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Abstract

In wireless communications, antenna selection (AS) is a widely used method for reducing
comparable cost of multiple RF chains in MIMO systems. As is well known, most of
literatures on combining AS with MIMO techniques concern linear modulations such as phase
shift keying (PSK) and quadrature amplitude modulation (QAM). The combination of CPM
and MIMO has been considered an optimal choice that can improve its capacity without loss
of power and spectrum efficiency. The aim of this paper is to investigate joint transmit and
receive antenna selection (JTRAS) in CPM MIMO systems. Specifically, modified
incremental and decremental JTRAS algorithms are proposed to adapt to arbitrary number of
selected transmit or receive antennas. The computational complexity of several JTRAS
algorithms is analyzed from the perspective of channel capacity. As a comparison, the
performances of bit error rate (BER) and spectral efficiency are evaluated via simulations.
Moreover, computational complexity of the JTRAS algorithms is simulated in the end. It is
inferred from discussions that both incremental JTRAS and decremental JTRAS perform close
to optimal JTRAS in BER and spectral efficiency. In the sense of practical scenarios, adaptive
JTRAS can be employed to well tradeoff performance and computational complexity.
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1. Introduction

|n wireless communications, mobile internet and multimedia transmission have ongoing

demands for capacity. On the other hand, the available radio spectrum is limited. An effective
and practical method to meet the demands is to employ multiple input and multiple output
(MIMO) techniques, which currently have involved many standards. Expecially in recent
years, massive MIMO has drawn much attention as it plays a key technological role in creating
new spectral and energy-efficient networks [1-2]. When the number of antennas grows,
however, many issues might appear. One is the impact of mutual coupling, which can be
mitigated by irregular antenna arrays in massive MIMO systems [2]. The other is hardware
implementation, the deployment of multiple antennas appears to be expensive due to
comparable cost of multiple RF chains. However, it is possible to employ a technique known
as antenna selection (AS) [3]-[4].

Usually, there are mainly three AS schemes: transmit antenna selection (TAS) [5]-[6],
receive antenna selection (RAS) [7]-[8], and joint transmit/receive antenna selection (JTRAS)
[9]-[12]. In the context of spatial multiplexing, TAS has many similarities to RAS but that a
feedback path must exist to inform the transmitter which antennas to select. JTRAS is the
strategy that chooses a subset of the rows and columns of channel matrix H to maximize the
sum of squared magnitudes of transmit-receive channel gains. In fact, efficient search for
optimal and suboptimal subset of transmit and receive antennas still remains an interesting
open issue.

Many efforts made for MIMO technique mostly concern linear modulations such as phase
shift keying (PSK) and quadrature amplitude modulation (i.e. QAM) [13]-[15]. From practical
point of view, extensive linear power amplifiers have to be imposed on the system. On the
other hand, continuous phase modulation (CPM) is a promising technology for its advantages
such as constant envelope and phase continuity. Its constant envelope makes it more suitable
for low cost nonlinear power amplifier, and its phase continuity makes its bandwidth more
compact. The combination of MIMO and CPM has been considered an optimal choice that can
improve its capacity without loss of power and spectrum efficiency [16].

To date, the criteria of antenna selection have been raised from various perspectives: signal
to noise ratio (SNR) [4], minimum eigenvalue of spatial correlation matrix [4], [17],
determinant of channel matrix [18], and channel capacity [4], [19]. Our contribution in this
paper is to investigate JTRAS algorithms in CPM MIMO systems. Specifically, modified
incremental and decremental JTRAS are given based on channel capacity. Taking into account
the performance and computational complexity, adaptive JTRAS is proposed in our final
discussions.

The rest of this paper is organized as follows. In section Il, the overall model of CPM
MIMO system is briefly described. In section Ill, the computational complexity of several
JTRAS algorithms is analysed. In section IV, simulations and discussions are presented to
verify the analysis. Section V concludes this paper.

