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Abstract—In this paper, we propose and analyze three new code (TAS/STTC) [13], [14] have been investigated exten-
transmit antenna selection schemes with reduced feedbaclate  sjvely. In addition to reducing the number of RF chains at the
requirement compared with the conventional scheme. In Schee transmitter, transmit antenna selection can keep the @ity
1, L: available transmit antennas are divided as equally as S - .
possible into two groups with consecutive antennas. The bes of mobile sets to r_mn'mum by qeploymg m_osF of the antennas
single antenna within each group is selected. In Scheme 2, lgn at the base station in downlink transmission. However, a
the best one among.; antennas is made known to the transmitter, feedback link has to be established for the scenarios where
and the other one is selected at random. In Scheme 3L; channel state information (CSI) cannot be estimated at the
antennas are divided into multiple subsets each consistingf two transmitter, such as frequency division duplexing.

adjacent antennas, and the best subset is selected. Bit ermate - - ;

(BER) expressions for the proposed schemes with Alamouti de .For the cqnventlonal transmit antenna selection schemes
are derived for independent flat Rayleigh fading channels.tiis With space-time codes, such as TAS/STBC and TAS/STTC
found that all the three schemes achieve a full diversity ordr. in [2], [9], [13] and [14], the antennas within the selected
The relative merit of each proposed scheme is delineated bed  subset are globally optimal in the sense that they are se-
on the trade-off between the asymptotic performance loss & |acted among all the available antennas without restrictio

feedback reduction, both relative to the conventional schme. We Th lected bset I ists of twi ¢ d ¢
conclude that Schemes 1 and 3 are more favorable for practita € selected subset usually consists o 0 antennas due 1o

applications, and the appropriate application scenarios e also code availability and superiority of error performance.eTh
identified. The proposed schemes enrich the choices for amiea corresponding number of feedback bits for the system with
selection system design for various feedback channel bandiths 7, transmit antennas i$log, (LQt)], where [z] denotes the
and different requirements for quality of service. smallest integer not smaller than Most of the practical
Index Terms— Antenna selection, diversity, fading channels, wireless communications systems can only provide a feddbac
space-time block code. channel with a limited bandwidth. For example, a feedback
rate of 1.5 k bits/s is allocated for the third generation (3G

|. INTRODUCTION cellular systems [15]. Therefore, it would be desirable to

ULTIPLE-input-multiple-output (MIMO) systems with develop new schemes which can further reduce the feedback
M antenna subset selection for space-time codes hdgLe requirement without sjgnificantly compromising theoer
been a subject of intense research [1], [2]. In general naate performance compared with the conventional scheme.

subset selection can be classified as receive antennaicelect \lN'th this r? bJeCt'V.e ' vr\]/g proposed three dtrsnsgm:] antenrias
and transmit antenna selection. Receive antenna seld8tien selection schemes in this paper, denoted by Schemes 1-3.

[8] reduces the number of required radio-frequency (R ese three schemes all select two ouf phvailable antennas

chains at the receiver, which leads to significant cost gwin]c r transm|35|_on. In Sche_me L. antennas are divided into
The savings come at the cost of a usually small performarﬁf\éo groups with consecutive antgnnas gquallﬂgﬁs an even

loss compared to the full-complexity system without anwmpumber, or as equally as p053|bleﬂt_|s an odd number. .
selection. The idea behind transmit antenna selectioraisath The_antenna corresponding to t_he maximal channel power gain
subset of the transmit antennas are selected for tranmmjssW'th!n each of the two groups is selected. In_Scheme 2, only
Usually space-time codes designed for a small number Bf index O_f the best one amorig antennas 1s fed back to
antennas are employed. Transmit antenna selection widespa{ € transmitter, and the other antenna is chosen at random.

time block code (TAS/STBC) [9]-[12] and space-time trellidD Scheme. 3,L; transmit antennas are divided into subsets
each of which has two adjacent antennad. lfis even, there
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engineer’s viewpoint, we would like to analyze the errowhich is the instantaneous channel power gain between-trans
performances of these three schemes, quantify the feedbadk antennai and all the receive antennas. We rearrange
reduction, and determine which scheme gives the best tidethe random variable€’; in ascending order of magnitude
between performance and feedback requirement for differ@md denote them by’;), wherel < I < L; and Cyy <
application scenarios. In the error performance analysis, C) < --- < C(y,). [ is referred to as the ordinal number
assumed that the binary phase-shift keying (BPSK) Alamowti the antenna associated with;. The transmit antenna
STBC [16] is employed in all the three proposed schemeassociated with ., is referred to as the best antenna among
Taking into account the fact that most hand-held deviceg onl; antennas.

