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Closed-loop transmit diversity systems with hybrid antenna selection
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Abstract The paper investigates closed-loop transmit diversity (CLTD) systems with antenna selection technique. The
expected received signal-noise-ratio (RxSNR) of the proposed systems is analyzed and compared with CLTD systems. An
algorithm is proposed for determining the number of increased transmit antennas in terms of a reduced RF chains without
performance degradation. Since a feedback channel is bandwidth-limited, we present a method of quantizing transmit-weight
vectors. Simulation results demonstrate advantage of the proposed systems with full and quantized feedback information.
Quantized feedback has less effect on the proposed systems than CLTD systems.

Keywords antenna selection, closed-loop transmit diversity (CLTD), quantized feedback.

1 Introduction

The next generation wireless communication systems
are required to provide high quality voice services as well
as broadband data services. To achieve this goal, a key
technique employed in the emerging wireless systems is
transmit diversity.

Transmit diversity systems can be classified into
open-loop systems and closed-loop systems. The open-
loop transmit diversity systems!!:2l, which operate with-
out any feedback information from the mobile, are
known to offer diversity gain. The closed-loop trans-
mit diversity (CLTD) systems(34, which operate with
feedback information from the mobile, offer not only
diversity gain but also beamforming gain. These two
transmit diversity systems can provide significant in-
creases in system capacity and performance, but they
are both characterized by a relatively higher implemen-
tation complexity than antenna selection diversity. Re-
cently, there have been some attempts in combining
space-time coding systems with antenna selection tech-
nique to reduce the system complexity!®=7), However,
the combination of space-time coding and antenna se-
lection does not take full advantage of channel state in-
formation (CSI) available at the transmitter. Murthy!®!
and Pan®® proposed to combine CLTD systems with
antenna selection, called ASCLTD systems for brevity.
Antenna selection and CLTD can share the feedback
channel for CSI which can determine optimum selection
of antennas in addition to optimum transmit-weight vec-
tor. This approach reduces the implemental complexity
of CLTD systems in practice while still having benefits
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of multiple antennas.

This paper explores the antenna selection algorithm
for closed-loop transmit diversity systems. The purpose
is to reduce the number of RF chains with the same per-
formance. The algorithm for determining the number of
increased antennas is given. We present the algorithm
of quantizing transmit-weight vectors corresponding to
optimal channel vectors. Simulation results verify the
advantages of ASCLTD systems in both implemental
complexity and performance improvement.

2 Problem statements

We consider a wireless link in a quasi-static flat
Rayleigh fading environment with Mt antennas and My
RF chains on the transmitter side and one antenna on
the receiver side. Let h denote the 1 x My channel vec-
tor. Its entries are the fading coefficients hi; which are
modeled as independent samples of complex Gaussian
random variables with a zero mean and variance of 0.5
per dimension. It is assumed that CSI is perfectly avail-
able at the receiver and full or partially known at the
transmitter. For CLTD systems, transmit-weight vector
w is calculated at the receiver with CSI, and fed back to
the transmitter. At the transmitter, the data symbol is
multiplied by these weight vectors before transmission.
For the antenna selection algorithm, Mp (Mp < Mrt)
transmit antennas are chosen and activated for trans-
mission and the other antennas are silent. The selection
criterion has to be determined according to the specific
system. The baseband equivalent model of ASCLTD
systems is shown in Fig.1. The received signal may be
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expressed as

T = \/Eshfws +n, (1)
where Es: = E{|s|?} is the average energy of the

underlying signal constellation, H in the superscript
denotes Hermitian transpose, n is a complex addi-
tive white Gaussian noise for receive antenna, w =
[w; wa -+ wp | denotes transmit-weight vector. A
1 x. My channel h,, which is the optimal subset p €
{1,2,---, P} out of all possible P = Cﬁi subsets of h,
is used to denote the channel between. My chosen trans-
mit antennas and one receive antenna. To maintain the
same transmit power, we normalize transmit-weight vec-

My
tor such that [Jw[22 3 |wn|? =1.
m=1
Transmit RF chains [fp §
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Fig.1 System model

Comparing to M diversity CLTD systems, the
(Mg, Mt) ASCLTD systems use Mp (Mp < M) re-
duced RF chains by installing Mt (Mt > M) increased
transwmit antennas. Obviously, only using My RF chains
will lead to performance loss. Then the value of in-
creased transmit antennas is sufficient to compensate
for the loss. The algorithm of determining the value of
M is our concern. Transmit-weight vectors are calcu-
lated by receiver to maximize RxSNR, and are periodi-
cally fed back to transmitter through feedback channel.
However, the bandwidth of feedback channel limits the
precision of these weight vectors. Our task is to quan-
tize these weight vectors and minimize the performance
loss.

