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Abstract—A precoding strategy is one of the representative b

interference management techniques in cognitive radio (CR)
network which is a typical interference-limited environment.
The interference minimization approach to precoding is an
appropriate scheme to mitigate the interference efficiently while
it may cause the capacity loss of the desired channel. The
precoding scheme for the maximal capacity of the desired channel
improves the capacity of the desired channel while it increases
the interference power and finally causes the capacity loss of
the interfered users. Therefore, we propose a precoding scheme ST SR
which satisfies these two conflicting goals and manages the
interference signal in such an interference-limited environment.
The proposed scheme consists of two steps. First, the precoder
nulls out the largest singular value of the interference channel to
mitigate the dominant interference signal based on the interfer-
ence minimization approach. Second, the transmitter calculates desired channel while it increases the interference power and
the sum capacities per mode and selects a mode to maximizefinally causes the capacity loss of the interfered users. There-
the sum capacity. In the second step, each mode consists ok,e ‘\ye propose a precoding scheme which satisfies these two
the right singular vectors corresponding to the singular values - . . .
except the largest singular value eliminated in the first step. con_fllctlng goals_and mana_ges the interference signal in suc_h
Simulation results show that the proposed precoding scheme not an interference-limited environment. The proposed scheme is
only efficiently mitigate the interference signal, but also has the a multi-mode precoding technique based on the minimization
best performance in terms of the sum capacity in a MIMO-based  of the interference channels. The proposed scheme consists of
CR network. iy . . two steps. First, the precoder nulls out the largest singular
Index Terms—Cognitive radio, spectrum-sharing, MIMO, . . ;
multi-mode precoding, vitrual SINR yalue of the |_nterference channel t_o mitigate the_ d_or_nmqnt
interference signal based on the interference minimization
|. INTRODUCTION approach. Second, the transmitter calculates the sum capacities

S . - de and selects a mode to maximize the sum capacity.
Multiple-input multiple output (MIMO)-based cognitive ra-P€" MO ) . .
ultiple-input multiple output ( )-bas gnity n the second step, each mode consists of the right singular

dio (CR) networks have been proposed in order to efficient'ljd/

PR

=t

Fig. 1. System model for a MIMO-based CR network system.

utilize radio spectrum which is a limited natural resource [1 ectors corresponding to the singular values except the largest

[2] and satisfy the demand for high data rate multimedlk<|ngular value eliminated in the first step. The virtual signal

wireless services [3]. Therefore the MIMO-based CR networ(%)Irlterference pIu_s noise ratio (SINR) consists of Igcally
observed channel information [5], and the sum capacity can

have recently received great attention [3] [4]. . : . . .
The spectrum-sharing environment of CR networks is %e Calctlfl?te: via tlhet \f['rtl.w;l SINtR. n at?r'ftrt'bmed -ﬁay l(“':sérll_?
typical interference-limited system in which a precoding straE—e partial channel state information at the transmitter ( )
egy is one of the representative interference managemgmhe |r_1terference channel. The proposed precoding scheme
; . . an be implemented irrespective of the number of antennas at
techniques [3] [4]. In spectrum-sharing environment of Ctransmitters and receivers and improves the total throughput
networks, the precoding techniques should deal with interferf—a system which is the sum capacity in this paper in MIMO-
ence problem in advance. Simultaneously, it also provides tﬁgsedyCR networks P pap
maximization of the sum capacity of all receivers. ’
In this paper, we propose an appropriate precoding scheme|| sysTemM MODEL AND CONVENTIONAL SCHEMES
for MIMO-based CR networks. The interference minimization
approach to precoding is appropriate scheme to mitigate fhe System Model
interference efficiently while it may cause the capacity loss of We consider two transmitters, single primary receiver (PR)
the desired channel. The precoding scheme for the maxinaald secondary receiver (SR), and each transmitter or receiver

capacity of the desired channel improves the capacity lohs multiple antennas as shown in Fig. 1. The received
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signal vectors at the PR and the SR, and yg, are given,  In this section, in order to simplify the derivation of the pro-
respectively, as posed scheme, let us consider the number of receive antenna
is equal to the number of transmit antenidg = M.