A
Throughout this paper, we use the following notations: j=+/—1is denoted as imaginary

number. I, is the nxn identity matrix. Unless specified specially, bold letters denote vectors
(matrices). The superscript (-)" and ()" refer to the matrix transpose and the Hermitian
transpose respectively. The determinate of a matrix is given by det(-). In addition to these,
I(:)||¢ is the Frobenius norm.
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2. System Model

In a CPM-MIMO system equipped with Nt transmit antennas and Nr receive antennas (as
seen in figure 1). If Lt out of Nt transmit antennas and Lr out of Nr receive antennas are

. . . . Nt)( N
selected, the number of joint transmit and receive antenna subsets is equal to (Ltj{Lrj'
r

The scattering channel for transmission of CPM signals is denoted as H of size Lr X Lt.
The main idea of JTRAS is to choose a subset Sr with Lr receive antennas and a subset St
with Lt transmit antennas, such that a large portion of the channel capacity can be
achieved [10-11].
Then, the received vector r should be represented as

r=HS+w Q)
where H is the channel matrix, whose (i,j) entry denoted by h;;, is modeled as independent and
identical distributed (i.i.d) Rayleigh fading between the j-th transmit antenna and i-th receive
antenna. w is the Lrx1 additive white Gaussian noise vector. S is the vector of CPM signal with
complex baseband form [20]. The transmitted signal is expressed as

st = 2ol (o000 @
and
o(t;l) =2th S uqt-(n-1T)  (N-1)Tt<nT @3)

where E; is the transmitted symbol energy, T is the symbol period, h, is the modulation index,
{u,} is the sequence of independent information symbols drawn from {+1,£3,...,.(M-1)}, &
is the initial phase, q(t) is the phase smoothing response.

Y /\ ()

Lr<=Nr

YNr \/Lr A1)

Fig. 1. System model of CPM MIMO systems with joint transmit/receive antenna selection.
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3. Computational Complexity of JTRAS

For channel matrix H in (1), it is assumed that each spatial channel is modeled to be
independently Rayleigh fading. Herein we define ® as all possible subsets of channel
matrix H. Then, the channel capacity after JTRAS can be expressed by



1428 Lei et al.: Analysis of Joint Transmit and Receive Antenna Selection in CPM MIMO Systems

C(Hsel) = Iogz [det(lLr +ﬁ Hsel Hslzl :| (4)

Where Hg, is the selected channel matrix, p is the average signal to noise ratio (SNR) at
transmitter. Several JTRAS algorithms are summarized as follow.
A) Optimal JTRAS

Optimal JTRAS is to find the optimal subset that yields biggest C(Hs) from all
possible subsets. The algorithm is exhaustive because there are |®|=CNr"r xCpetsubsets in
all.
B) Rand JTRAS

Rand JTRAS is to choose from the total Cy,"" xCy"" subsets at random. It is a fast
algorithm as it does not need any computation.
C) Norm-based JTRAS

Norm-based selection is practically a power-based selection [21]. It is an efficient
algorithm as it needs lower complexity of computation. In Table 1, the sets Si and Sj constitute
new rows and columns of selected channel matrix Hy, after antenna selection. As the
computational complexity of norm-based JTRAS largely depends on Frobenius norm of
matrix H, its total computational complexity is O(NtNr) according to the complex
addition/multiplications of this algorithm.

Table 1. Norm-based JTRAS

Procedure Operations
Initialization Sr={1,2,...Nr}, Si={®}; St={1,2,...,Nt}, Sj={D}
for n=1:Nr

Nt
. [HO) = X H D[
Receive antenna i=1

selection end
sort || H(n, :)”F in descending order, then select Lr largest ones from Sr and fill
in Si
for n=1:Nt
Nr . 2
. [HEm] =2 lH )
Transmit antenna i=L

selection end

sort || H(:, n)”F in descending order , then select Lt largest ones from St and fill

in Sj

D) Incremental JTRAS

Incremental JTRAS should achieve better performance than norm-based JTRAS as a
sacrifice of comparably high complexity of computation. Since the complexity mainly
depends on the refreshment of channel matrix while computing the increment of channel
capacity, the total computational complexity is O(NtNrxmax(Lr,Lt)®) [10]. In our paper, we
revise the algorithm in [10] so as to accommodate any number of selected transmit or receive
antennas. In Table 2, as mentioned earlier, p is the average signal to noise ratio (SNR) at
transmitter. S; and S; are defined as the new sets of selected receive and transmit antennas
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respectively. At each step, coefficient pair (i,j) is selected in accordance with maximum of
incremental capacity, in which B, ,.; and Dy, n.; are defined in Appendix A.

