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Abstract— Receive antenna selection based on Statistical Chan-multiplexing system with linear zero-forcing (ZF) receiver is
nel Knowledge (SCK) is considered for a multiuser uplink system. considered in [14]. For a correlated channel with antenna
For spatial multiplexing transmission, we derive the optimal gg|action based on SCK, the selection criteria that minimizes

SCK-based antenna selection criteria that maximizes the ergodic th bability of for diff t . hitect f
capacity in the high signal to noise ratio regime. Two different € probabiiity o error for dilferent receiver architectures for a

receiver architectures are considered. The first receiver uses a Spatial multiplexing system is derived in [11], [15], [16], [17].
MMSE front-end to suppress the interference, followed by ML In particular, [11], [15] derives the selection criteria, based on
decoding to optimally decode the desired user’s data streams, and the minimum probability of error, for a maximum likelihood
the second receiver performs a joint ML detection of all the users’ (ML) receiver and a linear ZF receiver.

data streams. In a sufficiently correlated channel, SCK-based . . .
selection gives gains close to exact channel knowledge-based While most of the previous work on antenna selection

selection. We compare the performance of antenna selection with Nas focusse_d on derivin_g optimal se_zlection criteria, anc_j on
that of full complexity (FC) receiver, that uses all the available low complexity fast algorithms for a single-user system, little

antennas for demodulation. We show that, unlike in the single- attention has been given to antenna selection for multiuser
user system, in a multi-access system, the capacity achieved by aystems. In [3], [4] the optimal signalling strategy with antenna
MMSE receiver with antenna selection can be higher than that A . ; .
of 2 MMSE EC receiver. s_electlon in presence of mterfer.ence'ls pbtamed. F.or. a mul-
tiuser system, the optimal selection criteria that maximizes the
|. INTRODUCTION capacity has not been looked at, to the best of our knowledge.
It is well established that spatial multiplexing substantially Catreux,et al. show in [18] that in an interference-limited
improves the system capacity of a communication system, eavironment, the capacity of a MIMO system is not signifi-
compared to a single antenna system [1]. However, this cong@gitly more than that achieved by a receiver employing smart
at the expense of increased hardware and signal processintgnnas. However, a joint architecture, that cancels interfer-
complexity. Antenna selection, which reduces the hardwagace and detects the desired data stream, can significantly
costs of a multiple input multiple output (MIMO) system, hagmprove the performance of an interference-limited MIMO
gained lot of interest recently. Antenna selection adaptively sgystem [19]. In this work, we derive the optimal receiver
lects a subset of available antennas at the receiver (transmit&fenna selection criteria for a joint design in multiuser uplink
for down-conversion (up-conversion). This reduces the numigivironment. We consider two receiver architectures:
of RF chains required by a MIMO system, while maintaining 1) The receiver (basestation) employs MMSE processing
most of the advantages of using multiple antennas. to suppresses the interference, followed by optimal ML
The antenna selection algorithms proposed in the litera- decoding to estimate the desired user’'s data stream. We
ture optimize different performance metrics, like, information refer to this architecture as MMSE-ML receiver.
theoretic capacity [6], [7], [8], [17], probability of error [5], 2) The receiver performs a joint ML estimation to decode
[12], [14], etc. The work on antenna selection can be further  all the users’ datastreams. We refer to this as ML
classified depending upon whether it uses the exact channel receiver.
knowledge (ECK) [6], [7], [8], [14], or statistical channelFor these two systems, we derive the criteria, based on SCK,
knowledge (SCK) [11], [15], [16], [17]. In [6], [7], Gorokhov, for choosing the selection matrix, such that the post-detection
et al. quantify the loss in the capacity due to antenna selectierpected mutual information is maximized.
at the receiver when compared with a full complexity system The rest of the paper is organized as follows. Section Il
(that uses all the available antennas). They also propas&oduces the system and the channel model. In Section Il
fast near-optimal practical algorithms to compute thest and IV, we derive the optimal selection criteria for MMSE-
antenna subsets. Based on the ECK, [8] derives the criteria Ik receiver and ML receiver, respectively. We compare the
selecting the optimal subset of transmit antennas to maximigerformance of antenna selection and full complexity receiver
the capacity. A low complexity, ECK-based antenna selectiam Section V. Simulation results are presented in Section VI
algorithm that minimizes the error probability for a spatighnd the conclusions follow in Section VII.



