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ABSTRACT

Smart antennas are considered to be promising technology for increasing the
performance of wireless communication systems. A smart antenna consists of
several antenna elements, whose signals are processed adaptively in order to
exploit the spatial domain of the mobile radio channel (1). Usually, the signals
received at the different antenna elements are multiplied with complex weights w,
and then summed up; the weights are chosen adaptively. Not the antenna itself, but
the whole antenna system including the signal processing is called "adaptive" (2).
Only the antenna is not smart, the antenna system which contains also antenna
elements is called smart.

Key Words: Adaptive Algorithms, CDMA, Smart Antennas, Third Generation
(3G) Systems.

KABLOSUZ HABERLESME SISTEMLERI ICIN AKILLI ANTENLER

OZET

Akilli antenler, kablosuz haberlesme sistemlerinin performanslarini artiracak son
temel teknolojik buluslar arasinda yer almaktadir. Bir akilli anten dizisi,
uyarlanabilir olarak gelen sinyali isleyerek gezgin iletisim kanalinin uzaysal
yayilim alanmmi en verimli bi¢cimde kullanmay1 amaglayan bir¢cok anten
elemanindan olusur (1). Genellikle farkli anten elemanlarindan alman sinyaller
karmasik w agirlik katsayist ile garpilir ve toplanir. Buradaki agirlik katsayilari her
iterasyon adiminda degistirilerek alinir. Antenin kendisi degil ama sinyal igleme
kabiliyetine sahip olan anten sistemi sayesinde “uyarlanabilir” olarak adlandirilan
katsayt secimi olur (2). Akilli olan sadece anten degil o antenin de iginde
bulundugu anten sistemi akilli olarak adlandirilir.

Anahtar Kelimeler: Uyarlanabilir Algoritmalar, CDMA, Akilli Antenler, Ugiincii
Nesil (3G) Sistemler
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1. GIRIS

Akilli antenler, aymt baz istasyonu i¢in daha fazla
kullaniciya servis saglama imkani vererek, daha yiiksek ag
kapasitesine imkan tanirlar. Bunun sonucu olarak ag
operatorlerinin gelirlerinde artig, miisterilerin aramalarinin
bloke olma ve hattin kesilme olasiliginda azalma egilimi
goriiliir. Ayn1 zamanda istenilen sinyalin giiciiniin artmasi
ve parazit sinyallerin azalmasi ile iletilen sinyalin kalitesi
artirtlabilir. Bununla beraber ayni sinyalin farkli yollardan
gelmesi sonucu olusan yayilim gecikmesinde azalma
olasiligi, daha yiiksek veri iletim oranin saglanmasi da
diger faydalar1 arasindadir. Son olarak akilli antenler
kullanicinin yerinin tespit edilmesinde de kullanilirlar.
Otomatik konum teshisi (ALI), Federal Haberlesme
Komisyonunun (FCC) gereksinimlerinin yerine getirilmesi
i¢in ve konuma bagl servislerin sunulmasi i¢in énemlidir
(3). Akilli anten sistemlerinin genel yapilart Sekil 1°de
gosterilmektedir.

1. INTRODUCTION

Smart antennas can be used to achieve higher network
capacity, i.e. the ability to serve more users per base
station and higher capacity improvement. This leads to
increased revenues of network operators, and a decreased
probability of blocked or dropped calls for the customers.
Also, the transmission quality can be improved by
increasing desired signal power and reducing interference.
Further benefits include a possible reduction of the delay
spread, allowing higher data rates, and a reduction of the
transmit power. Finally, smart antennas can be used to
improve the position estimation of users (by determination
of the angles), which is important both for fulfillment of
FCC requirements (Federal Communications Commission)
for Automatic Location Identification (ALI) and the
offering of location-based services i.e. city guide with
navigation (3). General structure of smart antenna systems
are shown in Figure 1.
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Figure 1. General structure of smart antenna systems
Sekil 1. Akilli anten sisteminin genel yapisi

Genel olarak faydalar::
- daha yiiksek kapasite
- daha iyi iletim kalitesi
- yayilim gecikme siirelerindeki azalma
- daha yiiksek veri iletim orani

