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Abstract—In this paper, we evaluate the performance of the
Hybrid-MIMO Receiver Scheme (HMRS) in Cognitive Radio
network (CR-network). We investigate the efficiency of the proposed
scheme which the energy level and user number of primary user are
varied according to the characteristic of CR-network. HMRS can
allow users to transmit either Space-Time Block Code (STBC) or
Spatial-Multiplexing (SM) streams simultaneously by using
Successive Interference Cancellation (SIC) and Maximum Likelihood
Detection (MLD). From simulation, the results indicate that the
interference level effects to the performance of HMRS. Moreover,
the exact closed-form capacity of the proposed scheme is derived and
compared with STBC scheme.

Keywords—Hybrid-MIMO, Cognitive radio network (CR-
network), Symbol Error Rate (SER), Successive interference
cancellation (SIC), Maximum likelihood detection (MLD).

|. INTRODUCTION

IN the present, the using of frequency band in wireless
communication is continuously increased by the new
applications such as WLAN, 3G and 4G. Consequently, the
available spectrums are not enough used [1], the CR-network
is established to solve this problem [2]. In CR-network, the
spectrum sensing and the energy control are strictly operated
by Fusion Center (FC) to eliminate the interference in
Primary-network (PR-network) in common area. In Fig. 1,
CR-network is a wireless communication that consumes the
public frequency band commonly with PR-network during no
PR-user is operated. CR-network can be simultaneously
operated with PR-network in the common spectrum by
adjusting the power under the enforcing threshold. Multiple-
input multiple-output (MIMO) technique is an attracting
choice for CR-networks because it can increase both capacity
and diversity gain [3]-[6]. Normally, there are two schemes of
MIMO technique including STBC [7], [8] and SM [9].
Hybrid-MIMO [10]-[12] is an efficient choice to apply in CR-
network, because the receiver can detects both STBC and SM
streams in the same time and the same frequency. Hence, it
increases both the spectrum efficiency and the information
rate. Generally, the Successive Interference Cancellation
(SIC), Zero-Forcing (ZF), Minimum Mean Square Error
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(MMSE) detection and Maximum Likelihood Detection
(MLD) are commonly used to separate each layer [13]. The
closed-form capacity expression over MIMO fading channels
has been presented in [14]. We proposed the HMRS technique
in [15], the algorithm of detection and the performance are
presented when the variety of both the antenna configuration
and the detection techniques are applied to investigate the
performance of HMRS technique.

In this article, we show the performance of HMRS when the
system is effected by the interference of PR-user. When PR-
user and FC are closely placed or the number of PR-user is
increased, both the level of interference and the diversity gain
are also changed. In addition, we show the varying of the CR-
user energy and PR-user energy when CR-user moves directly
to PR-network area under the limited threshold. The energy of
CR-user can be adjusted to control the quality of information.
Moreover, we derive an exact closed-form capacity expression
over MIMO Rayleigh channels of HMRS by comparing with
2x2STBC technique.

This article is organized as follows. Section Il discusses the
CR-network environments that are modeled for simulation in
section V. In section Il1l, we present the construction of both
2x2STBC and HMRS. The exact closed-form capacity is
derived in section IV. In section V, both SER under CR-
network environment and capacity analysis are simulated.
Finally, section VI summarizes the paper.
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Fig. 1 Cognitive radio network

II. CR-NETWORK ENVIRONMENT

In this section, we introduce an environment of CR-network
that operates with PR-network in common area. All CR-users
transmit signal according to HMRS encoding, the detection of
FC can be done corresponding to HMRS algorithm. The
energy of CR-user and the number of PR-user are considered
for studying the effective result in HMRS system. In this
section, the models of CR-network are used to simulate in
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Fig. 2 The first model of CR-network in simulation

section V. In Fig. 2, the simulation model is assumed as
follows. CR-user moves directly to PR-network (The biggest
line represents the moving direction of CR-user), while other
users do not move and all users operate simultaneously in the
same spectrum band. Every time interval, CR-user moves
closely into the center of PR-network, SNR and SER at FC are
degraded. Therefore, the energy of CR-user is instantly
increased for keeping the diversity order at FC. Presently,
signal to noise ratio (SNR) at PR-base station (PR-BTS) is
also decreased when CR-user moves closely. Therefore, the
PR-BTS commands CR-network urgently to change the
operating frequency or decrease the transmitted power. The
received energy at FC can be described as

