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Beam-Selection Performance Analysis of
a Switched Multibeam Antenna System
In Mobile Communications Environments

Tadashi MatsumotdSenior Member, IEEESeiji Nishioka,Member, IEEEand David J. Hoddemyiember, IEEE

Abstract—The probability of incorrect beam selection (PIBS) improvement with a base-station antenna array for a code
with a switched multibeam antenna system is theoretically ana- djvision multiple access (CDMA) mobile communications
lyzed under power-limited and interference-limited mobile com- system

munication environments. Periodic transmission of unique word . . .

sequence followed by information symbol sequence is assumed. One major drawback of the adaptive beam-forming array
The model of beam selection used in this paper is based upon aantenna is that given the number of array elements, the beam
simple three-stage mechanism: 1) signal validation; 2) averaging; gains are subject to the users’ geographical locations: the
and 3) selection of the largest output. Complex correlation peaks shorter the geographical distance between the desired user and

corresponding to the unique words, detected by the matched filter . : :
for the signal validation, are averaged over several consecutive interferers, the smaller the beam gain. This problem can be

unigque words, and a beam having the largest output is selected. €liminated by adaptive signalombining[4]-[6] rather than
Equally weighted noncoherent integration is assumed for the beamforming The array antenna system with adaptive signal
?Veraging process. The beam selection takes place frame-by-combining does not require the antenna elements to be located
rame. H H H H H

The first half of this paper is devoted to the PIBS derivation close enough to aghleve beam dlreCtIVItY’ but it _reguwes them
for a simple switched two-beam antenna system. Numerical ©© P& separated in space so that fading variations on the
calculation results are then presented. The latter half of this received signals can be regarded as statistically independent.
paper investigates the impact of the incorrect beam selection on This requirement is similar to diversity reception. Reference
overall average signal-to-noise (SNR) power ratio and signal-to- [7] derives, given a number of antenna elements, the number of
interference (SIR) power ratio. The amount of the overall SNR 0 forers the array can suppress and the equivalent diversity
(or SIR) improvement over the omnidirectional antenna depends g ) . .
on the propagation conditions. In general, larger improvements order the array achieves. With this idea, several users’ signals,

can be achieved by smaller values of PIBS. even coming from the same direction, can be resolved.

Index Terms—DPigital cellular system, switched multibeam an- Both the beam-forming and signal combining antennas

tenna, TDMA, time diversity, unique word detection. require adaptive signal processing to determine the optimal
weight coefficients that meet their criteria. In mobile commu-

nications environments, the received complex envelopes of the
desired and interference signals vary rapidly due to fading.
HE ARRAY antenna with adaptive beam forming haTherefore, the adaptive signal processing must “track” the
been recognized as being effective in suppressing cochghange in the fading envelope so that the weight coefficients
nel interference by steering nulls to interferers, thereby inalwaysmeet the optimality requirements. If the tracking per-
proving the signal-to-interference (SIR) power ratio on thi@rmance with the adaptive algorithm is not sufficient, antenna
desired signal component. In cellular configurations, this glerformances may degrade.
lows cochannel interferers to be located in cells closer toOne simple alternative to the adaptive antennas is the
the reference cell than those with omnidirectional antennasvitched multibeam antenna system, in which several narrow
or even in the same cell. References [1] and [2] analyze theams are used to cover the entire coverage of the base station
capacity enhancement achieved by a base-station array antggpaA beam receiving the desired signal with the highest
system with adaptive beam forming and discuss a practigijnal strength among the beams is selected. Even with this
antenna configuration. Reference [3] analyzes the capaGifihple mechanism, the spectrum efficiency of the cellular
system can be improved. This is because the narrower the
Manuscript received April 21, 1995; revised October 11, 1995 and Februd?f @M the smaller the probability that interference signals are
28, 1996. réceived by the same beam selected for the desired signal. A
T. Matsumoto was with NTT America, Inc., Lafayette, CA 94549 USAgjmilarity may be found between this concept and sectored
He is now with NTT Mobile Communications Network, Inc., Yokosuka,CeII configurations. However, the switched beam antenna does

Kanagawa 239, Japan. : .
S. Nishioka was with NTT America, Inc., Lafayette, CA 94549 USA. Hot require a handoff process, even if a user moves to another