- kullanic1 konumunun tahmini imkam

We can gain :
- Higher capacity

- Better transmission quality
- Reduction of delay spread
- Higher data rates

- Improved user position estimation

1. AKILLI ANTENLERIN PERFORMANSI

Bilindigi gibi akilli antenler tiglincii nesil (3G) kablosuz
haberlesme sistemlerinde yukar:t ve asagi baglantida
ihtiya¢c duyulan sistem performansini elde etmek icin
6nemli bir aragtir. Veri iletiminin kablosuz ortam
vasitasiyla saglanmast sonucu ihtiyag duyulan servis
kalitesinde (QoS) azalmalar olur. Sinyal kalitesini en fazla
etkileyen nedenler sinyalin ¢oklu yollarla yayilimi ve
diger kanallardan kaynaklanan parazit olarak tanimlanir.

1. PERFORMANCE OF SMART ANTENNA
SYSTEMS

As we know, the smart antennas are one better approach
to provide desired system performance both uplink and
downlink transmissions. Data transmission in the wireless
channels causes the increasing quality of service (QoS).
Multipath propagation and co-channel interferences are
one of the most important factors for quality of signal.
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1.1. Cok Yollu Yayilim

Kablosuz haberlesme sistemlerinin temel
problemlerinin en 6nemlisi alic1 verici arasindaki sinyalin
¢ok yollu yayilimin olmasidir (4). Geleneksel bir anten ile
gezgin kullanicidan baz istasyonuna dogru olan veri
iletiminde, sinyale ait tiim yansimalar alicida rasgele
fazlarla alinir. Bunun sonucu olarak sinyalde zayiflama ve
hata olasiliginda artig goriiliir. Bu durumda akilli anten
sistemi gelen sinyali iki sekilde yorumlayabilir: ilk olarak
sistem tim c¢ok yollu bilesenleri zayiflama etkisini
engellemek icin ayr1 ayn isler. Bunlardan sinyal kalitesi
yiiksek olan1 Sekil 2°de goriildiigli gibi alir ve digerlerini
bastirir ya da dogru faz gecikmelerini géz Oniine alarak
tiim bilesenleri ekler. Diger bir olasilik ise akilli anten
uyarlanabilir olarak karmagik anten Oriintiisiinii iretir ve
yine ayni yolla yani ya giiclii sinyali alip digerlerini
bastirarak ya da digerlerini de dogru faz gecikmeleri ile
ekleyerek isler.

1.1. Multipath Propagation

One of the major problems of mobile communications is
the multipath propagation from transmitter to receiver (4).
With a conventional antenna, all echoes of the signal are
added up at the receiver with arbitrary phases, leading to
fading, and thus an increased error probability The
operation of a smart antenna can now be interpreted in two
ways: one way is to say that it can process all multipath
components separately, thus avoiding fading. We could
either select just one component as seen in Figure 2 and
suppressing the thin ones. Alternatively, we can add up all
components with corrected phases. Another possibility is
to say that a smart antenna can adaptively generate a
complex antenna pattern, which again can be chosen in
such a way that fading is avoided or at least mitigated.
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Figure 2. Multipath propagation of a signal from mobile station to base station
Sekil 2.MS1°den BS’ ye dogru sinyalin ¢ok yollu iletimi

1.2. Es-Kanal Paraziti

Kablosuz haberlesme sistemlerinin ikinci biiyiik
problemi olarak bilinen diger kanallarin olusturdugu
parazitin bastirtlmasi i¢in kullanilan yol, bir 6nceki ¢ok
yollu yayilim bdliimiinde bahsedilen ile ayni islem
prensibine sahiptir. Burada yine uyarlanabilir anten
Orlintiilerinin yorumlanmasi ile akilli antenler parazit
kullanicilardan gelen c¢ok yollu bilesenlerin dogrultusunu
onemsiz hale getirir. Boylece sinirli sayidaki parazit
sinyaller bu teoriye gore kusursuzca bastirilirlar. Sekil
3’de goriildiigii gibi uzaktaki diger kanala ait kullanicinin
sinyalleri bastirtlmistir.