Ere =d,E, +d,E, + 07 1)

where d, denote a scaling constant of path loss for P1 and P2,
E; denotes the transmitted symbol energy of CR-user, E,
denotes the transmitted symbol energy of PR-user (we
assigned E,=1.3E;) and another denotes the noise energy.
SNR at FC can be expressed as

dE, 4 @)

SNR = =
dlE2 +o’ 2d1 +1/y

where d; = 0.01, d;=[1, 0.9, 0.8,...,0.3] in each time interval
and ;_/ denotes the average SNR per received antenna.
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Fig. 3 The second model of CR-network in simulation

In Fig. 3, the simulation model is assumed as follows. All
members in two networks operate on fixed position in

common area. The interference powers of all PR-users are
equally assigned as d, P, by using the power control technique,

where ¢, =0.01, d =1 and P; denotes the power of CR-user.
Therefore, the SNR at FC can be considered as
E

SNR=y=— 1
" T U4.NE, 1o

-t _ ©)
1.3d,N +1/y

When the number of PR-user (N) increases, the interference
level at FC is also changed. We will discuss this effect in
section V.

Il. SYSTEM MODEL

In this section, we present the structure and signals in
2x2STBC and HMRS. The effective SNR of both schemes are
explained.

A. Space-Time Block Code scheme
The received signal of 2x2STBC can be described as

Y=H,,,G+W

2x2
B 4
:|:hn h21:||:31 _52:|+|:W1:| ( )
h, hylls, s | [W,
where Y denotes the vector of received signal, Hay, is an 2x2
MIMO channel matrix, G is an 2x2 space-time block code
matrix and W is an 2x1 vector i.i.d. complex circular Gaussian
random variable. The received signal of each receiving
antenna in each time interval can be written as
1
= hllsl + h2152 +W
2
= h,s +hy,s, +W, (5)
_husz + h2151 +W

_hlZsZ + hZZSl +W,

where rlg denotes the received signal of the a™ antenna in the

b" time interval in block. The combining signal can be
expressed as

Sn = t:llhl*l + nf hl*z + rtlz*hn + rt?hzz
= (|hu|2 +]h, [ +|h,,[* +|h22|2)sl +nh; +nh, +nhy, +nh,,
(6)
Hence, the transmitted symbol can be determined as

S, =argmin,_, s

||H2x2|| s‘ , where A denote the signal

constellation. Therefore, the effective SNR per symbol after
combining can be written as [14]

N I o
||H2x2||p o 2

Vstec =
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where ||B|| denotes the Frobenius norm of matrix B. it can be

- 2
defined as ||B|| = [22’;127=1|BU| .

B. Hybrid-MIMO receiver scheme (HMRS)

In this paper, we provide two CR-users that use STBC and
SM technique for transmitting signal to FC. In Fig. 4, each
layer can be separated by using SIC and MLD at FC. The
received signal at FC can be expressed as

hy hy hy hy s s W
Y= h, h, hy, hy,lls, Se* + W, (8)
hls h23 h33 h43 S; S, W,
ha Mo Ny hy ls, S; W,
hy hy
QSM _ h, hy |:§1 §5:| 9)
he hoslls, s
hy

where s, denotes the transmitted symbol of SM user that is
detected by MLD in the first step at FC, the received signal of
SM layer can be regenerated as (9). Then the received signal
of STBC user can be approximated as