3 Computation of increased transmit
antennas number

For each channel realization of h,, the SNR at the
receiver output (RxSNR) is

vascurp = (Es/No)lhyw|? = ‘Yow_HRpw, e

where 79 = Eg/Ny denotes transmit SNR (TxSNR)
and R, = hyhY is an Mg x My Hermitian matrix.
An optimum transmit-weight vector can be obtained by
finding w which maximizes RxSNR in (2). With the
Rayleigh-Ritz theorem/'%l, optimum weight vector wopt
is a principal eigenvector which is associated with maxi-
mum eigenvalue of R,. Thus, the optimum RxSNR may

be expressed as

Mr
’szstcLTD = 0llhs]* =0 Z |hpi|2a 3
i=1
where |hy;[%,pi = 1,---,Mr, are i.id. chi-squared
variablesﬁ” with probability density function (p.d.f)
given by ‘ .
F(2) = f(|hpil® = 2) =77, 4)
and cumulative distribution function (c.d.f.) given by

F(z) = P(hyl? <2) =1-¢. NG

The channel parameters are random, thus the system
performance measured by SNR is a random variable. In
such cases, the expected SNR provides the correspond-
ing measures of average performance of interest in such
systems. Irrespective of the TxSNR, the average of op-
timal RxSNR has been

Mg
Tascrro = €138 /10 = Y e{lhail’}- (6)
i=1

Optimal antenna subset is chosen to maximize the
instantaneous SNR. In (6), the selection algorithm will
choose the transmit antennas among the My highest
|hpil?. We produce a new set of descended variables
Xi,k = 1,--- , Mg from |hy|?. Xy is the kth largest
of Mt random variables. Then (6) is rewritten as fol-
lows:

Fascurp = (X1} + -+ + e{ Xase ). (7
Then based on [12], the p.d.f. of X is
p(z) = Ck 1[1 - F@)* " Chtpost

(2)[F ()| M=k, (8)
Therefore, the average of kth highest statistic X}, is
Mr—k )
e{Xe} = MrCll, Yo [(-pMemkr
r=0
: Chgpoi(Mr = 1)7?], ©
and the average of optimal RxSNR has been
Mg Mr—k
FR o = Z {MTCMT 1 [(—1)MT—k—r
k=1 r=0
- Chge Mz = 1)2]}. (10)

When Mt = My = M, the systems become pure CLTD

systems. The average of its opt{mum RxSNR can be
expressed as follows:

M .
vern = D_ellhnil®} = M. (11)

i=1
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Equation (11) gives the performance measure for
CLTD systems. This is interest result that the aver-
age of optimum RxSNR of CLTD systems is equal to
its diversity number. Nowadays, we hope to employ a
reduced RF chains. We want to compute the number
of increased transmit antennas which can compensate
performance loss from a reduced RF chains. In other
words, we hope

Mg < M < Mr, (12)
guaranteeing
—opt .
Fascurp = Ao (13)

Combining (10)~(13), the solution is obtained.

4 Quantization of transmit-weight vec-
tors

The feedback channel is bandwidth-limited, there-
fore transmit-weight vectors must be quantized. There
are two selections in ASCLTD systems. One is the se-
lection of optimum transmit antenna subset. The Mg
highest |hpi|? was chosen from Mr transmit antennas,
then selection criterion may be expressed as

- 2 .
hy = |y . (14)

The other is the selection of optimum quantized
weight vector. Grassmannian subspace packingl!3-1%
can be used to quantize weight vectors. The Grassman-
nian space g(Mp,n) is the set of all n dimensional sub-
spaces of My dimensional space. The Grassmannian
packing is the problem of finding the best packing of @
n-dimensional subspace in My dimensional space. That
is to say, we hope to find @ points in g(My,n) so that
the minimal distance between any two of them is as large
as possible. Since we only concern with g(M, 1), the
subspaces become lines such that the angle between any
two of the lines becomes as large as possible!!¥). Thus
the problem simplifies down to arranging @ vectors so
that the magnitude correlation between any two lines is
as small as possible.