1.2. Co—Channel Interference

The same principle of operation, as mentioned in the
previous section about multipath propagation, can also be
used for the suppression of co-channel interference, the
second big problem of mobile communications. . Using
again the interpretation of the adaptive antenna pattern,
the smart antenna can put aulls in the direction of
multipath components coming from the interferer.
Thereby a limited number of interferers (depending on the
number of antenna elements) can be suppressed perfectly -
in theory. In the Figure 3, the signals of the far-away co-
channel user (MS2) can be suppressed.
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Figure 3. The signal of the far away MS2 can be suppressed by smart antennas
Sekil 3. Uzaktaki MS2’nin istenmeyen sinyalinin akilli anten tarafindan bastirilmasi

2. TDMA iCIN AKILLI ANTENLER

Geleneksel zaman bolmeli ¢oklu erisim (TDMA=Time
Division Multiple Access) ya da frekans bdlmeli ¢oklu
erisim (FDMA=Frekans Division Multiple Access)
hiicresel sisteminde, bir hiicre tarafindan kullanilan
tagiyict  frekans komsu hiicreler tarafindan tekrar
kullanilamaz. Bunun nedeni komsu kanalin olusturdugu
parazit sinyalin ¢ok giiclii olmasidir. Bu frekansin tekrar
kullanilmasi, belli bir mesafe sartinin saglanmasi ile
imkan kazanir. Aym tastyic1t frekansi kullanan iki baz
istasyonu arasindaki bu mesafe, ki hiicre yarigapr ile
ilgilidir yeniden kullanim uzaklig1 olarak adlandirilir ve
D/R ile gosterilir (5). Farkli tasiyici frekans: kullanan
hiicrelerin sayist N boyutlu kiime ya da yeniden kullanim
faktorli olarak adlandirilirlar (Sekiller 4, 5 ve 6). Tipik
olarak her kullanici i¢in sinyalin parazit ve giriltii
toplamina orani’nin (SINR) 10dB olmasi istenir. Bu
hiicredeki sektorler igin kiime sayisinin 3 yada daha fazla
olmasi ile gergeklestirilir.

2. SMART ANTENNAS FOR TDMA

In a conventional time division multiple access (TDMA)
or frequency division multiple access (FDMA) cellular
system, carrier frequencies that are used in one cell cannot
be reused in the neighboring cells, because the resulting
co-channel interference would be too strong. Rather, those
frequencies are reused at a greater distance. The distance
(related to cell radius) between two base stations which
use the same carrier frequency is named reuse distance
D/R (5). The number of cells that have to use different
carrier frequencies is called cluster size N or reuse factor
(Figures 4, 5, and 6). Typically, a signal-to-noise-and-
interference ratio (SN/R) of 10dB is required for each user,
resulting in a cluster size of 3 or more (N>=3) for sector
cells.
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Figure 4 Reuse distance and cluster size in a conventional cell pattern
Sekil 4 Geleneksel hiicre oriintiisiinde kiime boyutu ve yeniden kullanim mesafesi
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Kapasite artisi farkli yollarla gergeklestirilebilir. Bu
yollardan olast bir tanesi parazit azaltilmasi igin uzaysal
filtreleme (SFIR) olarak adlandirilabilir. Bu suretle ayn
tastyic1 frekanslara sahip baz istasyonlarini, ihtiyag
duyulan SINR gereksinimi kuralin1 ihlal etmeden,
birbirlerine daha yakin hale getirebiliriz. Bu durumda
kapasite artigi, yeniden kullanim faktoriinii azaltir
diyebiliriz.

The increase in capacity can now be accomplished in
different ways. One possibility is so-called spatial filtering
for interference reduction (SFIR). Thereby, we can put
base stations with the same carrier frequencies closer
together, without violating the requirements for the signal-
to-interference ratios. The increase in the capacity is then
the decrease in the reuse factor.