Il. SYSTEM AND CHANNEL MODEL the number of demod chains is less than the number of receive

Consider a multi-access MIMO system, in which each &ntennas, the ergodic capacity after selection can be written
the K users hasN; antennas, and transmits to a commof®S

basestation havindv, receive antennas. The received vector, p1 Fat
y, can be written as Chamse-sel = max [ {IOg o+ WSHlﬂls
t
y = ) ~wHixp+n, @) x ([1+Y LisHHIS! . 4
2, Zj N, SHH, 4)

where p;, is the signal to noise ratio (SNR) of uskr Hy, is
the N,. x N; channel matrix of the fading path gains from us
k to the receiverx;, is the data stream transmitted by uger
andn is noise vector, with i. i. d. complex Gaussian entries {1
og

eyvithout loss of generality, assumi& = 2. Then the maxi-

mization problem in (4) becomes
1 1
b+ SHLRELQORE L |

®)

~ N.(0,1). The receiver has perfect channel state informatiéavmse-sei=max
(CSI), while the transmitter has no CSI.

We use the widely adopted Kroncker correlation mod@ihereQ is defined as
for the channel, which assumes that the correlation at the ) )
receiver and the transmitter is independent of each other. Q =1+ &RE QHL_,QHTL QRETQ,

We assume that the columns &1 are uncorrelatedi.e., Ne ™ o

there is no transmitter-side correlation. This is a reasonableour goal is to find theoptimal channel statistics-based
assumption because the mobile station is typically located d8lection matrixS, such that (4) is maximized, or equivalently,
a rich scattering environment. Then, according to this modghd the sub-matriceR;; and Ry » such that (5) is maxi-
the channelH,, can be written as mized. In general, it is difficult to solve the above optimization

He — R%H @ problem involving ergodic capacity. Instead, we maximize the
k ke Hwik following lower bound, which can be derived following the
where the entries of,, , are i. i. d. complex Gaussian  steps in [20]. This bound is shown to be very tight in the high
N.(0,1), andRy, is the receiver correlation matrix for tid"  SNR regime [20].
user. Lemma 1:Let H = R2H,, be a given such thaR is a

Assume that the receiver has only < N, demodulator full rank matrix, andN, < N;. Then, the ergodic capacity of
chains, so that theestL out of N, available antennas needthis channel can be lower bounded as
to selected for down-conversion and subsequent baseband
processing. LeS be the selection matrix that seledisrows C E {1og
from H. The reduced channel matr&#, can be written as

p 1
I —HH
Nt Ny ‘}

p 1
N, log (1 + N, exp (ME {log ‘HHW})) O

whereR , is aL x L sub-matrix ofRy, formed by removing  \we make the following assumptions to derive the optimal
N, — L rows and the corresponding columns frdk),, and selection criteria.
H; j is L x N; matrix with i. i. d. complex Gaussian entries. Assumptions 1:Assume thaR is a full rank matrix and

Note that since we are considering receiver selection for the< y, and that uset is operating in the high SNR regime.
uplink system, the same selection matrix is chosen for all the

users.

v

SH, = R}, H;

Under assumptions 1, we can apply Lemma 1 on (5) to get
I1l. ANTENNA SELECTION FORMMSE-ML RECEIVER

We first consider a receiver architecture where an MMSE Mysesel = Llog (1 + %eXp <L
front end is used to suppress the interference from other users,
followed by ML detection of desired user’s data stream. The
ergodic capacity of a full complexity receiver (that uses all the
available antennas) is given by