have a single antenna in a cellular radio environment, weln this paper, we only considér,, 2; L,.) transmit antenna
mainly focus on the scenario with a single receive antensalection schemes, where two outlof antennas are selected
in the performance analysis. It is found that all the threfer transmission, and all thé, receive antennas are used.
proposed schemes achieve a full diversity order in indepeind The conventional transmit antenna selection schemes in
flat Rayleigh fading channels, as if all the transmit antenng], [9], [11] and [13] select the best two antennas globally
were used. In general, these three proposed schemes prowiflieout restriction. The two antennas, denotedbyand V,

a good trade-off between error performance and feedbamle determined by

requirement in different application scenarios. Compavéhd

the conventional antenna selection scheme, Scheme 1 ashiev {U,v}= argmax {C,+C,}, 2)

a feedback rate reduction by 1 bit for mdst at a negligible tsuwosheuzo

performance loss. Scheme 3 can reduce feedback rate by abehith means that the two antennas associated @), and

half with a performance loss upper bounded by 1.5 dB at largg;, _,) are selected. The index of the subset consisting of
L, when compared with the conventional scheme. Howevér, and V' is fed back to the transmitter, and the number of
Scheme 2 always needs one more feedback bit than Schesguired feedback bits, denoted B¥, is determined by

3 with a performance loss upper bounded by 3 dB at large

L; relative to the conventional scheme. Therefore, we reach N = [log, <Lt>1, (3)
the conclusion that Schemes 1 and 3 are more favorable in 2
practical applications. The justification ofN is included in Appendix I-A. Next, we

The major contribution of this paper can be summarizggi|| propose three different antenna selection schemeh wit

as: 1) the proposal of three novel transmit antenna sefectirtain antenna selection restrictions to reduce the nuwibe
schemes with reduced feedback rate requirement; 2) the efgxdback bits.

performance analysis of the proposed schemes; and 3) the
identification of the relative merits and application saérsa
for each scheme. A. Sheme 1

The rest of the paper is organized as follows. SectionThe plock diagram of Scheme 1 is shown in Fig. .
Il briefly introduces the channel model and describes th@tennas are divided into two groups wiffi;, and N,

three proposed schemes. Section Il quantifies the asyimpteiynsecutive antennas in Group 1 and Group 2, respectively.
conditional bit error rate (BER) of a transmit antenna selegy, and N, are calculated as
1 2

tion system where two selected antennas have fixed ordinal

numbers. Based on the intermediate results in Sectionhil, t _ _ ﬂ ;

] ) ) Ng, = Ng, , L; is even
asymptotic BER expressions for Schemes 1 and 2 are derived 2
in Section IV. In addition, the error performance of Scheme 3 7, — Ly — 17 Ng, = Li+ 17 L,isodd. (4)
is obtained by the moment generating function (MGF) method 2 2

[17]. In Section V, the trade-off between performance argbr example, if..; = 7, Group 1 will include three consecutive

feedback rate for the proposed schemes is evaluated, angennas (1,2,3), and Group 2 will have the remaining four
the appropriate application scenarios are identified. Nigale consecutive antennas (4,5,6,7).

results are provided in Section VI to substantiate the mly The two selected antennas are determined by
Concluding remarks are given in Section VII.

{U,V} = argmax {Cu+Cy}. (5)
Il. CHANNEL MODEL AND DESCRIPTION OF THE PROPOSED IsusNey Noy Hlsvsly
SCHEMES The antenna with the largest ordinal number within each of

We consider a MIMO system equipped with > 2 transmit the two antenna groups is selected to form a subset with two
and L, receive antennas. The fading coefficiehtg between antennas. Selection criterion (5) guarantees that the drest
transmit antennaand receive antenng 1 <: < L;,1 < j < amongL,; antennas is always within the selected subset.

