure 9 and 10 that AR modeling is probably able to
capture angle change but not amplitude change in spatial
signatures.

90

80

@
=]
T

kumulatif dagilim
cumulative distribution
u
o
T

I
S
T

201

10

e

AB=90,V=100km/h
P=8,Ts=0.66ms

A

SNR (dB)

Figure 9. Cumulative distributions of SNR improvement for varying multipath numbers in fixed Doppler case
Sekil 9. Sabit Doppler kaymasi durumunda degisen goklu yol sayilari icin SNR gelisiminin kiimiilatif dagilimlari
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Figure 10. Cumulative distributions of relative error improvement for varying multipath numbers in fixed Doppler case
Sekil 10. Sabit Doppler kaymasi durumunda degisen ¢oklu yol sayilari i¢in bagil hata gelisiminin kiimiilatif dagilimlar

5. SONUC

Bu calismada, farkli kanal yayilim ve tahmin filtre
derecesi kosullar1 altinda asagi baglanti agirhik vektori
olarak, bir onceki (geleneksel yaklagim) uzaysal imza
vektoriiniin yerine tahmin edilen uzaysal imza vektoriinii
kullanan uyarlamali dogrusal tahmin tabanli asag1 baglanti
hiizme sekillendirme performans: gerceklestirilmistir.

Kablosuz yayilim kanalinda baz istasyonu anten
dizisinde mevcut olan uzaysal imza vektorlerinin Doppler
etkisinden dolay1 degistigi zaman bu vektorlerin yukar
baglant1 araliginda AR modellenmesiyle, asagi baglanti

5. CONCLUSION

In this study, the performance of the adaptive linear
prediction based downlink beamforming, which employs
predicted spatial signature vector rather than previous
(conventional approach) spatial signature vector as
downlink weight vector under different channel
propagation and prediction filter order conditions is
evaluated.

When the spatial signature vectors present at a base
station antenna array in a wireless propagation channel
vary due to Doppler effect, their adaptive predictions in
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araliginda uyarlamali tahminleri TDD sisteminde anten
dizisinin mobili dogru bir sekilde izlemesini saglar ve bu
ylizden asag1 baglant1 hiizme sekillendirme performansini
iyilestirir.

Simiilasyon sonuglart uzaysal imza vektorlerinin
uyarlamali  dogrusal tahminlerinin rasgele Doppler
kaymasi ile karsilastirildiginda, sabit Doppler kaymasi
durumunda daha etkili oldugunu gdstermektedir. Diisiik
hizlarda (7 =30 km/h) uyarlamali dogrusal tahmin
tabanli hiizme sekillendirme yaklagik olarak geleneksel
hiizme sekillendirme ile ayni performansi gosterir. Mobil
hiz1 arttirilirsa, tahminler bir 6nceki uzaysal imzalarin
kullanilmas: ile karsilagtirildiginda daha etkili olmaya
baglamaktadir ve yiiksek mobil hizinda (¥ =130 km/h)
5.3 dB’ ye kadar SNR iyilestirmesi gergeklestirmektedir.
Daha biiyiik SNR gelisimi ve bagil hata gelisimi degerleri
daha yiiksek dereceli tahmin filtresi kullanilarak elde
edilebilir. Haberlesme kanalindaki ¢oklu yollarin sayisi
arttig1 zaman, (L=3, 4, 5 ve 6), ardisik uzaysal imzalar, alt
uzay boyutundaki artis nedeniyle daha az ilintili olurlar ve
asag1 baglanti hiizme sekillendirmede bir onceki uzaysal
imzalarin  yerine tahmin edilen uzaysal imzalarin
kullanilmas: ile bagil olarak yiiksek SNR degerleri elde
edilir. Ancak, ortama eklenen fazla sayidaki ¢oklu yollar
bagil hata gelisimi cinsinden tahmin performansini
katiilestirir.

KAYNAKLAR/ REFERENCES

the downlink interval via AR modeling of these vectors in
the uplink interval enable the antenna array to track the
mobile accurately, and therefore improve downlink
beamforming performance in TDD system.

Simulation results show that adaptive linear predictions
of spatial signature vectors are more effective in fixed
Doppler shift case compared to random Doppler shift case.
At low speeds (V' =30 km/h ), adaptive linear prediction
based beamforming performs approximately the same as
conventional beamforming. If the mobile speed is
increased, predictions start to become more effective
compared to using previous spatial signatures and achieve
SNR improvement up to 5.3 dB at high mobile speed
(V' =130 km/h ). Larger SNR improvement and relative
error improvement values can be obtained with using
higher order prediction filter. When the number of
multipaths in the communications channel increases (L=3,
4, 5, and 6), successive spatial signatures become less
correlated due to increase in their subspace dimension, and
relatively high SNR values is obtained by using the
predicted spatial signatures in place of previous spatial
signatures in downlink beamforming. However,
predictions perform worse in terms of relative error
improvement with more multipaths added in the
environment.

1. Godara, L.C.,“Applications of antenna arrays to mobile communications, part [: performance improvement,
feasibility, and system considerations”, IEEE Proceedings, 85(7): 1031-1060 (1997).

2. Kavak, A.,“Adaptive antenna arrays for downlink capacity increase in third generation wireless CDMA”, in Proc.

IEEE Radio and Wireless Conf., 77-80 (2001).

3. Winters, J.H.,“Smart antennas for wireless systems”, IEEE Personal Comm. Mag., 5(1): 23-27 (1998).

4. Krim, H. and Viberg, M.,“Two decades of array signal processing research”, IEEE Signal Proc. Mag., 3(4): 67-94

(1996).

5. Kavak, A., Yang, W., Xu, G., and Vogel, W.J.,“Characteristics of vector propagation channels in dynamic mobile
scenarios”, IEEE Trans. on Ant. Prop., 39(12): 1695-1702 (2001).

6. Hwang, J.K., and Winters, J.H.,“Sinusoidal modeling and prediction of fast fading processes”, in Proc. |IEEE

GLOBECOM, Sydney/Australia, 1: 892-897 (1998).

7. Duel-Hallen, A., Hu, S., and Hallen, H.,“Long-range prediction of fading signals” , IEEE Signal Proc. Mag., 17(3):

62-75 (2000).

8. Dong, L., Xu, G., and Ling, H.,“Prediction of fast fading mobile radio channels in wideband communication

systems”, in Proc. IEEE GLOBECOM, 3287-3291 (2001)

9. Haykin, S., “Adaptive filter theory”, Prentice Hall, NJ (1996).

10. Haardt, M., et al, “The TD-CDMA based UTRA TDD mode”, IEEE J. Sel. Areas in Commun., 18(8):1375-1385

(2000).

Received/ Gelis Tarihi: 19.04.2004

Accepted/Kabul Tarihi: 03.03.2005

419