Table 2. Incremental JTRAS
Procedure Operations

Sr={1,2,--+,Nr}, Si={®}

St={1,2,--Nt}, Sj={®}

for n,=1:Nr
for n=1:Nt
A(nl’l nt): |h
end

end

nrxnt

[i,j]=argmax{A}
Si={i}, Sj={j}
L=min(Lr, Lt)
Initialization forn=1:L-1
2
1+Ll‘hi s| -
n+1l "
AC(i,j),n = Iogz(1+ﬁhg,j8n,n+lhsi,j]-I_logz 2 _ N
p 2 hiHS' Hr||_| Dn n+1thi Sj
(n+1)> " ' >
[i,j]=argmax{ 4C}
Si=SiU{i} §=5U {i}
Sr=Sr-S;, St=St-S;
Hn :[Hn ’hsist]' Hn+1 :[Hr-:- ’h!-,sj ]T

end
for n=L: Lt

p H
AC(i,j),n = Iogz (14_ m hsi’j Bn,n+1hsi)j ]
if Lr<Lt [i.j]=argmax{ 4C}
SJ:SJ' U {_|}, St=St—Sj
Hn+1 = [|:|r-*l|— ’h-SI;SJ ]T
end
for n=L: Lr

2 ~ ~
AC(i hn — Iogz 1+L‘his - p 2 hll_s| H: Dn n+lthis
D el sl Tz e Dnealhs

if Lr>Lt [i.,j]l=argmax{ 4C}
Si=5;U {l}, Sr=Sr-§;

Hn:[Hthis(]

end
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E) Decremental JTRAS

In Table 3, the computational complexity of decremental JTRAS mainly depends on
complex addition/multiplication and matrix inversion in anthDn’lhj and A,=h;B, 'h;",
the derivation of which is given in Appendix B.

For arbitrary zAz", we have the quadratic form function as [22]

-1

f(h,A)=hAh" =Y ahh'+ 3 Y ahht (5)
i=1

i=li=j j=1

If a=a;", we shall get a;ziz;"=(ayzizi"™)", which means that it is not desired to calculate
the value of a;ziz;" when i>j. Thus, the computational complexity of hAh" is n%2
complex multiplications, given that zisz is already calculated.

As B, and D, are conjugate symmetric matrices, the computational complexity to

refresh J, = h}4 D,'h and A, =hB *h" can be reduced into half by (5). Therefore, the

computational complexity of J, = h}4 Dn‘lhj and A =hB*h" can be represented by

2 2
. (Nr—n) +(Nt—n—l)
2 2

Furthermore, B, * and D,,* are known for each step. Hereof, it is sufficient to calculate
h;"h;and h;h;" for Nt-n times and Nr-n times respectively. Based on binomial formula, the
total computational complexity of can be obtained as

(6)

L Ntfztifl(Nt—n)(Nr—n)fffl(Nr—n)(Nt—n—l) (7)

h
n=0 2 n=0 2
On the other hand, we have to calculate the inversion of D,and B, at each step of

JTRAS. Since the complexity of inversion is O(n®) [23], the complexity of calculating
B, and D, ' is represented as

Nr—Lr—1 Nt—Lt-1
Veo = . (Nr=n)’+ > (Nt-n-1)° (8)
n=0 n=0

Therefore, the total computational complexity of decremental JTRAS can be obtained
as follows

Ve =V, +Vgp
_ NINP?+ NPNE NELE +NrLre® Net 4 NEY Lt Lt ©)
6 6 4 4
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Table 3. Decremental JTRAS

Procedure Operations
Sr={1,2,--+,Nr}, St={1,2,---,Nt}, H;=H
L=min(Nr-Lr, Nt-Lt)
forn=1: L

,0 H
D =(l, . +X£HH
n ( Nr—-n Lt n n)

J,=h"D;’h

[il=argmin{J.}
St=st-{j}
Initialization I:In =Hg,

Pt
Bn:(INt—n—1+EHn Hn)

4,=hB; lhiH
[[]=argmin{ 4.}
Sr=Sr-{i}
Hn+1 =H
end

SrxSt

for n=(L+1):(Nt-Lt)

Dn :(INr—n +£HanH)

Lt
if J, =h{'D'h,
(Nr-Lr)<(Nt-Lt) [il=argmin{ .}
St=St-{j}
H n+1 = H SrxSt
end

for n=(L+1): (Nr-Lr)

~ H

Bn :(INt—n—1+ﬁH |:|n)

Lt "
it A =hB*h"
(Nr-Lr)>(Nt-Lt) [i]=argmin{A,}
Sr=Sr-{i}
H..=Hs.s
end

4. Simulations and Discussions

In this section, we present the simulation results to evaluate several JTRAS algorithms:
optimal JTRAS, rand JTRAS, norm-based JTRAS, incremental JTRAS, and decremental
JTRAS. In each simulation, the phase smoothing function of CPM signal takes the form
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of LRET full response (L=1) with h=1/4 and M=2, and each spatial channel is modeled to
be independently Rayleigh fading.