_ \/pPP\/PPTH \/USP\/PSTH
Yo = iy PPXP + Nz SPXs TP, A Nulling Out the Largest Interference Based on Interference
(1) Minimization
VPssvV Pst This section introduces the first step to null out the largest
ys = WHSSXS +1ns, @ singular value of the interference channel to mitigate the domi-

nant interference signal based on the interference minimization

where My (M) is the number of transmit (receive) antennagynroach in the proposed precoder. Under the assumption of
and Hpp, Hss and Hsp are theMp x My channel ma- hq high SINR as in [8], (3) can be approximated as

trices between the primary transmitter (PT) and the PR, the
secondary t_ransmitter (ST) and the SR, and, the ST and t_fgap ~ log, det (pPPPPT HPPHgP)
PR, respectively. These channels have complex entries which

independently follow complex Gaussian distribution with zero
mean and unit variance.,pp, pss andngsp are the channel
gains forHpp, Hgs andHgp, respectivelyPpr (Psr) is the

transmit power of the PT (ST) andpr (xs) is the transmitted “ (5)
signal vector for the PT (ST). We define a transmitted signal ) S

vector xp (xg) as an information signal vector of the PTMaximization ofC'’p can be obtained by minimizing in (5).
(ST) which hasM; independent Gaussian data streams witinimization of a can be obtained by letting the determinant
E [xpxZ] = Tas, (E [xsx¥] = Iar,). np (ns) is anMp x1 component ofa be zero since the logarithm functiop, =
AWGN vector at the PR (SR) with variance df /2 for each l0g, is @ monotonically increasing function farwhich has

P,
—log, det <stpwwHH§P + NOIMR) .

wW

dimension. the minimum value ofeo at 2 = 0. The determinant term of
The capacities of the PR and the SR with a precoding vectrS 9iven by
w at the ST,Cp andCyg, are given, respectively, as P - _
P det <77$: ST HSPWWHHgP + N()IIVIR> = O’% e JZ2\/IT’
w
Cp = log, det <IMR + MprHgP
i ’ ©®)
—1
. (WHSPWWHHgP +NOIMR) . wheredt,..., 53, are the singular values of since 3 is
TYw a symmetric matrix. To maximiz€p, at least one singular

(3) value should have zero among the singular valueg.ofo
pssPsr Hegww HE simplify the problem, let us assume that the high signal to
o~ No )7 (4 noise ratio (SNR). The approach to the low SNR case is
given in next paragraph. Thefl can be approximated as

where~., is a normalization factor which is defined ag 2  (1spPst/vw) Hspww H{},. Then the SVD of3 is

2| H ~ ~ ~ ~ o~ o~
E ||W . Xs|| :| = trace (WW ) kIHSPWWHHgP _ k[UEVH . VZHUH
It is assumed that the transmitters have locally observed

Cs = log, det (IMR +

LTI HTTH
information of the channels. The PT and the ST have infor- o k[UEi U )
mation on the channel¥ »» andH g, respectively. Also the _jer 00 -
ST knows the interference channék; p as in [3] [4] [6]. =U-[ o . o -U (8)

0 0 o3
1. DISTRIBUTED MULTI-MODE PRECODING SCHEME Mr

BASED ON THEINTERFERENCEMINIMIZATION APPROACH Wherefj' f} and\? are the SvVD components @ spw and

In this section, we proposed a precoding technique in CR = nspPst/vw. The SVD of the interference chanridls
networks. The proposed scheme is a multi-mode precodi§g@Ven by
technique based on the minimization of the interference chan- g1, — U4, 34, VE,
nels. The proposed precoder maintains the ability to mitigate

the interference via the interference minimization approach o 0 0 Vil

and guarantees the channel capacity of the desired user by the =[Ui--Ung)| o - 0 :
multi-mode precoder. The conventional multi-mode precoding 0 0 oumy VII;’[T
scheme in [7] selects the singular value of tiesired channel _ H H

in descending order. However, the proposed multi-mode pre- =[OV 4+ oy Unir Vi, | ©
coding scheme selects the singular value of ititerference  With the precodew of [V1,..., Vi_1, Vii1,..., V] for
channel in ascending order. 1<k < Mpr, we can makerkUkV,? of (9) a null matrix in
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the desired signal space, sin88” - V; = 0 for i # j and  C, = log, det (Inr, + Voirtual)