I. INTRODUCTION

is now with NTT America, New York, NY 10178 USA. beam. Handoff to aifferent carriermay be initiated if none of
D. Hodder is with Telecommunications Group, Inc., Houston, TX 7700‘11 . . . .
USA. the signals received by any beams does not satisfy a quality
Publisher Item Identifier S 0018-9545(97)01308-X. requirement.
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Desired Signal on Path #1 the matrix with the quadratic form are needed to calculate
Interference on Path #1 the PIBS. Some numerical algorithms may be applicable to
Interference on Path #2 i Desired Signal on Path #2 the eigen analysis. Section IV presents, for the quaternary

phase shift keying (QPSK), numerical calculation results for
the PIBS under various propagation environments. In Section
V, the impacts of the incorrect beam selection on the overall
SNR and SIR enhancements are discussed.

Uy

Il. SYSTEM MODEL

A. Channel Model

There is one desired user and one cochannel interferer in
Horizontal Angle the system being considered. The base station has a switched
two-beam antenna system. Each antenna’s main beam covers
a separate area, but its side lobe overlaps another main beam'’s
. . .coveragé. Each of the desired and interference transmissions
The beam selection takes place using a sequence of unigue . .

words periodically embedded in the transmitted symbol sea> two propagation paths: one goes to one of the two

guence, and the sequence received by the selected bearz)l}elrsnents main beams and the other goes to the other. As

output. Each antenna element is followed by a filter match ownin Fig. 1, main beams and their side lobes have complex

to the unique word waveform. Simple signal processing usig) am gains oty;;", wherei andj each take values of one or

.o 1] ’ . - .
the outputs of the matched filters suppresses the effect of in 0. 4 indexes the antenna elemegitexpresses the direction
ferences on the beam selection. This process is referred te

esth element’s main beam, ard) expresses each user’s
“validation” for convenience. However, this signal validatiorﬁ'?t

propagation path.
process may not be perfect. Hence, a major problem inherenl[t s assumed that the two propagation paths for each
within the switched multibeam antenna system is incorre

per are subjected to independent frequency-flat Rayleigh
beam selection; a beam receiving a desired signal compon ing. Fading variation with the desired signal is statistically
having the highest SIRplus noise power ratio cannot be

independent of that with the interference. A block diagram of
selected. Therefore, a pragmatic consideration should be giVBf Multipath channel and antenna system is shown in Fig. 2.
to two issues: how frequently the incorrect beam selectiitPut samples,

(1) and »2) of the first and second elements
happens under various mobile propagation scenarios and H&» respectively, be expressed as

Fig. 1. Propagation scenario and antenna gains.

serioys the outcome_is that results from the incp_rrect_selection. Zﬁ) _ a<111>z(<zi>3k + a§12>2£1k>w + a§21>222k>uk

This paper theoretically analyzes the probability of incorrect 2 (2) o
beam selection (PIBS) with a switched multibeam antenna + Qg Zgp Sk + Zng @.1)
system. A two-beam antenna is assumed for simplicity. It &nd
assumed that there is one desired user and one interferer and de) - 04<211>Z(<1i>3k + a§12>2£1k>“k + affzf,fw
that each of the desired and interference transmissions has (2) (2 2 (1.2)
two propagation paths: one goes to one of the two beams and T Q22 2y Sk ¥ P, :
the other goes to the other beam. It is shown that the PIRere () = - (k7,), 22 = 22 (kT2), with 2{P () and

is dominated by the power ratio of the two desired signg(ki2> (t) being, respectively, the fading complex envelopes with

components; if the ratio is small, a relatively high PIBS resultﬁﬁ.Ie desired user's first and second path%> _ 7r<1>(kT)
The impact of the incorrect beam selection on overally — LT with 22 () and 2 (¢ b"' N t'S;

average signal-to-noise power ratio (SNR) and SIR power rafjes — *» (KT;), with 2" (t) an “u (®) €ing, resp’ec Ve,

is then investigated. It is shown that in both the power-limite%i'e fading complex envelopes with the interferer's first and

and interference-limited environments, larger overall SNR (gpcond paths, a_rﬂiis is the sampling perio@k = (kL) _and
SIR) improvements over the omnidirectional antenna can Eﬁz = w(kT;), with s(t) and u; = u(t) being, respectively,

achieved with smaller values of the average PIBS. The amo e desired user’s and interferer's waveforms at the receiver
of the improvement depends on the power ratios of both t 'ger output. We assume that the difference in the propagation

two desired signal components and two interference sigﬁjaqlay between the tWO_ propagation(lr;aths (if) small enough
components. compared to the sampling peridfl. z,; = 2 '(k71,) and

This paper is organized as follows. Section I presenzgk) = 2D (KT,), with 2 (¢) and 2 (t) being, respectively,

the system model used. A mathematical model of the sithe filtered Gaussian noise components on the two antenna

nal processing for the signal validation and beam selecti§lfement outputs.