In Fig. 2, we make a comparison of BER performances among aforementioned JTRAS
algorithms with Nr=5, Lr=2, Lt=2 in CPM MIMO system. For rand JTRAS, the performance
gives no improvement as Nt is increased. For norm-based JTRAS, it gives a little improvement
as Nt is increased. Among these algorithms, optimal JTRAS has the best performances. It is
also noticed in a) and b) that both decremental JTRAS and incremental JTRAS outperform
norm-based JTRAS and rand JTRAS. On the other hand, as Nt is increased, the performances
of optimal JTRAS, decremental JTRAS and incremental JTRAS should become even better.
The reason behind it is that, as Nt grows, the chance of choose antennas with optimal channel
condition should get larger.

—&—rand (Nt=3) [*~ ~
---+-- rand (Nt=5)
, —8—nom (Nt=3)
1074 ---=--- nom (Nt=5)
—#—incre (Nt=3)
% incre (Nt=5)

—b—optim (Nt=3
10 ~+ optim (Nt=5) | . ‘
0 2 1 oNRi4B 8 10 12
a) Performances of incremental JTRAS
10°

3 L
—&—rand (Nt=3)
~-+--rand (Nt=5) -
—8—nom (Nt=3) S

107 -+ nom (Nt=5)

—#—decre (Nt=3) Nt=5/

% decre (Nt=5)

)
)

—4—optim (Nt=3
—+—-optim (Nt=5
0 2 4 SNRindB

b) Performances of decremental JTRAS
Fig. 2. joint transmit/receive antenna selection with Nt=3~5, Nr=5, Lr=2, Lt=2 in CPM MIMO systems

8 10
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In Fig. 3, we make a comparison of BER performances among above JTRAS algorithms
with Nt=5, Lr=2, Lt=2 in CPM MIMO system. Likewise, optimal JTRAS has the best
performances. Both decremental JTRAS and incremental JTRAS outperform norm-based
JTRAS and rand JTRAS. It is further noticed that, the performances of optimal JTRAS,
decremental JTRAS and incremental JTRAS should get even better as Nr is increased. On the
other hand, norm-based JTRAS can only improve little. Especially for rand JTRAS, it gives no
improvement. The reason is that random selection can merely produce nominal optimal subset
with equal probability from others. These results in both Fig.2 and Fig.3 show that antenna
selection plays an important role only in decremental JTRAS, incremental JTRAS and optimal
JTRAS. However, from the perspective of computational complexity, the three algorithms
may have their respective features (as discussed later).

10°

BER

—&—rand (Nr=3)
—+— rand (Nr=5)
—8—nom (Nr=3)
3| - nom (Nr=5)
—#—incre (N=3)
—#—incre (Nr=5)
—¢—optim (Nr=3
| —+— optim (Nr=5 .
0 2 4

SNR in'dB . L ¥

a) Performances of incremental JTRAS

107 Bt

—a—rand (Nr=3) |
~+-rand (Nr=5)
=—8—nom (Nr=3)
10| — 7= - norm (Nr=5)
—#—decre (Nr=3)
= decre (Nr=5)
—b—optim (Nr=3)
| —*— optim (Nr=5)
0 2

SNRind8  © W =
b) Performances of decremental JTRAS
Fig. 3. joint transmit/receive antenna selection with Nt=5, Nr=3~5, Lr=2, Lt=2 in CPM MIMO

systems
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Asis illustrated in Table 2 and Table 3, TAS and RAS are employed alternately each time.
As reference, we give simulated results for separate TAS/RAS (TRAS) in Fig. 4. The
algorithm of TRAS is to select Lt out of Nt transmit antennas while assuming all the Nr receive
antennas are functional in the first step. Afterwards in the second step, the similar procedure is
applied at the receiver side to select Lr receive antennas assuming the previously selected Lt
transmit antennas are active [24]. It is demonstrated in Fig. 4 that, separate TRAS
outperforms norm-based JTRAS. Although the two algorithms both employ two step
selection, the former is based on channel capacity in each step while the latter is based on
Frobenius norm of matrix H. Meanwhile, it is observed in Fig. 4 that alternate selection
between TAS and RAS always outperforms separate TAS/RAS.