VH.V.=1fori=j. ThenSXH of (7) is given b P
! ! (=g Y = log, det <IMR + MHSSWWHHgS
»»H = diag (a%,...,ai_l,ai_H,...,UZQMT,O), (20) P v 1
'(MHSPWWHHgP + NOIMR) 7
for1 <k < Mryp. Yw

From (6), (7), (8) and (10)et (8) =61 -3 ... 53, = 0. erevyirtuar is the virtual SINR at the ST.

Therefore the proposed precoder can minimize the mterferencqe_et us assume that the received SINR is high, (3) and (4)
power by letting at least one singular value be zero. can be approximated as

However, at the low SNR, (6) can be expressed by

eeeler gy, HI,
det (8) = det (k; - diag (03, ..., 0%,) + NoI Cp = logy det | pe it = ,
€ (ﬂ) = de ( 7 - dlag (O’l,...,JMT) + Nog MR) WS?WSTHSPWWHHSP +NOIMR
= (k[O'% + N()) """ (k10-12\/IT + N()) . (11) (14)
Pst Hgsww HEZ
In order to minimize (11), we should null out the singular Cs = log, det (ps:gy ST 2088 N SS) : (15)
W 0

values as many as possible since the singular values are always
positive values. However, as the number of the eliminatggspectively. Then the sum capacity,., can be expressed as
singular values by nulling out increases, the rank of th

precoder decreases so that the number of data streams the Cp+Cs
ST can transmit also decreases. It can cause the capacity loss kp|Hppl|® [Hgsw]|?
at the SR. Therefore, we utilize the virtual SINR to determine "~ 1082 det krl[Hspw|? + Nol F Ny
the number of singular values to eliminate by nulling out. 9 )

That is, we compare the gain for the decreased interference _ 1, ot { </€P||HPP|| ) < ks||Hssw]| )}

power by nulling out the singular values with the loss of the No kr|Hspwl||> + NoI
desired channel capacity by the decreased data streams. But at 2
- " kp|Hpp|
least the largest one singular value should be zero to mitigate = log, det = | Yeirtual
the dominant interference signal at low SNR and perfectly No

eliminate the interference signal at high SNR environmenfs o kp = pppPpr/Mr, ki = nspPsr/vw and ks =

In conclusion, the proposed ramk-precoder (which is called P Therefore. the maximum sum capacit c;n be
modesm precoder in [7]) can be expressed by P55 Pt/ Y- i pacty

achieved by maximizing the virtual SINR-based capacity such
1/2 that we should select the precoder to have a maximum virtual

Wm = [VI\/IT—'rrH-h VMT—TTL+27 cee 7V1\/IT] B- PWF’ (12) SINR-based Capacity.

After applying the precoding scheme based on the interfer-
ence minimization in Section IIl.A, there atelr — 1 kinds
of available precoder (mode-2, ..., My —1) we can choose.
In order to apply the multi-mode precoding scheme proposed
in [7], which uses the mutual information of the desired
channel, we have to define the mutual informati6ty,, as
the virtual SINR-based capacity related information for the
B. Distributed Multi-Mode Precoding Scheme via Mirtual selection criteria in the proposed precoding scheme. Then the
SINR selection metri€yr and the capacity based selection criterion

can be expressed, respectively, b
This section introduces the second step to maximize the sum P P ¥, by

capacity in the proposed precoder after the first precoding ste%,
Given the locally observed information at the ST, [5]
proposed a simple transmission scheme based on maximizing (

(16)

where 1 < m < Mp — 1, V; is the right singular
vector of the interference chann&élsp for 1 <j < My,
B is the matrix composed of right singular vectdisg -
[V]\/[T,mfl,VI\/[T,m+2, .. .,VMT], and Py is the water-
filling power allocation matrix.

pssPst wh

WM) = log, det (IM + HSSHSSWM

w

the virtual SINR-based capacity at the transmitter. The virtual

P —1
ISPZST o H pHspwy + N()I> 5
SINR is defined as the ratio of the desired signal power

Tw

received at the desired user to the sum of noise plus a weighted (17)
sum of the_interference powers to the _remaining users. In m' = argmax Cyr (W) (18)
Fig. 1, the virtual SINR;y,ir+wai, @and the virtual SINR-based 1<m<Mp—1

capacity,C.,, are given by The mutual information per mode is obtained by (17). Given

pssPst gy Mr—1 mutual information per mode, the ST finally selects the
Y (13) mode corresponding to the largest mutual informati©py,

5Pt Mg pww T HE, + NoTay, as (18).