Conventional cell pattem
IGeleneksel hicre Grintsd

Cpatial filtaring
Mzaysal Filvelenmis Grinti

Figure 5. SFIR reduces cluster size N for TDMA/FDMA systems
Sekil 5. TDMA/FDMA sistemleri i¢in SFIR kiime boyutunu N’ e diigiiriir

Alternatif bir metot ise uzay bolmeli ¢oklu erigim (Space
Division Multiple Access=SDMA) olarak adlandirilir. Bu
metot ile yeniden kullanim faktorii geleneksel sistem ile
karsilastirildiginda degismeden kalir. Bununla beraber, bir
hiicre iginde ayni tasiyici frekans ve ayni zaman aninda,
birden fazla kullaniciya servis saglanabilir. Tipik olarak
ayni hiicrede aym1 anda ¢ kullaniciya kadar arama
saglanabilir. Eger kullanicilar birbirlerine ¢ok yakinsa o
zaman farkli frekansta erisim saglanir. SDMA igin olast
kapasite kazanglar1 uzaysal filtrelemeden daha biiyiiktiir.
Ancak baz istasyonunda ihtiya¢ duyulan degisimler ve baz
istasyonu i¢in kullanilan yazilim olduk¢a kapsamli,
karmasik ve giigtiir.

An alternative approach is the so-called space division
multiple access (SDMA). With this method, the reuse
factor remains unchanged compared to the conventional
system. Rather, several users can operate within one cell
on the same carrier frequency and the same time slot. They
are just distinguished by their position. Typically, up to
three users can be served simultaneously in one cell. If
they get too close, a hand-over to a different frequency or
timeslot is done. Possible capacity gains for SDMA are
even larger than for spatial filtering. However, the required
changes in the base station and base station controller
software are more extensive and complicated.

Camentional cell pattem
IGelaneksel hicre Grintisi

Smart Antennas for SOM&S
ISDMAigin akall antenler

Figure 6. SDMA enables several users on the same time/frequency slot in one cell
Sekil 6. SDMA bir hiicre icinde ayni frekans ve zaman aninda bir¢ok kullaniciya erisim imkani saglar
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3. CDMA iCiN AKILLI ANTENLER

Kod bolmeli ¢oklu erisim (Code Division Multiple
Access=CDMA) metodunda kapasite kazanci biraz farkli
yollarla etkisini gosterir [6,7]. Tim hiicreler ayn1 tastyict
frekans: kullanirlar. Kullanicilar 64 bitlik farkli kodlarla
birbirlerinden ayrilirlar. Her hiicredeki kullanici sayisi,
kullanicinin  diger kullanicilar iizerinde olusturdugu
parazit etkisinden dolay1 smirhdir. Istenilir kullanict icin
uyarlanabilir anten Oriintiisiiniin ana 1ginmin belirlenmesi
ile, akilli antenler diger kullanicilarin parazit etkisini
arttrmadan bir kullanict igin ihtiyag duyulan SNIR

3. SMART ANTENNAS FOR CDMA

In a code division multiple access system (CDMA
system), the capacity gain is effected in a slightly different
way [6,7]. All cells use the same carrier frequency. Users
are distinguished by their different codes, of which there is
a 64 number. The number of users within one cell is
limited mainly by the interference that each user generates
for all other users. By pointing the main beam of the
adaptive antenna pattern to the desired user, smart
antennas improve the SNIR for one user without increasing
interference for the other users.

degerini elde edebilirler.
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Figure 7. Smart Antennas in 2G and 3G CDMA systems
Sekil 7. 2G ve 3G sistemler i¢in akilli antenler

3G CDMA sistemler ile ikinci nesil (2G) CDMA
sistemler arasinda bazi farkliliklar vardir. Bu yeni CDMA
sistemi ag’a yiliksek veri iletim oraniyla erisim imkani
saglar. Bu yiiksek veri iletim oranli servisler daha yiiksek
iletim giiciine ihtiyag duyarlar. Akilli antenlerde her
kullanict ig¢in ayni anda ayr1 ayr1 anten Oriintiileri
retilebilir. Sekil 7° deki ornekte tek kullanicili durum
gosterilmistir.

3.1. Anahtarlanmis Isin Sistemleri

Akilli antenlerin, gezgin sistemlerinin performanslarini
nasil arttirdiklar1 hakkinda bilgi sahibi olduktan sonra, ¢ok
yollu yayilim ve parazite karsi nasil miicadele ettigine
iliskin detaylara donebiliriz.