L,., are independent identically distributed (i.i.d.) ciraljya Following Appendix I-B, we have the number of feedback
symmetric complex Gaussian random variables of zero mefgifs as

and unit variance. We define )
L [2log, Ly — 2], L, is even
= 1= .
C; = Z |hj,i|2 . 1<i<L, (1) [log, (Ly — 1) +logy(Ly + 1) — 2], L, is odd.
P (6)
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! The number of feedback bits of Scheme 3 is calculated as

j Grow L N Mog, £t1 = [log, L] — 1, L; even
j“cl 11 > Nog, f+1] = [logy(Ly +1)] — 1, L, odd.
Spe- (13)
pace-time Encoder . Output A ) ) _
—————— e - | gmeimerem—  Taking into account thaflog,(L; + 1)| = [logy Ly | if Ly is
forTwo Antennes j ' : odd, we can write (13) as
Lr
: R 1 N3 = Na — 1, (14)
j which indicates that Scheme 3 always needs one bit less than
Scheme 2.
w Feedback Assuming that BPSK Alamouti STBC [16] is employed,
next we will investigate the error performances of theseehr
Fig. 1. The block diagram of Scheme 1. proposed schemes with,, = 1 in independent flat Rayleigh

fading channels. It is also assumed that perfect CSl isaail
to the receiver, and that there is no feedback delay or error.

B. Scheme 2
In Scheme 2, only the index of the best antenna, determined ~ !ll. CONDITIONAL ASYMPTOTIC BIT ERROR
by PERFORMANCE
U = argmax{C.,}, @) In this section we will quantify the conditional asymptotic
1<u<Ly

error performance of a transmit antenna selection systdém wi
is fed back to the transmitter, and the other antenna isteelecdBPSK Alamouti STBC with subsef(n), (m)}, 1 < m <

at random. Selection criterion (7) also guarantees thabéise n < L;. {(n),(m)} denotes that the subset consists of the
antenna is always within the selected subset. The numbertwb antennas associated with,,) andC(,,,. The intermediate
feedback bits is given by results obtained will be utilized in Section IV for the dexiion

of average error expressions for Scheme 1 and Scheme 2.

N = [logy Li]. (8) Itis shown in [19] that at high SNRs, the error performance

of wireless transmission systems over fading channels ean b

C. Scheme 3 calculated based on the behavior of the probability density

In Scheme 3, transmit antennas are divided into subsets efwtction (pdf) of the instantaneous channel power gain, de-
of which has two adjacent antennas. noted by3. Assume thai3-dependent instantaneous symbol

If L, is even,L; antennas are divided int§: subsets. For error probability is given byPz (8) = Q (VEB7), wherek is
example, ifL; = 6, the three subsets are formed as (1,2), (3,4, positive fixed constant with = 2 for BPSK, andy = =
and (5,6). The selected subset, denoted big determined by where E;, is the energy per bit at the transmitter, aNd |s
the power spectral density of the additive white Gaussiaseno

I= ?Lginft\x{c%fl + Cai} ©) (AWGN) per receive antenna.
<i<SE We write f($) = o[g(x)], xr — X, if 1imw_)mo ;mg = 0.
and the two selected antennas are Following [19], if the pdf of 3, denoted byps(3), can be
U=2I—1, V=2I (10) approximated by a single polynomial term for— 0% as
_ .t t
A special case of Scheme 3 wifh = 4 first appeared in [18]. ppif) = i +oli), a>0, .

If L, is odd, £t subsets will be formed. The firdt, — 1 then the asymptotic symbol error probability is given by][19
antennas are divided inté5 subsets. The last antenna will ¢
2 : ) 2'aT(t +3/2)
form a subset together with the adjacent antenna, which also pp, = =—~ =/
belongs to the adjacent subset. For exampld,,;if= 5, the Va(t+1)
three subsets will be formed as (1,2), (3,4), and (4,5). TheéhereI'(z fo x*~te%dz is the Gamma function, and
selected subset is determined by t+1is the system diversity order. Throughout the paper,
asymptotic means that SNR tends to infinity-& o).
I = argmax { Co—1 + Co;,Co—2 + Coi_1 ¢, (11) LetY; = C_(m) andY, = C@' The post-processing SNR .
1<i< Lt 1<ig kil i Letl of the transmit antenna selection system with BPSK Alamouti
T ’ STBC can be written as

— M+ Yl =

(k)"0 4 o(37 D) (16)

and the two selected antennas are
_ _ _ Li—1
U=2I-1, V =2I, 1§IL§ 5 (12) | |
U=L—1, V =1Ly, I= %1 We have the instantaneous channel power gaif as—

Note that selection criteria (9) and (11) unnecessarilyr-gua ForL, =1, C; in (1) are i.i.d. chi-squared varlables with 2
antee that the best one amohg antennas is always within degrees of freedom. The pdf 6, is given by [20, (2-1-110)]

the selected subset. po,(y) =e?, y=>0, (18)

gy. (17)
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and the cumulative distribution function (cdf) @f; is ex- From (21), we have the pdf df as
pressed as [20, (2-1-114)] dPy (y)
py(y) = dy
Po,(yy=1—¢Y, y=>0. (29) _ Ly!