IS qescr'bed' .In Section I, it '_s shown that the decision 1The beam pattern itself is not within the scope of this paper; the two-

variable used in the beam-selection process can be express@eh configuration assumed in this paper is the model for the PIBS analysis.

as a quadratic form of the complex random variable vectByactual base stations, antenna beams may have more complex patterns; even
ised of desired. interf d . t main beams may overlap each other. The PIBS derivation process described

comprised of desired, Interierence, and noise COmMponenty,gy;g paper can be applied to that situation and should result in similarity in

the matched filter output. This implies that eigenvalues @fe performances.
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Element

Si
goal Output #1

s(t)

zp (1)

Interference
u(t)

Fig. 2. Block diagram of multipath channel and antenna system.

B. Beam Selection substituting (1.1) and (1.2) into (2.1). For tkl unique word,
A block diagram for overall signal processing for the beaf!® Mmatched filter outputs become
selection is shown in Fig. 3(a). The overall signal processing is LD @0 Wy 2) ()
comprised of three stages: 1) signal validation; 2) averaging; " 1 e 12 Zmu 1L Pmu
and 3) selection of the largest output. The signal validation + 04<12>Zr<m>1 + 77(71% (3.1)
process uses a sequence of unique words periodically embged
ded in the transmitted symbol sequeRdeig. 3(b) shows the 22 = Q400 L D AL L 2 (2)
frame format. The symbol sequence received by the selected ! 2L <2’>"d<2> 22 T TRl S
beam is output frame-by-frame. The unique word consisfs of + oy Zp + 2 (3.2)
symbols. Sampling of the receiver filter output takes plate h
times a symbol. Hencel'/T; = M, whereT is the symbol where
duration. 7T<71;(>1 — sz> rt, (3.3)
Each antenna element is followed by a matched filter B _ ()t 34
matched to the unique word waveform. A simple configuration Fmu = P Fsu (34)
of the matched filter is shown in Fig. 3(c). The sampland
sequence is the input to the matched filter. It is assumed that z() =zt (3.5
the receiver knows the timing at which the desired signal’s
unique word is received, but it does not know the interfererith
transmitted symbol sequence. The interferer's symbol timing P [7<p> LB ] (3.6)
is asynchronous with the desired signal’'s symbol timing. d dl - 7d2 “dLM )
The matched filter output at that timing can be expressed as 7 = [sz’i> sz; e 782 Al (3.7)
2() = z(Dst* (2.1) zf) = [z,(ff 757(32) Zr(LZgM (3-8)
Tss =[$18] S285 -+ SLMSLMm] (3.9
where Psy =[u1sT w28y -+ uLm STl (3.10)
z,(,i) = [21(,? 21(,12) zf,zL)M (2.2) rs=[s} s5 - siuml (3.11)
s=[s1 s2 - s (2.3) i=1---2,andp =1---2.

i =1---2indexes the element number, ahdnd = denote  The best performance should be achieved by the coherent

filter output for the two antenna elements can be obtained B{gn Sums them up. This process requires estimates of the
complex fading envelope, for which some adaptive algorithms

2periodic unique word transmission is a popular technique in digit@hay be used. This is beyond the scope of this paper. One
mobile communications systems. The unique word is usually used for manh/,n | | . h . in fadi h |
purposes such as radio link control, timing adjustment, quality checking, a_ﬁ ple alternative to the averaging process In fading channels

equalization. is noncoherent integration: the squared matched filter output



MATSUMOTO et al: BEAM-SELECTION PERFORMANCE ANALYSIS 13

Validation | Averaging |
From Element
Matched Filter
Quiput #1 © forDesuedSlgm]s m (”K)Z(')
Unig i=1
Select
Largest ™
From Element Matched Filter K
Output #2 © for Desired Signal's m K) ¥ ()
Unique Word i=l