Finding goeod precoder codebooks from Grassman-

" nian subspace packing for arbitrary Mg, n, and Q is ac-
tually quite troublesome. The most feasible method for
generating these packings is to use codebooks designed
from the noncoherent space-time modulation designs in
[14,15].

The search algorithm in [14] can be very easily imple-
mented and yields codebooks with large minimum dis-
tances. The algorithm works by considering codebooks
of the form

2 = {wppr, OwprrT, - ,09 ' wprr}, (15)

where wppr is an My x 1 vector with ﬁei(z"/ Mr)k

at the kth entry, the gth codebook is w, = 67~ !wppr,
and @ is a diagonal matrix given by

O = PV k= (1.2... Mg}, ' (16)
where 0 S ux < @ - 1.

The values for uj,up, - ,usm; are determined in
terms of the entries of the vector u = [u1,uz, -+ , uss)T

from the set Z = {u € ZM*|Vk,0 < ux < Q — 1} given
by
- : !
u= arg mgxlsrlrélg_ld(wwn 0 wppr). (17
At present, the codebooks of quantized precoder are
available. For each optimum channel vector h,, the opti-

mum quantized precoder w, can be chosen to maximize
the RxSNR. Namely,

w,= max |hiw,[2 18
7 ge{l,,Qp P i 18)

Comparing with CLTD systems, these quantized
weight vectors come from optimum channel vector h,,
not from random one. Therefore, the quantized weight
vector matches employed channel vector more.

5 Simulations

First simulation is to illustrate the advantage of
ASCLTD. In Section 3, we know that the average
RxSNR of M diversity CLTD systems is 70hzp = M.
For (Mg, Mt) ASCLTD systems, the average RxSNR
AR oirp can be represented as (10). For visualiza-
tion, we show performance of ASCLTD in Fig.2 for
Mg =1,-.-,6. We find that the average RxSNR of a
(5, 8) ASCLTD system is equal to 7.1726, greater than
that with 7 diversity CLTD systems. In other words,
one cheaper transmit antenna save two more expensive
RF chains. This is an appealing characteristic.

Average RxSNR
» W > W (= ~3 0 o

2 3 4 5 6 71 8 9
Transmit antenna number My

Fig.2 Average RxSNR for ASCLTD systems
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Due to the merit of ASCLTD, another problem is
whether antenna selection technique can completely re-
place closed-loop technique. If My = 1, the system be-
comes pure transmit antenna selection systems whose
performance is shown in Fig.3. The average RxSNR
with 4 transmit antennas is slightly larger than 2, and
the average RxSNR with 11 transmit antennas is slightly
larger than 3. If the average RxSNR is to exceed 4,
31 transmit antennas are required. Obviously, only by
transmit antenna selection, abundant transmit antennas
are a considerable burden and make antenna switch very
difficult. Therefore, it is impractical to entirely depend
on the antenna selection technique.

The second simulation is to compare RxSNR be-
tween 7 diversity CLTD systems and the (5,8) ASCLTD
systems under full and quantized feedback. Channel
realizations are i.i.d. from frame to frame. Simulation
result with 128 channel realizations is shown in Fig.4,
which only displays 40 realizations for clarity. RxSNR
of the ASCLTD systems is sometimes higher than that
of CLTD systems, and sometimes lower. However, aver-
age RxSNR of ASCLTD is slightly higher than that of
CLTD, which is consistent with the theoretic result. At
present, we investigate the effect from quantized feed-
back. Here we adopt N =4 bits to encode Q@ = 16
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Fig.3 Average RxSNR for pure transmit antenna selection
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Fig.4 Performance comparison of 4 systems

quantized transmit-weight vector(!6. Then system per-
formance will be degenerated due to quantized feedback
as shown in Fig.4, where GPS is an abbreviation of
Grassmannian subspace packing. Fortunately, RxSNR
of ASCLTD is considerably higher than that of CLTD
under quantized feedback.