Sekil 8’de goriilen anahtarlanmig 151n metodu en basit
yaklagimdir. Bir 6zel dogrusal RF ag (“Butler-matris”
olarak bilinir) ve M adet anten elemanindan olusur.
Burada ayn1 dogrultulara sabitlenmis farkli 1g1n Oriintiileri
vardir. Basit bir RF anahtar vasitasiyla, standart alict
tarafindan daha sonraki islemlerde temel olarak alinmasi
i¢in, bu sinyallerden “en iyi” olan segilir. Bu en iyi sinyal,
kaydedilen giicii en yiiksek olan ya da bit hata orani en
diisiik olan gibi kriterlere gore belirlenir. Bu yapmimn en
biiyiik avantaji sadece tek bir alici/verici dizisine ihtiyag
duymasi ve parazit etkisini etkin bigimde indirgemesidir.
Bununla beraber, konumu degisen gezgin kullanici igin
ayni seviyede SINR sunamamasi ve 1sin Oriintiileri

For 3™ generation (3G) CDMA systems there are in
contradictions to 2™ generation (2G) CDMA systems
multi-rate services available. These new CDMA systems
allow accessing the network with high data rates. These
high data rate services require higher transmission power.
Note that for each user an individual antenna pattern is
generated at the same time. In Figure 7 just the example of
a single user of interest illustrated.

3.1. Switched Beam Systems

After having discussed the general approaches how a
smart antenna can improve the performance of a mobile
radio system, we next turn to the details of how the
required combating of multipath propagation and
interference can be achieved.

The switched-beam method is the simplest approach,
which seen in Figure 8. A specific linear RF network
(called "Butler-matrix") combines the M antenna element
signals in such a way as to form different beams, looking
into certain directions. At the output, we have available N
RF-signals, one for each possible beam or direction. By
means of a simple RF-switch, we now select the "best" of
those signals for further processing by a standard receiver.
The best signal could be the one with the highest received
power, or the best bit error ratio, or some other criterion.
The big advantage of this structure is that it requires only a
single receive/transmit chain. However, beams and nulls
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arasinda anahtarlama esnasinda hattan dismeler bu
sistemler i¢in olumsuz 6zelliklerdir.

of the antenna pattern cannot be put into arbitrary
directions, but can only be chosen from a limited number
of positions.
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Figure 8. Hardware structure of a receiver with RF-beamforming - "switched beam antenna"
Sekil 8. RF 151n sekillendirici alicinin donanim yapisi “Anahtarlanmig Isin Anten”

3.2. Sadece Uzaysal isleme

Daha karmagik yapi ise sekil 9°da tanimlanan uzaysal
filtre yada tek alanli islemci olarak adlandirtlir. Alinan
sinyaller ilk olarak temel banda disiiriilir ve M alici
dizisinin ihtiya¢ duyacagi bir prosediir i¢in 6rneklenir.
Ornekler x(n), daha sonra kompleks w agirliklariyla
carpilir ve toplanir. Elde edilen sonug ¢ikis sinyali y(n)
normal bir antenden elde edilen herhangi bir sinyal gibi
islenebilir. Genel olarak, anten agirlik katsayilart TDMA
sistemde data yigmimin iletimi i¢in sabit olarak kalirlar.
Bu GSM igin de bdyledir, ancak IS-136 igin kesinlikle
dogru degildir. Bunun i¢in bazi ge¢ici agirlik katsayisi
izleme algoritmalar1 kullanilabilir.

3.2. Space—Only Processing

A more sophisticated approach is presented in Figure 9,
the spatial filter or space-only processing. The received
signals are first down-converted to baseband and sampled
- a procedure that requires M receiver chains. The samples
x(n) are multiplied with complex weights w, and then
summed up. The resulting output signal y(n) can then be
processed like any signal from a "normal" antenna. It is
usually assumed that the antenna weights remain constant
for the transmission of a data burst in a TDMA system.
This is fulfilled well in GSM, while this is not strictly true
for IS-136, and some temporal tracking of the weights
might be necessary.