Information Information
Unique W:)r‘d ___________
[ % [ s [ ------- [ s |
s, 53 Unique Word Wave Form

[ O)

LT T ] - -

* * *
StM o 1Seme1{SE e

hX

-
Output 7‘1(])

©

Fig. 3. (a) Block diagram for overall signal processing for beam selection, (b) frame format, and (c) matched filter for the unique word waveform.

zl(i)zl(i)* is equally weighted and summed upver several the decision variabld) = {z"2{* — 2,1 /2 is found
consecutive unique words. The noncoherent combiner outpoitbe expressed as
D can then be expressed as

tx
4 K D= ZR2Z (6.1)
D(z) — Z ZI(Z)ZI(Z)* (4)
where
where K is the averaging times. The decision on the beam SRR CO R/ N CS S O e
selection is made based on the decision variable given by 2=[tmg Zmu Fmd Fmu Zmn el (62)
DO _ p@ and
- = (5) R— Ri:1 Rp 6.3)
2 R Ro '

If D > 0, the beam corresponding to the first element is
selected. Otherwise, the second beam is selected. as shown in (6.4)-(6.6) at the bottom of the page. Hence, it

is found that the decision variabl® can be expressed as a
guadratic form of the complex random variable vecior

The desired signal and interference componeﬁﬁ and
A. One-Shot Observation 20 (p =1 .- 2) at the matched filter output in (6.2) are the
sums of the fading complex envelopes, as shown in (3.3) and
{3.4), respectively. Hencez,fnfi and ~{¥), become zero-mean

, hdependent complex Gaussmn processes with variances of
The signal validation and noncoherent integration process is analog _ P) t* _ (p) .t

with the energy detection of the supervisory audio tone (SAT) used in t%?md f> Rd rg; and <|7m“| ) = Ts uRal rsu’ where
advanced mobile phone service (AMPS) system for cell identification [11]. R ) and R are, respectlvely, the correlation matrices of

Ill. PIBS DERIVATION

For the derivation of the PIBS, a special case wifth= 1
is first considered for simplicity. After several manipulation
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the fading complex envelopes with the desired users afuhction ¢(s) = (¢~*P) can be expressed using the matrix
interferer'spth paths. LetRf}”> andR” be denoted by R, given by (6.3) as

r 1
pL,1 tt PLLM w(s) = (20)
PLM.A '+ PLM.LM where Ry, iS z's autocorrelation matrix given by (11), as

and shown at the bottom of the page. The characteristic function

[ a1 0 p LM given by (10) can be rewritten as

R =202, ; (7.2) (5) = ﬁ 1
\HLM, 1t RLM,LM i) = 14+ sk

m=1

(12)

where fork = 1.-- LM, o3, = %(|z(<£>|2> = D, and where),,’s are the eigenvalues of the product malR¥ R, .

onp = %(|zfﬁf|2> = U,, with D, being the average desiredS0me numerical algorithms may be used to obtain the eigen-
signal power of thepth propagation path an@,, being the Vvalues. The probability density function (pdf) 6f andp(D)
average interference power of th¢h propagation path. If can be calculated as an inverse Laplace transfornp(ef
Jakes' fading model [9] is useg,, », = Jo(2r fpglm—n|T,) USINg the eigenvalues. The probabilities that 0 andD < 0

and pi, » = Jo(27 fpu|m — n|T;), where fpg and fp, are €an then be calculated using the pdf.

the maximum Doppler frequencies for the desired user andNote that if the eigenvalues are distinct, (12) may be

interferer, respectively, andy(e) is the zeroth-order Besselrewitten as [10]

function of the first kind. 6 A
The noise components,’s at the matched filter output o(s) = Z ~ (13)
in (6.2) are the sums of the samples of the filtered Gaussian g L5

; : i), ]
noise, as shown in (3.5). Henqé,nsalso becom_e zero_meanWhtere A,'s are the residues ofs(s). In this case, the
independent complex Gaussian processes with variances_ 0 .