6 Conclusions

In this paper, we combine CLTD systems with an-
tenna selection. An algorithm for determining the num-
ber of increased transmit antennas is given in terms of
reduced RF chains without performance degradation.
The solution of quantizing transmit-weight vectors is

-presented. Finally we simulate performance of ASCLTD

and CLTD systems under full and quantized feedback.
In some cases, one more transmit antenna can get two
RF chains in return in ASCLTD systems. If we employ
antenna selection as an alternative to CLTD, excessive
transmitting antennas become a considerable obstacle.
Compared to CLTD systems, quantized feedback has
little effect on ASCLTD. Therefore, ASCLTD systems
with quantized feedback can save the RF chains, and
lessen the effect from quantized feedback as well.

References

[1] TarokH V, SESHADRI N, CALDERBANK A R. Space-
time codes for high data rate wireless communication:
performance criterion and code construction [J]. JEEE
Transactions on Infromation Theory, 1998, 44(2): 744—
765.

[2) HocuwaLD B, MARZETTA T L, Paprapias C B. A
transmitter diversity scheme for wideband CDMA sys-
tems based on space-time speading [J]. IEEE Journal
on Select Areas Communications, 2001, 19(1): 48-60.

[3] 3rd Generation Partnership Project. 3G TS 25.214
version 3.0.0. Physical Layer Procedures (FDD)
(S/OL]. (1999) [2006-08-10]. http://www.3gpp.org/
ftp/specs/1999-10/for-itu/25224-300.pdf.

[4] Hwanc K C, LEE K B. Efficient weight vector repre-
sentation for closed-loop transmit diversity [J). IEEE
Transactions on Communications, 2004, 52(1): 9-16.

[5) Gore D A, PAULRAJ A. MIMO antenna subset selec-
tion with space-time coding [J]. IEEE Transactions on
Signal Processing, 2002, 50(1): 2580-2588.

[6] Wone W H, LarssoN E G. Orthogonal space-time
block coding with antenna selection and power alloca-
tion [J]. Electronics Letters, 2003, 39(4): 373-381.

[7] Znuuo C, Vuceric B, JINHONG Y. Space-time trellis
codes with transmit antenna selection [J]. Electronics
- Letters, 2003, 39(11): 854-855.



" J Shanghai Univ (Engl Ed) (2008) 12(1): 61-65

65

]

(9]

[10]

(1]

(12)

MurTtHY C R, RA0 B D. On antenna selection with
maximal ratio transmission [C]//The Thirty-Seventh
Asilomar Conference on Signals, Systems, and Com-
puters, Pacific Grove, CA. 2003, 1: 228-232.

PaN Y H, LeTAler K B, Cao Z G. Adaptive beam-
forming with antenna selection in MIMO systems [C]//
IEEE 60th Vehicular Technology Conference, Los An-
geles, CA. 2004, 3: 1570-1574,

ZHANG XIAN-DA. Matriz Analysis and Application [M].
Beijing: Tsinghua University Press, 2004: 528-532 (in
Chinese). :

Proakis J G. Digital Communication [M)]. 4th ed. New
York: McGraw Hill, 2001.

BALAKRISHNAN N, CoHEN A C. Order Statistics and
Inference: Estimation Methods [M]. Boston: Academic
Press, 1990: 11-17.

(13]

[14]

(15]

[16]

STROHMER T, HEATH JR R W. Grassmannian frames
with applications to coding and communications [J].
Applied and Computational Harmonic Analysis, 2003,
14(3): 257-275.

HocHwALD B M, MARZETTA T L, RICHARDSON T J,
SWELDENS W, URBANKE R. Systematic design of uni-
tary space-time constellations [J]. IEEE Transactions
on Information Theory, 2000, 46(6): 1962-1973.

Love D J, HEATH JR R W. Limited feedback unitary
precoding for orthogonal space-time block codes (J].
IEEE Transactions on Signal Processing, 2005, 53(1):
64-73.

HOTTINEN A, WICHMAN R. Transmit diversity using
filtered feedback weights in the FDD/WCDMA sys-
tem [C]//International Zurich Seminar on Broadband
Communications, Zurich. 2000: 15-21.

(Editor HONG Ou)



LI A, R AA TR
[44ik:  http://www.edatop.com

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com