1 1
T
2 2
I r
Q’STBC = Y—QSM = t; t32
T
4 4
fh T (10)

therefore, the combining signal can be expressed as
~ _ 11* 21 % 3 * 4 * 1* 2% 3* 4%
S3 = ruhsl + rt1h32 + ruhss + rt1h34 + 1 h41 o h42 +1o h43 1 h44

~ 2
Sn = |Hsrec e S, +ASL+|Heee [ W,

(11)
where Hsrgc is all elements in the 3" and the 4™ column of
MIMO channels during two consecutive time in (8),
As=s, —s, and L denotes the product of |hj; in STBC

combining process. From (11), the transmitted symbol of
STBC user can be determined as

~ : 2 2 .
Sy =argmin__, S”_"HSTBC"F 3‘ . Hence, the effective SNR

per symbol after combining of HMRS STBC-user can be
written as

sTBC 7_/"H sTBC ||2F (12)
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Fig. 4 Hybrid-MIMO receiver scheme (HMRS)

IV. EXACT CLOSED-FORM CAPACITY

In CR-network, CR-user and FC communicate to each other
over fading channels. The channel capacity can be represented
as the maximum data rate that can be supported by channel
without error. It can be used to indicate the merit of the
communication system. In this section, we derive the exact
closed-form ergodic capacity of both HMRS (STBC-user) and
2x2STBC (single user). The probability density function (pdf)
of the effective SNR can be expressed as

(nrng)-1

P, (1) =— e (13)
L(neng)y,

where T'(-) is the Gamma function that can be defined as
F(a):Txa’le’ada' the average SNR per channel can be
0

expressed as ;75 =7, /HHn , ht and ng denote the number of

2
£
transmitted antenna and the number of received antenna,
respectively. The ergodic capacity can be written as

c= R-[owIng (1+7/n)p7n (yﬂ)dy” (14)

we can reduce the complexity of (14) by using the formula

I(m,n)= % J': In(L+ x)x™ ‘e "™dx (15)

or

I(m,n)=P, (-n)E,(n)+ %w (16)

where P,,(-) denotes the Poisson distribution, which can be
defined as

Pa(x) 2 S e (17)

and E;(-) is the exponential integral function of the first
order, which can be described as

t

E,(0) & [P,

; x> 0. (18)

Under perfect CSI, the Shannon capacity of (14) can be
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easily calculated [14] as following using (13) and (16)

- R 19
7 () (19)
or
- Rlp - (WZ"R)_lw 20
C_ |n(2) P"T”R( qn)E1(qn)+ = k :| ( )

where R denotes the STBC code rate, q, =1/7_/s, 0 of

2x2STBC and HMRS scheme can be obtained by using (7)
and (12), respectively. Therefore, the ergodic capacity of
2x2STBC scheme and HMRS technique can be calculated by
(21) and (22), respectively.

1 [Haell ) [ [H...
Corse = In(2) i [_ 752TBZCF = Vstec
HH 2 HH 2\ (21)
R SRR |

Vstec Vstec

k=1

E

E

1 H 2 H 2

22)
Herecl: Harec | (
o[tk o Lk

HMRS HMRS

7
k=1 K

The exact closed-form ergodic capacities of two schemes
are simulated in the next section.

V. SYSTEM PERFORMANCE

In this section, the SER of HMRS under the adjusting
power of CR-user and the number of PR-user are presented by
using Monte Carlo simulation method. QPSK modulation is
applied to simulate SER. We consider the N number of PR-
user that degrades the SER performance. In addition, the
ergodic capacities of both HMRS and 2x2STBC are analyzed
by applying (7), (12) and (20).