HyyH
SSWW HSS

Yvirtual =
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Fig. 2. Ergodic capacities for the various schemes when we ¥ary &  Fig. 3. Ergodic sum capacities for the various schemes when weR@fy
each receiver.

selection. From the simulation results, the proposed precoding
scheme is better than the pre-whitening scheme in terms of

The proposed scheme is compared with the post-whitenimgerference suppression, and also better than the D-SVD in
[9], pre-whitening [4] and D-SVD [3] schemes. It is assumeteérms of the total system capacity. The proposed scheme could
that the interference channel gajgr and the desired channelbe an effective precoding method even in limited feedback
gains, ppp and pgs, are equally 0dB. In addition)/r = environment.
Mp = 4. Fig. 2 and Fig. 3 show the ergodic capacities versus
Psr whenPpr = 1 and SNR = 10dB at the PR.

The paper [10] established a new way of finite-rate chanrié |- F. Akyildiz, W. Y. Lee, M.C. Vuran and S. Mohanty, "A survey

inf fi cSI) feedback f the PR CR net K on spectrum management in cognitive radio network8EE Commun.
state information ( : ) eedback from the ina Network. \agazine, vol. 46, Issue. 4, pp. 40-48, April. 2008.
Under the assumption of limited feedback from the PR to thg S. Haykin, “Cognitive radio:brain-empowered wireless communications,”
ST is available as in [10], we simulate the proposed scheme !EEE J. Sd. Areas Commun,, vol. 23, no. 2, pp. 201-220, 2005.
. L . Lo R. Zhang and Y. C. Liang, “Exploiting multi-antennas for opportunistic
in suc_:h a Ilmltgd feedback environment. In limited feedba spectrum sharing in cognitive radio networkiEZEE J. Sol. Topics. Signal
of 4bit and 8bit cases, (5, 5, 6) and (85, 85, 86) codebooks Process, vol. 2, no. 1, pp. 88-102, Feb. 2008.
are used in (modé; mode2, mode3), respectively. [4] M. Kang, B. Jung, D. Sung and W. Choi, “A pre-whitening scheme in a
. ( . ) . P " Y . MIMO-based spectrum-sharing environmen£EE Commun. Lett., vol.

Fig. 2 and Fig. 3 show the ergodic capacities for various 12 no. 11, Nov. 2008.

precoding schemes at each receiver and sum of all receiv@sR. Zakhour and D. Gesbert, “Coordination in the MISO interference
i i channel using the virtual SINR framework”, Rroc. ITG WSA' 09, Berlin,
respectlyely. In Fig. 2, the proposed .scheme outperforms the Germany, Feb. 1618, 2000.
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i i i~ 19th International Symposium on, PIMRC 2008, pp.1-5, Sept. 2008.
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proposed scheme is a suitable method to deal with interfer- Oct. 2005. _ _
ence. In Fig. 3, the proposed scheme with the perfect CSPf B.O. Lee, H.W. Je, I. Sohn, O.S. Shin and K.B. Lee, "A novel uplink
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always outperforms t.he co_nv.en.tlonal schemes_. Moreover, the wgess Commun,, vol. 8, no. 10, pp. 4981-4987, Oct. 2009.
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IV. SIMULATION RESULTS
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V. CONCLUSION

A multi-mode precoding scheme based on the interference
minimization is proposed in an interference-limited commu-
nication system such as MIMO-based CR networks. The
proposed precoder not only let the interference power have a
minimum effect on information signals, but also maximize the
sum capacity via the virtual SINR maximization based mode
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