BER

—&— porm

107
- - incre (seperate)

—-+-- incre (proposed)

- % - decre (seperate)

y —— decre (proposed

107 ;
0 2 10 12

5
SNRindB

Fig. 4. Comparison between proposed JTRAS and separate TAS/RAS

In a band-limited system, the spectrum efficiency can be characterized by (4) as
convenient general capacity [25]. In Fig. 5, we make a comparison of spectral efficiency
among aforementioned JTRAS algorithms with Nt=6, Nr=8, Lr=2, Lt=2 in CPM MIMO
system. Itis illustrated that the spectral efficiency of rand JTRAS algorithm is the lowest. The
spectral efficiency of decremental JTRAS and incremental JTRAS behaves close to optimal
JTRAS. It can be noticed in Fig.2, 3, 4 and 5 that the performances of both BER and spectral
efficiency of decremental JTRAS should be a little better than those of incremental JTRAS,
the reason of which is stated in Appendix B.
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10
N
I
a
E
>
Q
5 :
= —=— optim
{5 —+— rand
g 2 —#%--nom
i e
c% oGS
- decre
100_ L L L L L L L L
0 2 4 10 12 14 16

6 8
SNRindB
Fig. 5. Spectral efficiency of several JTRAS criteria in CPM MIMO systems with Nt=6, Nr=8

In Fig. 6, we make a comparison of computational complexity among aforementioned
JTRAS algorithms. For convenience, we confine the CPM MIMO system with Nt=12, Nr=12,
Lt=Lr=L. It can be seen that, as L grows from 1 to 12, the complexity of decremental JTRAS
decreases compared to incremental JTRAS. Since optimal JTRAS is an exhaustive searching
algorithm, the computational complexity is unbearably high. Although the complexity of
norm-based JTRAS will remain invariably low, it is meanwhile noticed from Fig. 2, 3 and 4
that, its BER performance is unfortunately not so good. Therefore the tradeoff of norm-based
JTRAS may only exist when SNR is low. Furthermore, both incremental JTRAS and
decremental JTRAS perform close to optimal JTRAS in BER and spectral efficiency (as
shown in Fig. 2, 3, 4 and 5). It is inferred in Fig. 6 that we can employ adaptive JTRAS
wherein incremental JTRAS shall be adopted if the number of selected antennas is less than
half of total antennas, whereas decremental JTRAS shall be adopted if the number of selected

antennas exceeds half of total antennas.
9 T T T T T T T

—+— Optimum selection
—e— Nom-based selection

= |ncrement selection
—-=--Decrement selection N

co
T

-~
T

[=7]
T

e
- —Jf5-—-8-—~- 8- —2

3t Adaptive JTRAS 8

Complexity of computation log10(x)

1 1 I I 1 I 1 1 1

1 2

3 4 5 6 7 8 9 10 11 12
Number of selected antennas (Lr=Lt=L)

Fig. 6. Computation complexity of several JTRAS criteria in CPM MIMO systems with Nt=12, Nr=12
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5. Conclusion

In this paper, we have concluded and investigated several joint transmit/receive AS algorithms
in CPM MIMO systems. Modified incremental and decremental JTRAS algorithms are
proposed to adapt to arbitrary number of selected transmit or receive antennas.

In addition, we have analyzed the computational complexity of several JTRAS algorithms.
For a comparison, simulations have been performed to evaluate them. It is inferred from
pragmatic point of view that, adaptive JTRAS should have better tradeoff between the
performances and computational complexity.
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Appendices

A) Channel capacity of incremental JTRAS:

First, it is assumed that, Sr is the set of total receive antennas and St is the set of total
transmit antennas. Si and Sj are defined as the subsets of selected receive and transmit antennas.
It is further assumed that H, is defined as the channel matrix after nth step of JTRAS. In
(n+1)th step, if we choose transmit antenna j and receive antenna i successively, and add their
corresponding channel vectors into H,, then hg;,; is referred to as the channel between transmit
antenna j and subset Si, meanwhile S;=S; U {j}. The channel after adding transmit antenna j can

be expressed as H, = [Hn 7hSi,j:|' Likewise, hj,g; is referred to as the channel between receive
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antenna i and subset Sj, meanwhile S;=S; U {i}. The channel with added receive antenna i can
be expressed as H,,, =[ H],h SJ] :
In the nth step, the general MIMO channel capacity is given as

C(Hn):Iogz[det(ln+§HanH)} (A1)
In the (n+1)th step, the general MIMO channel capacity is given as
C(H,.,) =log, {det(lm1 np - HMHM)} (A2)
Substitute H,,, =[ H] ,h ]T into (A2), then we can obtain
C(H,.,) = log, [det(lm L{ HH - Hhg H (A3)
n+1 hi’SanH h th,g