(m—D!(n—m— 1)L —n)!

Following the methodology in [21], the joint pdf &f, and

: B m—1ln—-m-—1 s m— n—m—
Y; is given by y Z Z (-1) +t( t 1)( s 1)
= Li+2s+m—2n—t+1
L;! 1 N
(yl)pCi (1/1) t#2s+(Li+m—2n+1)

Frovs = (m—=1)n—m—-1)(L — ")!sz

x [Pe, (yo) — Pe, (y)]™ ™™ pes (yo) [1 — Pe, (yo)] "
Lt'

t=0 s=0

% |:e—§(Lf m4t+1)y e—(Lt-l—s—n-l-l)y}

—1n—m-—1
m—1\/n—m-—1
t=2s+(Ly+m—2n+1
xz > ("7 ( )
t=0 s=0

~ ( 1)s+t67(LtJrsfnJrl)ygef(nthfmfs)yl.
(20) Sinces = £, we have

ps(B) = 2py (28)

{

xye_(Lt+S_"+1)y} . (22)

ForY =Yj + Y1, we have B 2L4!
(m =1 (n—m—1DI(L; —n)!
Py (y) N 1 1
=ity <o) B i S = i
y/2 ry—u = = Li+2s+m—2n—t+1
/ / Jyovs (Yo, y1)dyodyr N
Y1 t#2s+(Li+m—2n+1)
L! % |:e—(Lt—m+t+l)B _ 6—2(Lt+s—n+l)ﬁj|
(m MW —m—1)(Ly — n)!

A () SRR ()

t=0 s=0 N———
2 - = —2n
x/y/ /y " e*(LtJrsfnJrl)yoe*(nthfme)yldyodljl e tm )
o Ju ‘ xﬂe’Q(Lf“’”“)ﬁ}. (23)
Lt!

= R CEr— Ty In order to obtain the asymptotic error probability, (23)
" S should be written in the form of (15). It — 0, (23) can
be written as

m—1n—m-—1 s 1/m—1\ /n—m-—1 _
D)) () 2" "Ly : )
X * - " ") 24
2 2 FApP—— ) = e e @)
t£254+(LyLm—2n41) The comparison between (24) and (15) reveals that
e~ 3 (Li—m+t+1)y _ o—(Lits—n+t)y . 2"‘|mLt! ' (25)
Li+2s+m—2n—t+1 (n —N(Ly —n)!
e S (Lutt+1-m)y _q t=n-L (26)
L,+t+1—m Substituting (25) and (26) into (16), we obtain the condisib
asymptotic BER expression for a transmit antenna selection
LTI (st (o (el system with BPSK Alamouti STBC and subsfin), (m)}
* ; ; Li+s—n+1 for a single receive antenna, denoted By(n,m), as
M Ld(2n —1
t=2s+(Ls+m—2n+1) Py(n,m) = (2n — 1)t o "4 0( ) (27)
o M(Letttl-m)y _ 1 2ntmnl(n — 1YLy — n)!
X [ge‘(““‘"“)y s at high SNRs.
¢ m Equation (27) clearly indicates that the asymptotic digrs

(21)  order isn, the larger ordinal number of the antenna within
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have

+‘Exact p‘erforma‘nce (sirr‘lulatic P (m) =P (n = L, m)
- - Asymptotic performance (2 L;— 1)'
P ——L ——L
= t t). 28
9m+Li (L, — 1)1 +o(v) (28)
Let P(m) define the probability that the ordinal number of
the second selected antennaris To obtain the unconditional
average BERP»(m) should be averaged ovét(m). We will
differentiate between the cases bf even andL; odd.
1) L;isan Even Number: If L, is even, Group 1 and Group
2 will each contain%t antennas. We have