Weight adaptation _ T
i~ algvu:urithm ¥(ni=x(n) w(n)
.-’-'I:'-glrl_::k adaptasyaon ®(n)=[x,(n) ... xpfnil]
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. + » autput vin)
. Foaka n . . .
o Lowqir sikis ¥(n) n(nl ... m-th antenna signal ¢/ m-th anten sinyali
] .
xM{n}: f\é | Wi, kn) . antenna weight for
rm-th antenna elemment / m anten elernani
Structure of antennas with spatial filtering igin anten adirlklan
fUzavysal filtrelenmis antenlerin vapisi

Figure 9. Hardware structure of a receiver with space-only processing
Sekil 9. Tek alanli islemci alicisinin donanim yapist
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3.3. Isin Sekillendirme

Isin sekillendirme durumunda (8,9), ilk olarak, biitiin
¢ok yollu bilesenlerin gelis agis1 (DOA) kestirilir. Daha
sonra, istenilir sinyal kaynagindan ve istenmeyen parazit
kaynaklardan gelen sinyallerin DOA’lar tayin edilir. Bu
islem genellikle kullaniciya ait 6zel bilgiler yardimiyla
saglanir. Bu bilgi ile, uygun SINR degerini elde etmek
icin anten agirliklarini hesaplayabiliriz. Kullanilacak olan
bu anten Oriintlisii fiziksel olarak parazit dogrultusunda
sinyal yayilimmi minimize etmek suretiyle kolayca
yorumlanabilir (Sekil 10). Bu durumda anten 6riintiisiiniin
sadece istenilir sinyal yoniinde olacagi agiktir. Bu sayede
istenilir sinyal yoniinde yiiksek hizda veri iletimi daha
hizli saglanmis olur.

DA -Estirmation

3.3. Beamforming

In the beamforming case (8,9), First, we estimate the
directions of arrival of all multipath components. Next, we
determine whether the signal from a certain direction
comes from a desired user or from an interferer. This is
usually done with the help of a user identifier. With this
knowledge, we can compute the antenna weights that
optimize the SNIR, and use this pattern for the actual
reception of the data. The associated antenna pattern can
easily be interpreted physically, exhibiting nulls in the
directions of the interferers (Figure 10). The antenna
pattern can also be formed in such a way that only one of
the desired multipath components is received. This reduces
the time dispersion of the received signal, which is
desirable to achieve very high data-rates.
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Figure 10. Process of beamforming in several steps
Sekil 10. Adim adim 1s1n sekillendirme islemi

3.4. Cesitleme ve Isin Sekillendirme

Akilli antenler Sekil 11°den de goriildiigii gibi farkli bir
yolla da siiflandirilabilir: 151n sekillendirme ve gesitleme.
Cesitleme i¢in farkli anten elemanlar1 arasindaki
sinyallerin istatistiksel olarak birbirinden bagimsizlig
temeline dayanir (10). Cesitleme algoritmalarinda, SINR
degerini optimize etmek i¢in sinyaller agirliklarla bir
araya getirilir.

Isin sekillendirme igin anten elemanlart arasimndaki
mesafe daha kisadir ve bu nedenden dolayr ayri anten
elemanma gelen sinyaller arasinda fark edilebilir bir
uyumluluk s6z konusudur. Anten elemanlarinin birbirine
daha yakin olmasindan dolay: tek bir ana 151n ile anten
Oriintiisii olusturulabilir ve bdylece istenilir sinyal giicii
artirilarak istenmeyen parazitlerin giicii azaltilmis olur.

Matematiksel olarak ifadeler hakkinda
konustugumuzda, cesitleme ile 1s5m  sekillendirme
arasindaki fark her iki durumda da sinyaller dogrusal
olarak bir araya geldiginden, pek de dramatik olarak
goriilmemektedir. Buna ragmen, agirliklart uyarlama
algoritmalari birbirinden oldukga farklidir.

3.4. Diversity and Beamforming

Smart antennas can also be classified in a different way
which seen in Figure 11: whether they exploit
beamforming or diversity. For diversity, we rely
essentially on the statistical independence of the signals at
the different antenna elements (10). Diversity algorithms
combine the signals with such weights that the SNIR is
optimized.