Fig. 5 presents the SER performance of each HMRS-user
when PR-network is not operated, the SER performance of
STBC-user is higher than SM-user about 2 dB at 10™“. The
average SER of both users are also presented.
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Fig. 5 Symbol error rate for HMRS technique
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Fig. 6 Symbol error rate of FC when CR-user moves directly to PR-
network area
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Fig. 7 The varying powers of the CR-network and the PR-network
versus the time interval

Fig. 6 shows the SER performance under the situation of the
first model in Fig. 2. The power of CR-user is increased for
keeping the SER level, because the SNR at FC and the
interference from PR-user are changed when CR-user moves
directly to PR-network area. Every time interval, ds in (2) is
increased about 0.1 times of the CR-user power. If FC wants
to keep SER as 10, the CR-user needs to increase the power
continuously in every time interval. Initially, CR-user applies
power at SNR=12dB for keeping SER=10"*. Then in the 1%
time interval, CR-user increases power until SNR=15dB. After
that in the 2" time interval, CR-user increases power until
SNR=16.8dB. The power of CR-user is continuously
increased until the CR-user stops his motion.
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Fig. 8 Symbol error rate of FC when the number of PR-user (N) is
increased
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Fig. 9 The varying power of CR-user versus the number of PR-user

Fig. 7 illustrates the changing of both CR-user power and
SNR at the PR-BTS versus time interval under the situation of
the first model in Fig. 2. When CR-user moves continuously
to the center of PR-network, the SNR at PR-BTS is also
decreased because the interference in PR-network is increased
versus the distance between CR-user and PR-BTS. At time
interval=5, the SNR at PR-BTS is closely decreased to the
threshold level (we assume threshold level=12dB). Hence, the
PR-network commands CR-network urgently to change the
operating frequency. Finally, the SNR at PR-BTS can be
returned to the initial level (21dB) after CR-network changes
the spectrum band.

Fig. 8 illustrates the varying of SER of HMRS when N
number is increased. We assign d,=0.01 in (3), the power from
each PR-user is assigned by E,=1.3E; in simulation. The
distances between FC and each PR-user are assumed as the
equal distance under the situation of the second model in Fig.
3. If CR-network wants to keep the quality of signal, CR-user
needs to increase power according to the N number. The
interfering level increases according to the number of PR-user.
As the results, if the number of PR-user (N) is 1 then CR-user
needs to increase power until SNR at FC is 15dB that differ
from the case of no PR-user about 3dB at SER=10"
Similarly, if the number of PR-user (N) is 4 then CR-user
needs to increase power until SNR at FC is 29dB that differ
from the case of no PR-user about 17dB at SER=10".

Fig. 9 presents the varying power of CR-user when the
number of PR-user is increased under the situation of the

[— =zasTEC !
| - HMRS-STBC user A&

Ergedic Capacity

10 5 20

i
SHR (dB)
Fig. 10 Exact closed-form ergodic capacity of HMRS (STBC user)
and 2x2STBC

second model in Fig. 3. The interference level in PR-network
is changed according to the number of PR-user. The power of
CR-user is needs increased for keeping the quality of
information at SER=10"*. Therefore, N number is an important
factor for designing the CR-network.

Fig. 10 illustrates the exact closed-form ergodic capacity of
2x2STBC and HMRS by using (21) and (22), respectively. As
the results, the maximum data rate that can be supported by
channel without error of HMRS technique exceeds the data
rate of 2x2STBC scheme. Therefore, the higher modulation
order can be applied by HMRS technique.

VI. CONCLUSION

In this paper, we evaluate SER of HMRS in the model of
cognitive radio network under the varying of both power and
the number of PR-user. We apply HMRS technique for CR-
network to investigate its performance in the environment of
CR-network. As the results, the SER performance of HMRS is
degraded by increasing the PR-user number corresponding to
a far distance between FC and CR-user. In Fig. 7, the
correlation between the power of CR-user and PR-user may be
represented as a key for the energy handling in CR-network in
future work. In addition, we derive an exact closed-form
expression of the ergodic capacity of the HMRS technique
compare with 2x2STBC scheme. We will investigate the
HMRS performance in case of channel estimation error which
can be written as a topic of future research.
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