’RL,IHLJHEJ’

XE ¢ log Q)

(6)

1 i 1
Llog (1+ 2L R, 4|7 =
og( +Nt| L1 5eXp( 7

CumseFc = E{log

Ip+ %HlHi
t
xE {log I, + %RLQHL.QHTL,Q
t

Pi ¢1
(oggme) ) e ”

where userl is the user of interest. Her&{.} denotes where 3 is defined asg = exp (]E {10g|HwHMf}>-
expectation, and.)? denotes the Hermitian of a matrix. WheriThe expression in (7) can be further lower bounded




by using Jensen’s inequality on the concave function Assumptions 2:Assume that(]‘(,—lfRL_yl+§,—iRL,2) is a

log I + %RL’QHL,QHTL’Q‘. Then, we get full-rank matrix andL < N, and that the system is operating
in the high SNR regime.
N :
Cuvsesel > Llog <1 + % Ryt 83 Under these assumptions, (11) becomes
t 1
L - Mg PR\
X exp <_L log I, + p2RL,2|)> @©  Omuse = maxE {log Io+5 (Nt Ri+ N, R2>
1 J(l
L ) 2
_ Llog (142t BT ) g «H, HI, <le1 + ”R2> st } (13)
Nt ‘IL +p2RL,2|f Nt Nt
1
Eqn. (9) is maximized when = % is maximized. > Llog (1 + %RLJ + %RLQ "
Thus the following proposition holds. ¢ ¢
Proposition 1: The ergodic capacity of a MMSE-ML re- 1 +
ceiver, given in (5), is maximized when X exp Z]E {log |H”Hw|} ’ (14)
IRz where (13) follows from Lemma 2 and (14) follows by

4= |IL—|—p2RL72‘ applying Lemma 1 on (13). Eqn. (14) is maximized when

is maximized. Her@R ; ; andR ., are the receive correlation” ’Nf, Rei+ 5, RL?‘ is maximized. Thus the following

matrices of userl and user2, corresponding to the rows Proposition holds. . _ _ _
selected froni. Proposition 2: The ergodic capacity of a ML receiver, given

in (13), is maximized when
IV. ANTENNA SELECTION FORML RECEIVER p p
1 2
For a full complexity ML receiver, the ergodic capacity is Y= ERLJ + ERLQ
given by ) ]

is maximized. HerdR ;, ; andR » are the receive correlation
}_ (10) matrices of userl and user2, corresponding to the rows
selected fronmH.

1 P2 i
I —HH —HyH
L+Nt 1 1+Nt 2H,

When the receiver selecfs out of N, antennas, the ergodic
capacity can be written as

CuLrc = E{log

V. RELATION BETWEEN Csg, AND Ckc

In this section, we show the impact of selection on the
P Tqt ergodic capacity of multi-access systems using ML receiver
I+ —SH;H;S . ? h
Ny and MMSE-ML receiver. Lek;(AA") denote the/™ largest
eigenvalue ofA. Then the capacity of full complexity ML
receiver can be written as

CuL-sel = mSaXE {IOg

+MSH2H§ST‘}. (11)
Ny

Next, we state a Lemma that will help us simplify (11). N
Lemma 2: Consider channel matric&%, andH,, such that Cuirc = Z log
H, = R?H;, andH, = RZH,. ThenH,H| + H,H]
can be written as Using the property that™ largest eigenvalue of a matrix is
i i ok . greater than theé™ largest eigenvalue of its sub-matrix [21],
H,H, + HoH; = RegHo Hy, Réq, we get the following lower bound 0@y rc:

whereReq = R1 + Ry andH,, has i. i. d. complex Gaussian L
entries. Cuirc > D log {1 te (s (ﬁ;mH{ + ]p\?H2H£> SN .
Proof: i=1 t t
DefineHH! = H,H! + H,H}. SinceH, andH; have no , , _ , - (18)
transmit correlationH can be written a3l = Ré;H,,. Then C Notmg\]Nthat th? zghtthh?;d side of the inequality in éle) :js
the receive correlation dfl is MLsel, WE CONCILCE thal.yLrc SEVES as an Upper boun

for Cuisel, 1.€. Selection necessarily reduces the capacity of

P1 o, P2 t
1 i | =—H1H —H->H . (15
=1 { e (Nt R Ve 2” (19)