(L) &G -0 g,

>

P(m) = T, —1) , 7§m§Lt—1.
(29)
Then the BER expression can be written as
Li—1
P= Y Py(m)P(m). (30)
m=Lt
Substituting (28) and (29) into (30), we obtain
m—1
o _ _ Py = Ltzjl (%* ) (2L —1)! (%)' (% — 1)!§7Lt Yo (WﬁLt)
ig. 2. Performance comparison of the (3,2;1) TAS/STBC wdifferent om oL, [(Lt _ 1)!]2
subsets selected, BPSK. m=%t
- (2Lt—1)!(%)'(% _1)!——Lt+0(——Lt) (31)
the subset. The smaller ordinal number, only determines 2L+ [(Ly — 1)1)? 7 7 '
the horizontal location of the error performance curve,har t Note that
SNR gain. For a fixech, every increase by one im brings Li—1 (gifl) 1
an asymptotic SNR advantage $fdB. Z -V (32)
In order to validate the analysis in this section, Fig. 2 com- e Lt 2m 2

pares the BER performance by simulation with the asymptogbp
expression (27) for the (3,2;1) BPSK TAS/STBC with all th . .
possible antenna subsef$2), (1)}, {(3), (1)}, and{(3), (2)}. PFSOIL thedc?r:yentlci[ns_(Lht,;’;\llR) T’S]S/%TE??C schbeme _n”th

It is shown that the asymptotic diversity order is two fo 9 (7 modufation, at hig s the can be written as
subset{(2), (1)}, and three for both scenarios wifi3), (1)}, (7]

and {(3), (2)}. The asymptotic SNR advantage ©f3), (2)} P, — @@L, -1 g, To (—7Lt) (33)
over {(3),(1)} is 1 dB at the BER 0ofl0~%, the same as 2T 2Ll (L — 1)!7 7 '

predicted by (27). Fig. 2 also indicates that (27) asympadlif ~ The comparison between (31) and (33) indicates that
approaches the exact error performance. Scheme 1, when compared with the conventioffal, 2; 1)

In practice, it is rare that the values of the ordinal numbergas/STBC scheme, suffers an asymptotic SNR loss given by
n and m, are always fixed. However, the conditional BER

utilized in the derivation of (31).

2
results in this section serve as important intermediataltes Ay — 1_0 o 2Ll [(%)'} dB (34)
in the derivation of the average BER expressions for Schemes T 810 Ly! ’
1and 2. if L, is an even number.

2) L, isan Odd Number: If L, is odd, Group 1 and Group

IV. BIT ERRORPERFORMANCE OF THEPROPOSED 2 will consist of% and % antennas, respectively. Then

SCHEMES
m—1 L;+1 L;—1 m—1 Li—1 L;+1

In this section, we will derive the asymptotic BER expres;, . (Lt;) (B5) ! (B) + (Lt;S) (F) !t (=57)!
sions for the three proposed schemes with BPSK Alamouti(m) - L ’
STBC and a single receive antenna. The error performance L o . _ (35)
analysis for Schemes 1 and 2 is based on the intermedigfeere =5— < m < L, — 1. Considering the identity
results in Section Ill, and that for Scheme 3 employs the MGF D D p+1

= 36

method. (q) (q+ 1> (q+1)7 (36)
A. Scheme 1 we can simplify (35) as

For Scheme 1, we have = L;. Therefore, the index (%) (B5)t (B!
in (27) can be replaced b, and dropped. Accordingly, we P(m) = L, (37)
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Therefore, the BER can be calculated as
Li—1

respectively. Following the subset selection criteriol (Be

instantaneous channel power gain of the selected subset,

Py, = Z Py (m)P(m) denoted byG .., has the pdf written as
Li—1
m==t _ L, %71
Ll () (o, — 1)) (L) ( t,1)| (g (@) = 5 [Fe.(2)]7 7 pei(2)
_ Z 3 2 5 Ly +0(’_Y Lr) L, e Ly 4 a
o 2Lt (Ly — 1)L =5 [l—e*(1+2)]% ze ™ (47)

_ L= DH(EE) (B!
N 2Lt (Ly — 1)1Ly!
in which we utilize the identity

Lt to(375),  (38)

Li—1 (L:?zl)
_Z; e =1 (39)

The comparison between (38) and (33) reveals thdi; i
odd, Scheme 1 suffers an asymptotic SNR loss equal to

10 2Lt—1 Li+1 ! L:—1 !
g, 2T (5D (B
L, Ly!

relative to the conventiondlL;, 2; 1) TAS/STBC scheme.