@2 (2 2y o : . probability of D > 0 can be calculated as
(|zn]?) = {Jzmn|") = rsRarl*, whereR,, is the correlation

matrix of the filtered Gaussian process. Rt be denoted by 6
$1,1 0 PLLMm m=1
O ®) s
¢rm,1 0 QLM LM B. Multiframe Observation

whereg? — %<|Z(lk)|2> _ %<|Z(2k)|2> — N, with N being the In the case ofK > 1, an additional index is used to

noise power. If the receiver filter has its transfer function of'F'c>> theth unique word, where vectas, given by (6.2),
H(f), then IS rewitten as

d)rn,n = ¢(|rn—n|Ts) (91)

with ¢(7) being the autocorrelation function of the filtere
noise given by

W 0 @
mdl “mul “mdl “mul “mnl “mnl

7=z 2) 2 1) (2 (15)
therezﬁflz” andzf,?ul are, withs = 1 - . 2, thei4th path com-
ponents of the desired signal and interference, respectively, in
the matched filter output at théh unique word timingz(z)

mnl

Y 2 . is the noise component in th#h element output. Using;,
(r) = /_Oo [H(DI” exp{j2mfr}df. (9-2) the decision variable given by (4) can also be expressed in a

. . . guadratic form as
Since (6.1) is a quadratic form of the complex random

variable vectorz, the decision variableD’s characteristic D= %zt*Rz (16.1)
- 1 1 1 1)x% 1 1) 1 2) % 1 2) % 1 2) % 1 2)%
|041<L1>|2_|04§%>|2 04§1>04§§> a§>o¢§2> O‘%B“%; _04<1>04<2> aiﬁaiﬁ 04<1>04%1>
a(l)*@(l)_@(l *a<1> |Oé<1 |2 |Oé 1>|2 Oél>062>*—04 1>Oé 2)% Oél>Oé 2)*_@ 1>Oé 2)*
R, — |%11 %12 21 (oo 12 22 12 12 22 (oo 12 %11 22 (o1 (6.4)
IS (Lyx (2) _ (Lx_(2) (Lx _(2) (L= (2) (212_1,(2)2 (2) (2)x_ (2) (2)*
OBTNR MR TOR.CE dmllegl,czay Tegsh
Lvjy Qg —Cgp Qg Qpp — Qoo 1 Qup Qqp —Qgy Qo oy |2_|0421 |2
e o) o oY 65
Ry = 5
Lol —af) —af) -af)
and )
1 0
Roo = o0 -1 (6.6)
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quaternary unique word pattern at every unique word timing,
and the interferer transmits a quaternary random sequence, but
the interferer’'s symbol timing is not synchronized with the
desired user’s. A Nyquist raised cosine transfer function was
used for an overall filter response that is shared equally by the
transmitter and receiver. The overall filter response waveform
h(t) is given by

() e ()

t 2
Horizontal Angle v 1 2at
15 T,

wherea is the rolloff factor. This waveform is equivalent to
the autocorrelation functiog(r) of the noise component at

(18)

Fig. 4. Propagation scenario for numerical calculations.

where ) :
the receiver filter output.
z2=1[2z1 22 - ZM]| (16.2) Prior to the PIBS calculations, the effects of timing offset
and AT, per-symbol sampling timed/, and the power ratio of
R 0 .-- 0 the two interference component; /U,, were evaluated. It
. 0 R : was found from the preliminary calculations that the PIBS is
R=|. ) . (16.3) insensitive to these factors, and, therefore, in the following
: -0 PIBS calculationsM = 1 andU; /U, = 0 dB were assumed.
0 .- 0 R For a fixed desired signal’s unique word pattern, PIBS was

The pdf of D can be obtained through the characteristiealculated for various interference waveforms corresponding
function approach by usin®& andz’s autocorrelation matrix to the random symbol patterns having symbol timing differ-
Rg, = (2*2) instead ofR and Ry, in (10), respectively, ence AT from the desired signal and then averaged. This

where the size oR,, becomes & x 6K. process was repeated for other unique word patterns and
further averaged. It is assumed thgt = 10 dB, 6> = —10
IV. NUMERICAL CALCULATIONS dB, 6, = 0,0, = 7, anda = 0.5.