For beamforming, which we implicitly assumed so far,
we exploit the fact that the antenna elements are close
together so that appreciable coherence between the
antenna signals is present. The closeness of the antenna
elements allows us to form an antenna pattern with a
single main beam that enhances the desired signal and
suppresses the interference.

The antenna pattern can also be formed in such a way
that only one of the desired multipath components is
received. This reduces the time dispersion of the received
signal, which is desirable to achieve very high data-rates.
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Figure 11. Difference between diversity and beamforming
Sekil 11. Cesitleme ile 151n sekillendirme arasindaki fark

3.5. Uzaysal Referans Siniflandirmasi

Bu islemin ilk adimi igin, yani gelis agilarinin tespiti
i¢in, son otuz yilda ¢esitli metotlar gelistirilmistir (11,12).

Sekil 12°de biz izgesel tabanli metotlar ile parametrik
metotlart gruplayabiliriz. En iyi bilinen algoritmalar
ESPRIT, SAGE, MUSIC, ve minimum degiginti (MVM)
metodudur.

3.5. Spatial Reference (SR) Classification

For the first step in this procedure, namely the
determination of the directions of arrival (DOAs), plenty
of methods have been developed in the last thirty years.
(11,12).

We can distinguish parametric and spectral-based
methods seen in Figure 12. The best-known algorithms are
ESPRIT, SAGE, MUSIC, and the Minimum Variance or
Capon’s method (MVM).

SPATIAL REFEREMCE (SR) CLASSIFICATION
[rethods for Diov estinn ation]]

SR algorithrs (Parameter estim ation)

/\

parametric spectral-based

N N

subspace-bazed Tl subspace-based beamforming
methods likelibood methodz
ESFRIT SAGE MUSIC M

Figure 12. Different SR algorithms for DOA estimation
Sekil 12. DOA kestirimi igin farkli algoritmalar

3.6. Zamansal Referans Algoritmalar

Agirlik tespiti i¢in kullanilan diger bir algoritmada,
sekil 13’de belirtilen, zamansal referans olarak da bilinen
ve kullaniciya ait bilgiyi igeren bir egitim dizisi kullanilir.
Burada ilk adim olarak iletilen egitim dizisinin alict
tarafindan bilindigi varsayilir ve alic1 y(n) ¢ikis sinyali ile
egitim dizisi arasindaki fark: yani hatayr minimize edecek
sekilde w karmasik agirliklarini ayarlar. Daha sonra bu
agirliklar gergek data dizisinin elde edilmesinde referans
olarak kullanilirlar (13,14).

3.6. Temporal Reference (TR) Algorithms

Another approach for the weight determination is the
use of a training sequence, also known as "temporal
reference" algorithms, which described in Figure 13. In the
first step, the training sequence which is known to the
receiver is transmitted, and the receiver adjusts the
complex weights W in such a way that the difference
between the sum signal y(n) and the training sequence is
minimized. Then, those weights are used for the reception
of the actual data (13,14).
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Zamansal referans metodu, hem ¢esitlilik hem de 151
sekillendirme metotlarinda kullanilir. Diger yandan DOA
kestirimi daima 1s1n sekillendirme ile birlikte kullanilir.

Training phase
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The temporal-reference approach can be used in
conjunction with both diversity and beamforming
methods, although it is more common with the former.
DOA-estimation, on the other hand, is always used
together with beamforming.
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Figure 13. Deviation of array output from transmit signal is minimized
Sekil 13. Gelen sinyalden dizi ¢ikiginin tiiretilmesi ve optimizasyonu

3.7. Kor Algoritmalar

Bu algoritma, ne alic1 anten dizisinin 6zelliklerine ne de
egitim sinyal dizisine ihtiya¢ duyar (15,16). Zaman etki
alaninda anten elemanlarinda kaydedilen sinyal giris
olarak 6rneklenir (X dizi ¢ikis data matrisi gibi). Buradan
yola ¢ikarak, algoritma bilinmeyen H kanal yanit
vektoriinii ve yine bilinmeyen S iletim datasini tam olarak
bulmaya calisir.