Using matrix theorem 13.3.8 in [22], detFZ( VT/}:det(X)-det(\N —-ZXY), then (A3)
can be expressed as

C(H,,)= Iogz[det(l +ﬁH H )}logz[u P |h,sj| -

) (Ad)
(npl)2 LA, +%H A )-lth,*;J}
Substitute A, =[H, .hy ;] into H H", we can obtain
L A AN =LHH -—L _H HI L " (A5)

n+1 " n " nin+d) " " n+1 o
Using the matrix determinant lemma det(X+Y)=det(X)det(I+X™Y), we plug (A5) into (A4)
and obtain

Iog{det(ln +£2 I:Inl:ln”)}: Iogz[det(ln +£Han“)}+
n+1 n

Iog{det(l +(1 +—H HH)™ (e 1h3”h:1 —ﬁHnH?))}

(A6)
If we define matrices B, =(I,+2H H") and D,, =(1,+2H A")™, substitute (A6)
' X ' X

into (A4) , then we obtain

C(H..,)=C(H, )+Iog{det(l +|3nn(—1 SIIth—ﬁHnHy))}
(A7)

2
P P
Iogz I:1+ | |SJ| (n+1)2 hl SJH Dnn+lth||;J:|
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B) Channel capacity of decremental JTRAS:

In Table 2, it is noted that, it is requisite for incremental JTRAS to select the pair (nr, nt)
with largest gain at initial step. However, it may not be an optimal choice as it makes just
partial contribution to channel capacity, and the discrepancy should become more obvious
especially when the number of antennas gets considerably large. Therefore, decremental
JTRAS may be an improved algorithm in this aspect.

First, it is denoted that, Sr is the set of total receive antennas and St is the set of total
transmit antennas, i.e. Sr={1,2,---,Nr}, St={1,2,---Nt}. It is assumed that, h; (j € St) represents
the jth transmit channel vector which makes least contribution to channel capacity. After
transmit antenna selection, h; is deleted from H. Thus the subset of selected transmit antennas
should be S; =St={j}. Similarly, it is assumed that and h; (i€ Sr) represents the ith receive
channel vector which makes least contribution to channel capacity. After receive antenna
selection, h;is deleted from H. Thus the subset of selected receive antennas should be S
=Sr—{i}. It is further assumed that, the channel matrix after n steps is denoted as H, with size
(Nr-n) X (Nt-n), n=min{Nr-Lr, Nt-Lt}. Then it can be deduced that, the channel matrix Hy.;
after n+1 steps can be represented as

H,(H)" +h(h)" =H (H)" (B1)

(Hn+1)H Hn+1+(hi)H hi :(H;q)H H‘n (BZ)

Where H, is a (Nr-n) X (Nt-n-1) matrix, Hy; is a (Nr-n-1) X (Nt-n-1) matrix. Then after
n+1 step, the general MIMO channel capacity is given as

C(H n+1) = Iogz |:det(| Nt—(n+1) + ﬁ H r:-'+1H n+1)i| (83)
Applying Sherman Morrison equation [26] into (B3), we obtain
C(H,.,) =C(H,)+log, {1—Lﬁthi(lm_(n+1> +|_£t(H'n)H H,)"(h)" } (B4)

and

C(H,) =g, det(l,  + 2 H,(H))")|

(B5)
P P -
= C(Hn)+ Iogz [l_E(hJ)H (INr—n +E Hn(Hn)H) 1hj}
Therefore, C(H,.1) can be rewritten as
C(Hn+1) = Iogz [det( I Nt—(n+1) +ﬁ Hr:—1+1Hn+1):|
=C(H,)+log, | 1-Z(h )" (1, + 2 H_(H)")*h |+
Lt Lt ! (86)

P P g \Hg
|ng |:1_L_thi(|Nt—(n+l) +L_t(Hn)H Hn) 1(hi)H:|

:c(Hn)+|og2[1—ﬁ(hj)H D;h, ]+ log,[ —ﬁhiBn‘l(hi)H]
Where
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C(H,) =log, {det(lNrn +ﬁ Hn(Hn)H)}

(B7)

By = (g 1 (H) HY) (88)
_ P H

Dn_(INr—n_|_|_t Hn(Hn) ) (Bg)

Thus in decremental JTRAS, it is desirable for us to select h; and h; in accordance with
argmax{C(Hn.1)}=argmin{J,, 4.}, where J = hi'D;*h; and 4, =hB'h"
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