Ay = dB  (40)

B. Scheme 2

Similar to Scheme 1, we also have = L; for Scheme
2. Since the second antenna is selected at random from the

remainingL; — 1 antennas, it is clear that
1

P = —
(m) =

Therefore, we have

1 @L-1 1
2m 2Lt(Lt — 1)' Lt -1

7+

A7)

m=1

= [ ) t_} 2Lt_1)!ﬁ‘“+o(ﬁ‘“).

ST (L, ~ DL, — 1) (42)

py(7) =

Taking into accounty = ”G(

e
v L1

{ “#(+3)
Tt_li L i .

e (5 () ()

) we have the pdf ofy as

=t
2

[\
[\
)
|
oIy

=1

&~

=0 j=
(48)
The MGF associated with is given by
Mv(s):/ pw(v)e”dv
0
sy (Y0 ()
Bl :0 gl
/ 2(¢+1) j+1d'y
R
-EE (0@
’Y =0 j5=0
(i + 1) —(3+2)
X
G+ [
(49)

Note that identity [22, (3.381-4)]
/ Ve T dy = iF(I/),
0 HY

is utilized in the attainment of (49).

Re{u} > 0,Re{v} > 0,
(50)

Similarly, the asymptotic SNR loss of Scheme 2 relative to g, BPSK, the BER expression can be written as [17]

the conventionalL,, 2; 1) TAS/STBC scheme is quantified as

10 2Ll _ 1

L_t 1Og10 ﬁ dB

Ay = (43)

C. Scheme 3

1) L, isan Even Number: The instantaneous channel power

gain associated with theth subset is given by
Ly

G; = Coi—1 + Cyy, >

1<i

| /\

(44)

where(C; is defined in (1). FollL,. = 1, it is clear thatG; are

1 [ 1
P,=— M, | — do
? ﬂ'/o V( 51n9)

. (e
-3 yev(®,

. ) <;) (i4 1)~ + 1)
2

in? 0 j42
| db. (51
sin 0 + 2(1+1)
Based on [17, (5A.4a)], the integrd] can be written as

w3

chi-squared variables with 4 degrees of freedom, whose pdf

and cdf are given by [20, (2-1-110)]
pe.(x) = we
and [20, (2-1-114)]

Pg,(x)=1—e"*(1 + a),

o (45)

(46)

Iy
Il:%{l V5 z+1 §2_ <2k)
I
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Substituting (52) into (51) produces and
. L,—3 e L5
J i S Li 1\ (i p(zpy@) = —5— [1-e (1 +a)] 3
_ i 2 T 1y +2) (5 2
=3 Z Z( 1) ( 2 ; ) (J) (i41)"V T (G+1)! x 2e~% (1 — €72 — 20¢7)
i=0 j=0 Ly—3
. §2k o i+1 1 +[1—87”(1+{); T i
5 z—i—l y+20+1)] [ x (2€7% = 2e7" 4 2we™")
(53) (63)
. . respectively.
At high SNRs, (53) can be written as Following the similar approach from (47) to (53), we have
L . . .
23120, — 1) _ o derived the exact BER expression for ofid It can be written
Py = CL =D ri (). (58) e

2L=1 (L, —1)!

The asymptotic SNR loss of Scheme 3 for evanrelative L, — 3 Lt 5N\ /i
to the conventional(L;,2;1) TAS/STBC scheme, can be P, = - Z Z < ><)
quantified as i—0 j=0 J

X [Ty (G+Li+1) — Jy (j+ 1,0 +3) — 2J5 (j + 2,5+ 2)]

Ay = Wie 251 dB. (55) S
Ly E L,—3
i i 23 307 )
2) L, is an Odd Number: If L, is odd, there arebst! T2 ; j
subsets in total. For the ﬁrs(t‘Q;3 subsets, the corresponding =0 j=0 ' '
channel power gains x[J5(Gi+2)=J5(Gi+ 1)+ J5(G+Li+1)], (64)
L;—3 where
G, =0 _1+0Cy, 1<i< ¢ (56)

— 2 3

92 k
are independent variables. We defiig = max{G;}, 1 < 7 (p,q) = 2q +1 Y 2 Z k( k> < +2 )
. a (3 E] = P 7/ + q - q

i< Le=3, 0
2 65
For the last two subsets, the corresponding channel powel high SNRs, (64) can be written as (
gains are