Fig. 4 shows the model used in numerical calculations.At
is assumed that the desired user’s first path has the sam
incoming direction as the interferer’s second path (in this case/n power-limited environments{y — 0 and Uy — 0.
alt = ol and ol = of?), and the desired user's second he average SNR' on the omnidirectional antenna becomes
path has the same incoming direction as the interferer's fitst= (D1 + D2)/N. Fig. 5 shows, for the averaging times

path @<212> — a§22> andoél; _ a§22>). Furthermore, we assumeX = 4, the average Ffro(l:D < 0) versus the average
for simplicity SNRT on the omnidirectional antenna, with the power ratio

<1> W @ @ . D, /D, and th_e desired signal’s maximu_m Doppler frequency
)y =y =) =ay) =gexp(—jbn) (17.1) fp,T, normalized by the symbol duratiofi as parameters.
and The average Prald) < 0) decreases as the average SNR
S e T ¢ N ¢ . increases. This decrease in P(d@b < 0) is more rapid with
i =gy =iy =ay = géexp(—jb) (17.2) fpaTs = 0.01 than with fDdTE - 0.) This is because of
where g exp (—j6,,) is the main beam’s complex gain andhe time—diversity improvement inherent within the averaging
g6 exp (—j6;) is the sidelobe beam’s complex gajnis the process. As the average SNR becomes large, the decrease in
main beam’s amplitude gain, aids the sidelobe attenuationProb(D < 0) plateaus. This floor in ProtD < 0) is due
factor. to D/D,; even for a sufficiently large value df, a beam
QPSK is assumed for a modulation scheme. Unique worgceiving the desired signal component on the second path is
length L and frame length are, respectively, assumed to bkely to be selected if the second path component has a large
4 and 256 symbol long. The desired user transmits a fixsijnal power.

ePower—Limited Environment

_ré’gRgL> Tss 0 o 0
0 rt* Rr,,

tx {2) .
Rdu — <Zt*Z> — I‘SSRd Tss . . (11)
: ri* pr Tsu

r*R,rs 0

0 . 0 r*R,rs
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1076 :
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Umquc.Word =4 Symbols Frame Length = 256 Symbol
Averaging over 4 Unique Words Unique Word = 4 Symbols
1 Sample/Symbol 1 Sample/Symbol
) Average SNR I'=20 dB
Fig. 5. Average PraD < 0) under power-limited environment. fpTs=0.01

) Fig. 6. Average ProtD < 0) versus number of unique words for averaging
Fig. 6 shows, for the average SNR= 20 dB andfp,7s; = under a power-limited environment.

0.01, the average Prald < 0) versus the numbe#/ of the
unique words for averaging, with; /D, as a parameter. The
time—diversity improvement achieved by the averaging process 100

can be seen clearly in the plot of the average P 0). e EOTEE LS S
However, forD,/D, = 3 dB, the decrease in the average 1071 gasm ~
Prob(D < 0) is very slow, and, hence, averaging is not A 1048
effective. 5 1072 \ """"""" 20dB
A F 10dB
£ 1073}
B. Interference-Limited Environment %‘: : \
In interference-limited environment&y — 0. The average & 10_4; \ Tty Te=0.01
SIR power ratioA on the omnidirectional antenna becomes ;ﬁ _53 N : g Ts=fpgTs—0.0
A = (Dy + Dy)/(Uy + Uy). Fig. 7 shows, forK = 4, the 10
average ProbD < 0) versus the average SIR on the of \
omnidirectional antenna, witlD;/D; and the desired and 10k
interference signals’ normalized maximum Doppler frequency St _ D/D)=20 dB ]
fpaTs = fp.T, as parameters. The similarlity to the average 07 10 20 30 ‘ 40
Prob(D < 0) in the power-limited environment can be seen Average SIR [dB]
in the performance in the interference-limited environment.
The time—diversity improvement can be obtainedif/ D, is Interference Limited Environment (T'—>e)
large andfpaTs = fpuTs > 0. I?rlz)ifliléLcngth:256 Symbol
The average Prgl) < 0) versusD; /D, is shown in Fig. 8 Unique Word = 4 Symbols
for K = 4 and A = 20 dB, with fp4Ts; = fp.ds as a Averaging over 4 Unique Words
parameter. AsD; /D, increases, the average Pfdb < 0) ;(S)?r“lﬁfgyc;’fﬁzi
reduces. If fpsTs = fpuTs = 0.01, this ProblD < 0) Uy/Uy=0dB

reduction is in proportion t¢.D;/D-)~*. This indicates that

the equivalent diversity order of four can be achieved withg- 7. Average ProD < 0) under interference-limited environment.
K = 4. This is because with the frame length of 256 symbols,

the fading variations at the four unique word timings are

statistically independent fofp,Zs = fpu.ls = 0.01. If improvement is achieved; the Prab < 0) reduction is in
fading is very slow {p,Ts = fp.Ts — 0), no time—diversity proportion to(D;/D2)~*.
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Fig. 8. Average ProtD < 0) versusD1/Ds.
Fig. 9. Average ProtD < 0) versus number of unique words for averaging
under interference-limited environment.