Temel olarak, X’in ayrigtirilmasi i¢in birgok olasilik
vardir. Algoritma iletilen sinyalin yapis1 hakkinda ek
bilgiyi kullanir. Bu ek bilgi aslinda data bitleri degil
iletilen sinyalin zarf, genlik karakteristigi gibi bilgilerdir
ve bu yolla HxS’nin ayristirilmast bize gosterir ki S
gercekten sabit zarfa sahiptir. Bunun yaninda modiile
edilmis sinyale ait periyodiklik, ya da sembol yapis1 gibi
farkli istatistiksel baz1 6zellikler de kullanilir.

Glinimiizde bu tir algoritmalar, ger¢ek zamanlh
kablosuz haberlesme i¢in ¢ok fazla hesaplama
karmasikligr  gerektirirler. Bununla beraber egitim

dizisinin de kullanimi ile gerceklestirilen ve yari-kor
algoritmalar olarak adlandirilan sinifta veri iletim hizi
istenilen seviyeye ¢ekilmistir.

4. TARTISMA VE SONUC

Buraya kadar anlatilanlar kisaca onemli noktalar ile
tekrarlanirsa, akilli antenler sinyalin zayiflamasini azaltir
ve buna neden olacak parazit etkisini ortadan kaldirir. Bu
nedenle mevcut kablosuz haberlesme sistemlerinin
kapasitelerinde bir artig saglar. TDMA/FDMA sistemler ya
uzaysal filtreleme ile yeniden kullanim faktoriinii azaltir
ya da aynmi zaman/frekans araliginda bir hiicrede birden
fazla kullaniciya servis saglarlar. CDMA yapist igin ise
SINR degerinin artis1 direk olarak ayni hiicre ig¢indeki
kullanicilarin sayisindaki artis1 saglamis olur.

3.7. Blind Algorithms

An algorithm that exploits neither a training sequence
nor the properties of the receiver array is called a "blind"
algorithm (15,16). Essentially, it has as its input the
received signals at the antenna elements sampled in time
domain, i.e. the array output data matrix X. From this, the
blind algorithm tries to extract the unknown channel
impulse response H and the unknown transmitted data S.

In principle, there are many possible decompositions of
X. The algorithm uses additional knowledge about the
structure of the transmitted signal. Even though it does not
know the actual bits, the receiver knows e.g. that the
transmitted signal must have a constant envelope, and thus
tries to find that decomposition of HS where S really
exhibits a constant envelope. Also other statistical
properties of the modulated signal, like the finite alphabet
of symbols, or even cyclostationarity, can be used.

Currently, all blind algorithms require too many
computations to be applied in real-time to mobile radio.
But the use of training sequences in so-called semi-blind
algorithms speeds up computation considerably.

4. RESULTS AND CONCLUSION

Summarizing, we have shown how smart antennas
reduce fading and suppress interference. This in turn
allows the increase in capacity of existing or future mobile
communications networks. In TDMA/FDMA systems, we
can either decrease the reuse factor with spatial filtering,
or serve several users in one cell on the same
time/frequency slot. For CDMA structures, the
improvement of the SNIR directly allows the increase in
the number of users in a cell.
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Figure 14 .Blind algorithms uses general properties of the transmit signal
Sekil 14. iletilen sinyalin genel 6zelliklerini kullanan kér algoritma

Bu ¢alismamizda daha sonra anahtarlanmis 151, uzaysal
islemci yada uzay-zaman islemcisi olarak adlandirilan
farkli alic1 yapilarmi incelendi.

Daha sonra agirlik tespiti i¢in kullanilan algoritmalart
uzaysal-referans, gegici-referans ve kor algoritmalar
olarak smiflandirildi. Bunun igin ilk olarak anten dizi
geometrisi hakkinda bilgiyi kullanildi. Tkinci olarak egitim
dizisi kullanildi ve son olarak da iletilen sinyalin

We then presented the different receiver structures,
namely switched beam, spatial processing, and space-time
processing.

The used algorithms for weight determination can be
divided into spatial-reference, temporal reference, and
blind algorithms. The first use knowledge about the
geometry of the antenna array, the second use a training
sequence, and the last employ knowledge about the

istatistiksel ve yapisal Ozellikleri hakkindaki bilgi structural and statistical properties of the transmitted
kullanildi. signal.
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