2L, — 1)!
Gris =Cp—o+Cp,_ (57) _ (2L, s=Le o o (5~Le
= e " 3 25D (L, — 1) toiT). (69

d .
an The comparsion between (66) and (33) reveals that, when

Gryt1 =Cp,—1+Cp,. 58 . ;
Ligt = CLe-1+ OL (°8) L, is odd, Scheme 3 suffers an asymptotic SNR loss equal to
Note thatG:,-: and Gr,+: are not independent. We also 10 93 (Lit1)
. : : . . As = —logy ——— dB (67)
defineGp = max GLt 1 GLW . Following the selection ST, 810 3 ’

criterion in (11), the instantaneous channel power gairhef t.q|ative to the conventiondlL,, 2; 1) TAS/STBC scheme.
selected subset, denoted GS(LW can be written as

G(ﬂ) — max {Ga,G5}. (59) V. TRADE-OFF BETWEENFEEDBACK RATE AND ERROR
2

PERFORMANCE
To obtain the cdf ofG .1, we need to first derive the  Taking into account the trade-off between asymptotic error
cdf’s of G4 and G . performance and feedback requirement, we will identify the
It is clear that the cdf of7,4 is relative merits of each scheme in this section, and endeavor

Li-3 . Li—3 to establish the practical application scenarios.
Pg,(z) = [Pg,(x)] = =[l—e*(1+a)] >, (60)  From (3) and (6), we find that

where Pg, () is defined in (46). Following Appendix Il, the N—N; =1, (68)
cdf of G can be written as
for all L, except forL, = 6,23 and 91, where N = Nj. In

Pay(x) =1—e " —2ze™", (61) addition, the SNR loss of Scheme 1 in (34) and (40) has the

Therefore, it follows that the cdf and pdf aﬂ(ﬂ) are Property as following

given by hm A; =0 dB. (69)
Prgy(x) =Pr{Ga <z,Gp <z} By contrast, the SNR loss of Scheme 2 in (43) has the
— Py, ()P, (x property of
+(#)Pes (@) Lis lim A, =3 dB. (70)
=[l-e*1+z)] * (1—e > -2z "), Le—oo
(62) 1These are the only three solutions = N; for L; < 5000.
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Fig. 3. The comparison of the number of feedback bits betwden Fig. 4. Asymptotic SNR losses of the proposed schemes veldti the

conventional and proposed antenna selection schemes.

TABLE |
THE NUMBER OF FEEDBACK BITS AND ASYMPTOTICSNRLOSSES FOR
3<L; <8

| [ L:=8 | L:=4 | L5 | L:=6 | Li=7 [ L:=8 ]

N (bits) 2 3 4 4 5 5
N1 (bits) 1 2 3 4 q q
N2 (bits) 2 2 3 3 3 3
N (bits) 1 1 2 2 2 2

A (dB) | 0.4165 | 0.3123| 0.4082 | 0.3402 | 0.3744 | 0.3276
Ao (dB) | 0.5870 | 0.9199 | 1.1481 | 1.3207 | 1.4588 | 1.5734
A3 (dB) | 0.4165 | 0.7526 | 0.8519 | 1.0034 | 1.0386 | 1.1289

We also have
Llim A3 =1.5 dB (71)
for the SNR loss of Scheme 3 in (55) and (67).

On the other hand, we have
. N2 o . N3 o 1

with the relationshipVs = Ny — 1.

Fig. 3 illustrates the number of feedback bits of the conven-
tional and proposed antenna selection schemes. Fig. 4npsese
the asymptotic SNR losses of the proposed schemes relative

to the conventional scheme f8r< L; < 100, assuming that
BPSK Alamouti STBC is employed and. = 1. Since in most

single link wireless systems, only a low to moderate number

of transmit antennas are available, the numerical resoits f

conventional scheme with BPSK Alamouti STBEL L; < 100, L, = 1.

0.4165 dB. The reduction of feedback bits is always 1 bit,
except forL, = 6, 23 and 91, where there is no feedback
reduction at all. For most values 6f, Scheme 1 achieves

a 1 bit feedback reduction at a negligible performance
loss.

Scheme 2 suffers asymptotic SNR losses lower bounded
by 0.5870 dB whenl; = 3, and upper bounded by 3
dB whenL; — co. Scheme 2 can reduce the number of
feedback bits by almost half. However, Bt = 3, there

is no feedback rate reduction.