Fig. 9 shows, forA = 20 dB and fpqTs = fp.Ts = 0.01, _ .

the average Prol) < 0) versus the averaging timek, The gainIo/I' in the average overall SNR', over the

with Dy /D, as a parameter. The time—diversity improvemes@mnidirectional antenna’s average SNIRhen becomes

achieved by the averaging process can clearly be seeninthe T, (1 — P)g2(k + 62) + Pog?(k62 + 1)

plot of the average Prdld < 0); however, for a small value T~ . (20)

k41
of Dy/D,, averaging is not effective. ) ) )
Fig. 10 shows the gaid’'y/I' in the average SNR versus

v = D1 /D>, with the average PIBS as a parametergor= 10
5 .
V. DISCUSSIONS dB andé? = 10.dB. /T andTy/T are also plotted. It is '
_ o _found that the gain on the correct beam increases, and the gain
Let us assume that fading envelope variations with thf the incorrect beam decreasedny D, increases. The gain
desired and interference signal components received by #iethe correct beam approaches its maximung®of 10 dB.
selected beam are independent of the beam-selection procggg. gain on the incorrect beam approaches its minimum of 0
This assumption is not always correct. However, if the framgs. Even with PIBS= 0.5, the gain is around 7.3 dB for all
length is sufficiently large compared to the maximum Dopplee values ofD, /D,. With PIBS < 0.5, the gain is between
frequency, this assumption is a reasonable approximation.7r 4B and the gain on the correct beam. Hence, in power-
this section, impacts of the incorrect beam selection on thgited environments, an SNR improvement of over 7.3 dB
average overall SNR and SIR are investigated. can be achieved with? = 10 dB andé? = —10 dB, even if

the average PIBS is relatively large.

A. Power-Limited Environment

) B. Interference-Limi Environmen
Average SNR’s on the first and second element outputs are terference ted onment

Iy = (¢°Dy + ¢262D,) /N andTy = (¢262D; + ¢2D5)/N, SIR’s on the first and second element output Are =

respectively. IfI'; < I';, the first element has the correct(Dl+52_D2)/(52U1+U2) andA; = (6°D1+D2) /(U1 +6°Uy),

main beam. This condition is equivalent to > 1, where respectively. IfA; < A, the first element has the correct

x = D) /D,. Hence,averagePIBS = averageProb(D < 0) Main beam. This condition is equivalent k& > 1, where

if 5 > 1. For the average PIBS d?,, the average overall SNR % = D1/D; andv = U, /U,. Hence averagePIBS = average

I, after beam selection can be approximated by Prob(D < 0) if kv > 1. The average overall SIR, after
beam selection can be approximated by

I'g= Fl(l - Pb) + 12 F,. (29) Ag = Al(l - Pb) + Ao By (22)
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Fig. 10. Gain in average SNR (dB) under power-limited environment. Main Beam Gain=10 dB
Sidelobe Attenuation = 10 dB
The gain Ag/A in the average overall SIR\, over the
omnidirectional antenna’s average SMthen becomes (A Uy/Up—>ee
Ao {1-(1-8)B}s+{P+(1-F)&} v+1 @
A {B+1-P)2w+{1-(1-862)P) k+1 4— . . . .
(22) i
Correct !3_‘3?}[‘2---_-- # _____________________
Fig. 11(a) and (b) shows the gaiky/A in the average SIR 2 P !
versuss, = Dy /Dy, with the average PIBS as a parameter for = —— U pibs=0.31 0.2, 0.1
g*> = 10 dB andé? = —10 dB. Fig. 11(a) is forl/; /U; — oo, _op
and Fig. 11(b) is forl/; /U; = 0 dB. A;/A and Ax/A are g M
also plotted versus. It is found that the gain on the correct < »
. . . s -~ ®,
beam increases, and the gain on the incorrect beam decreases: |
asD; /D, increases. The gain on the correct beam approaches &
its maximum ofg? = 10 dB. The gain on the incorrect beam “
approaches its minimum of 0 dB. It is obvious that if PIBS I
= 0.5, the gain is 0 dB. With PIB& 0.5, a positive gain can -6 T
be achieved for both cases bf /Us — oo andU;/Us = 0 A T T e
dB, and the gain fot/; /U> — oo is larger than fol/; /Us; = 0 8

dB. Hence, an SIR improvement can also be achieved in 0 5 10 15 20 25
interference-limited environments, even if the average PIBS Dy/D; [4B]

is relatively large. Interference Limited

Environment (I'—eo)