Req = E {HHT} multi-user ML receiver.
N 1 1 1 For a MMSE-ML receiver, such an inference cannot be
=E {RmeHTL,lRfT + RSHL,zHE,QRST} made. The full complexity MMSE receiver employs a linear
=R, +Ro (12) front-end to mitigate interferenceCyvse-rc Serves as an

upper bound to the capacity achieved by any linear front-

where (12) follows by observing thﬁl{HmHLl} =1. m  end detector. However, selection is a non-linear operation,
To derive the optimal selection criteria, we make the foend by appropriately choosing the antenna subset, the net
lowing assumptions: interference seen by the desired data stream can be reduced.



TABLE | 1
ERGODIC CAPACITY (IN BITS/S/HZ) FORMMSE-ML RECEIVER.

09

@2) [ @3 | 23 [ ECK | FC
o 10036 | .0061 | .0036 | - -
Cwmsesel | 2.07 | 2.48 | 2.05 | 251 | 2.33

0.8

0.7

TABLE I 06

ERGODIC CAPACITY (IN BITS/S/HZ) FOR ML RECEIVER
05

@2) [ (4,3) | (2.3) | ECK | FC 0al |
5 225 | 645 | 225 | - -
Cwisel | 649 | 755 | 654 | 7.55 | 8.47 0sl |

0.2

Therefore, in a multi-user system, the link capacity of MMSE- ,,|
ML receiver can increase by processing the signal from a
subset of antennas. This is in contrast to a single-user system% 1 2 3 4 5 6 7
where selection at the receiver necessarily reduces the capacity.

Fig. 1. CDF of the capacity MMSE-ML receiver
VI. SIMULATION RESULTS

For the purpose of simulations, we assume a uniform linear
array (ULA) with antenna spacindg = 0.4\, where\ is the We see that the curves for optimal SCK-based selection and
wavelength. The angle of arrival (AoA) of usér follows ECK-based selection are indistinguishably close.
normal distributionN (6., 0?%,), whered,, and o,; are the
T Srk/ T " VII. CONCLUSIONS
mean AoA and the RMS angle spread for ugerWe use ) ) . )
the characterization oR given in [22]. We compare the In this paper, we have derived the optimal receiver antenna
performance of various selection matrices fr= 2, N, = 3 selection criteria for a multiple access system. We considered

antennas and, — 2 demod chains. The simulation parameter’é"’o receiver architecture, which employ different multiuser
are chosen as followsd,; = 60°,6,, = 75°, o,.q = 20° detectors, and showed that the optimal channel statistics-based

oy = 20°, p; = 10dB andp, = 10dB. selection gives significant selection gains. For a sufficiently
correlated channel, we showed that the statistics-based solution
A. MMSE Detector achieves capacity close to that of exact channel knowledge-

Table | compares the ergodic capacity for different subset@sed selection. When MMSE front end is employed to sup-

of antennas. Also shown are the values:dbr these subsets. Preéss multi-user interference, optimally selecting a subset of
We see that the optimal antenna subset (1,3) givekda antennas at the receiver can increase the capacity of the multi-

bits/s/Hz selection gain. We define selection gain as tHE€r System as compared to a full complexity receiver that uses

difference in the ergodic capacity between the best and Al the available antennas. This is the main difference between
worst antenna subseét$lote that optimal SCK-based selectiorfn® Pehavior of multi-user antenna selection and single-user
comes within 0.03 bits/s/Hz of the ECK-based selection. antenna selection.
_From Taple I, we also see that optimal antenna selgction REEERENCES
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