Scheme 3 incurs asymptotic SNR losses lower bounded
by 0.4165 dB atL; = 3, and upper bounded by 1.5 dB
when L, — oo. It is important to point out that Scheme

3 needs one feedback bit less than Scheme 2, and suffers
less SNR loss for any giveti;. Therefore, Scheme 3

is superior to Scheme 2, although Scheme 3 does not
always include the best antenna in the selected subset
while Scheme 2 does.

From Table I, we can see that whénp = 3, Schemes 1
and 3 have the same number of feedback bits and SNR
loss. This is simply because fdt, = 3, Schemes 1
and 3 are exactly the same in essence. It is important
to note that, as shown in Table I, Scheme 3 shows even
better trade-off between error performance and feedback
requirement for relatively small,;. For example, al; =

4, Scheme 3 can reduce the number of feedback bits from
three to one at a performance loss of 0.7526 dB when
compared with the conventional scheme.

of most practical interest are listed in Table I. We have sdve From the observations above, we conclude that Schemes 1

remarks as below.

and 3 are more favorable in practical applications, and the

« WhenL, increases, the asymptotic SNR loss of Scheng@propriate application scenarios can be establishedlas.be

1 approaches zero, and it is upper boundedl,at 3 by

o Scheme 1 is suitable for the applications where the
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Fig. 5. Performance comparison between the conventiondlproposed Fig. 6. Performance comparison between the conventiondl proposed
antenna selection schemes with BPSK Alamouti STRE,= 1. antenna selection schemes with BPSK Alamouti STRE,= 2.

requirement for low feedback rate should not compromigdth BPSK Alamouti STBC were derived based on the obser-

the error performance significantly. vation of the pdf of the instantaneous channel power gain, or

« For the wireless systems where feedback chanr®lthe MGF method. The asymptotic expressions at high SNRs
throughput is a major concern, Scheme 3 should Iskow that the proposed schemes can achieve a full diversity

considered. order, as if all the available transmit antennas were uskd. T

relative merits of these three schemes, in terms of trafle-of

VI. NUMERICAL RESULTS between error performance and feedback rate, were digtusse

. . . , And the appropriate application scenarios were identifiéa:

To gubstanﬂate the theo_reuc analysis in Sgcuoq IV, SOME&sults in this paper provide useful guidance for the design
numerical results are provided. In the following dISCUBSIOof transmit antenna selection systems with various feddbac

6
SNR losses are measurgd at the BER@f™. channel bandwidths and different requirements for quality
Fig. 5 presents the simulated error performances of tggrvice.

conventional and proposed antenna selection schemes with
BPSK Alamouti STBC in independent flat Rayleigh fading
channels for a single receive antenna. It is shown that, com-

pared with the conventional scheme, Schemes 1 and 2 suffer ] ) )
an SNR loss of 0.4 and 0.6 dB, respectively, for= 3. When For a transmit antenna selection system, the feedback infor

L, = 4, Schemes 1, 2 and 3 suffer an SNR loss relative to tfpation can be the index of the selected subset, or the indexes
conventional scheme of 0.3, 0.9, and 0.8 dB, respectivel. | of the selected antennas. In this Appendix, we will deteemin
clear that the simulation results are consistent with afealy Which method requires less number of feedback bits.
ones in Table I.

Although no analytical results are provided for two receiv@. Conventional Scheme

antennas, Fig. 6 depicts the similar comparison based orFor a conventionalZ,,2; L,) transmit antenna selection

simulation. Performance losses similar to Fig. 5 are oleservsystem, if the index of the selected subset is fed back, the
Note that forL; = 3, Scheme 1 and 3 are in essence the samfymber of feedback bits required is given by

Therefore, the simulation results for Scheme 3 with= 3 I
are not provided in Figs. 5 and 6. No1 = [log, (;)1. (73)

APPENDIX |
CALCULATION OF THE NUMBER OF FEEDBACK BITS

VIl. CONCLUSION Alternatively, if the indexes of the two antennas within the

. . .. selected subset are fed back, the number of feedback bits,
Three novel transmit antenna selection schemes with %ﬂe—noted by is
0,2

tenna selection restrictions were proposed to reduce &b fe
back rate. Analytical BER expressions for these three seBem Ny o = 2[log, L;] > [2log, Li] = [logy L7]. (74)
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Noting that
L\ _ L(Le—1) L 75)
2 2 27
we find that
No,1 < No2 (76)
always holds. Therefore, we have
1
N = Ny.. (77) 5

2
This means that less feedback bits are required if the inde[x

10
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