VI. CONCLUSION Uj/Up—0dB
. . Main Beam Gain=10 dB
In this paper, we have analyzed the PIBS with a Sidelobe Attenuation = 10 dB
switched multibeam antenna system under power-limited and
ir_lterference-limited mobile communication environments. A (B) U1/Uy—0 dB
simple beam-selection mechanism was assumed; complex
correlation peaks corresponding to the unique words, detected ()

by the matched filter matched to the unique word waveforrfig. 11. (a) Gain in average SIR versi /D> under interference-limited
are averaged over several consecutive unique words, anghgonment forl/Us — oc and (b) gain in average SIR versi /D
: . ! under interference-limited environment ot /U> = 0 dB.
beam having the largest output is then selected. Noncoherent
integration was assumed for the averaging process. The beam
selection takes place frame-by-frame. the desired and interference transmissions has two propagation
A two-beam antenna was assumed. It was assumed tpaths: one goes to one of the two beams, and the other goes to

there is one desired user and one interferer and that eachtha other beam. With this model, the decision variable asso-
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ciated with the PIBS turns out to be expressed as a quadrdti@y M. Schwarz, W. Bennett, and S. Steil@pmmunications Systems and
i i Techniques. New York: McGraw-Hill, 1966, pp. 468-480.

fom.] Of.the complex rand(.)m variable vector comprised ']fl A. Mehrotra, Cellular Radio-Analog and Digital SystemsNorwood,

desired interference and noise components at the matched filte€r \a: Artech House, 1994, pp. 54-55.

outputs. Hence, the characteristic function approach has been

used to derive the pdf of the decision variable.

It has been shown that the PIBS is dominated by the power
ratio D; /D, of the two desired signal components; if the
ratio is small, a relatively high PIBS results. The averaging
process itself is not effective to reduce the PIBDif/ D, is
small. Time—diversity improvements can be achieved on t
PIBS versud); /D, by the averaging process if the maximu
Doppler frequency is relatively high compared with the fra
length.

The impacts of the incorrect beam selection on overd
average SNR and SIR were then investigated, both in ‘
power-limited and interference-limited environments. Unde A communications systems. He participated in the

.. . . R&D project of NTT's high-capacity mobile
the power-limited environment, the overall SNR improvemeRbmmunications system, where he was responsible for the development
over the omnidirectional antenna is relatively large, everfithe base-station transmitter/receiver equipment for the system. From May

; ~0F ; _limi ; 1987 to February 1991, he researched error-control strategies such as forward
with PIBS= 0.5. Under the interference-limited enVlronmembrror correction (FEC), trellis-coded modulation (TCM), and automatic repeat

larger overall SIR improvement can be achieved by smallgfyuest (ARQ) in digital mobile radio channels. He developed an efficient
PIBS and largetD; /D, values if the interferer has only onenew ARQ scheme suitable to the error occurrence in TDMA mobile signal

i _ i transmission environments. He was involved in the development of a Japanese
propagation pathl(l/UQ — 00). If Ul/U2 = 0dB, the impact MA digital cellular mobile communications system. He took the leadership

of the beam selectiop on the overall S!R improvement is Smaly the development of the facsimile and data communications service units
It should be emphasized that the receiver must tolerate suchfarhe system. In July 1992, he transferred to NTT Mobile Communications

; ; twork, Inc. (NTT DoCoMo), Lafayette, CA. From February 1991 to April
SNR (Or SIR) encountered by the incorrect beam, even if tqlg%, he was responsible for research on CDMA mobile communications

PIBS (and, hence, the time during which the incorrect beagjktems. He intensively researched multiuser detection schemes for multipath
is selected) can be made very small. mobile communications environments. He was also responsible for research
on error-control schemes for CDMA mobile communications systems. He
concentrated on research of a maximwamposteriori probability (MAP)
algorithm and its reduced complexity version for decoding of concatenated
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