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Abstract x)

Spectrum scarcity is one of the issue in wireless communication. Dy amjc p ectrum

sharing is the solution for this problem in which the underutilized sp re utilized
efficiently. Multiple Input Multiple Output (MIMO) ba |t|v using spatial
coding is used to dynamically share the spectru al ow im I neous usage of
spectrum by more than one user. The drawba@ patial{cod is the achievable
capacity get reduced with the increased numb cogrﬁ\mw sers which limits the

i e number of secondary

number of users to share the spectrum. In to max
p&r presents a cluster based

users sharing the spectrum of the pri % er, this

multiple primary and secondary user; O sp oding which provides higher
capacity. The entire network is dIVI 0 numb luster based on the location such
that each cluster will be mterf e ee fro otker. Each cluster is designed with one
primary user and many sec users and a User Scheduling algorithm called Cluster
Based Max Signal Powe ser chedul'n%@BMSPUS) is proposed to select two best
secondary users in eac er. Sin erformance of spatial coder depends on the
channel matrix, this @ analyze spatial pre-coder under Rayleigh, Rican and
Nakagami fading c with Itlple users and evaluate the capacity of users under

algoﬁ‘@ e results show that the Nakagami fading channel
ers. Primary user calculated capacity is 10.8bits/HZ
/channel at loW=SNR re%’ d 14.2 bits/HZ/channel at high SNR region. The secondary
user archives max capacity of 9.8bits/HZ /channel at low SNR and 13
bits/HZ/channel at NR. The Proposed Scheduling method offers maximum of 15dB
gain comparing scheduling algorithm.

Keywo@mnitive radio, fading channel, MIMO, Spatial coding, user scheduling

% uction

nitive Radio(CR)technology offers spectrum sharing using three modes namely
interleave mode, overlay mode and under lay mode .Among the three modes , interleave
is not efficient because it allows to transmit only during the primary user not using
spectrum .Therefore continuous communication on the secondary user side is not
possible. Multiple Input Multiple output (MIMO) technology enables the possibility of
the overlay and underlay communication, in which both the primary user and secondary
user can use the same spectrum simultaneously. Power split, interference alignment and
linear pre-coding are the methods used to achieve the underlay and overlay
communication. Instead of exploiting the spectrum opportunities, MIMO [1] techniques
target to harvest the spatial channel gain through intelligent antenna and signal processing
techniques for simultaneous usage of spectrum by more than one user without
interference. There are few works addressed in the literatures in this direction of spatial
domain spectrum sharing. For MIMO Z channel with assumption of primary signal will
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not interfere with secondary, capacity maximizing transmission scheme for the secondary
user that satisfy the primary user interference constrain has been presented in [2-3].
Interference minimization pre-coder for interference limited MIMO Z channel is
presented [4] to maximize the sum capacity of CR by minimize the interference to
primary .The channel with minimal value of singular value is selected and transmitted
such that it will introduce minimum interference.

When cooperation is between primary and secondary to share the spectrum, it is
possible to do interference alignment with the cooperation such a scheme is called as
opportunistic interference alignment. This opportunistic interference alignment is
successfully used to overcome the interference from secondary to primary radio [5-7].

Most of the reported techniques in literature give priority only for the primary users
and designed to minimization of the interference to primary user or nulify the
interference to primary user. The secondary user interference from pri ';u%)not
considered and in presence of primary interference, it can transmit only E%am data
rate by satisfying the primary user interference constrain. This paper the spatial
coding scheme which can eliminate the interferenc at prigia cognitive
receiver .The achieved capacity of the scheme is analyzetin jhe fadin ironment like

S
P

Rayleigh, rician and nakagami for both primary-e 4, Secondar . To allow more
secondary users to share the spectrum with good rate, Wi g mechanism and a
user scheduling algorithm is proposed .The rgst of the pa;& rganization as follow:
Section 2 discuss the system model. Clu sed architecture has been proposed in
Section 3 with Cluster Based Max Signeﬂ%‘ r User S ling (CBMSPUS) algorithm.

The Section 4 presents the performa he p p@i system and Section 5 concludes
the paper with the summary of the %
2. System Model .

Since the CBMSPU orith \@Hng the network and allows to share the
spectrum between pf primar?}ﬁge nd two secondary users at a time, the system
model is formulatedwithone primaty user and two secondary users .The proposed system
model conside mary condary radios with MIMO configuration of 2x2. The
interference ents t%%ri ry from secondary and from primary to secondary are

considered. ThHis"model
in Figure.1

Received sign@p imary is given as below
Yy = Hilx, X, Hilx; +N, 1)

Where@ received vector of the dimension 1xM, where M is the number of receiver
anQn@here M=2), X, is the transmitted vector from primary user with dimension of

wn as X —channel model. The system model is represented

1 here N is the number of transmitter antennas (here N=2). Vector X is j" secondary
user Yransmitter data of dimension 1xN, Hj1 is the interference channel from j" secondary
user to primary receiver 1, Np is the additive white Gaussian noise and H11 is the channel
matrix of dimension 2x2 between the primary transmitter and primary receiver.
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Figure 1. System Model W|t CR andﬂg?e PR in 2x2 MIMO
urab&@
Received signals of the tw % ry’s are
ysl =H22x_, + H12x 32;‘:; (2)

ys2 = H33x_,+ ;& + HEK{% Nﬂ (3)
Where the ys1 a are receivied signal vectors of dimension 1xM of secondary user

ly. T annel matrix H22 and H33 of dimension 2x2 are from
itter 1 to_secendary receiver 1 and from secondary transmitter 2 to
secondary re r2. Héh e interference channel from primary user to secondary user
1, H32 is the interfer?&c annel from to secondary user 2 to secondary user 1; H13 and

H23 are the inter, e channels from primary user to the secondary user 1 and
secondary user pectively.Ns; and Ng, are additive Gaussian noise added with
secondary aiser 1 and user 2 .xy , Xx. are the secondary userl and secondary user 2

n the receiver side to cancel the interference from other user. In order to cancel

transmitte Is.

Eac mitter employs a pre-coder vector v; on the transmitter side and decoder
veetor
t%rference of other user the pre-coding vector v; and decoding vector u; should
atis

satisfy the following conditions [8]
uf Hyv, = 0,Vi # j 4)
*rcmk[uHHm =1 (5)

With the pre-coding and decoding vector at transmission and reception, the received
signal equation of the primary user is [8]

}rp—ulHllle ‘|‘E} _ul GHjl v x Sj-l-uffN (6)

Here the pre-coding and decoding vectors for primary user is denoted by w4 and

14 .Pre-coding vectors for secondary userl and secondary user2 are denoted by u,,us.the
decoding vector for the secondary userl and user2 are v, ,Vs.
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With the spatial coding, the received signal equation of the secondary users can be
represented as [8]

ys1l =uf H22v,x, + ufH12v,x, +uf H32vox, +uiN, 7

¥s2 = ui H33vyx, + uf H13v,x, + u§ H23v,x, + uj N, (8)

In the above equation the first term is the desired signal, second and third terms are the
interference component from other user that can be cancelled out if the pre-coding and
decoding vectors are selected such that they can satisfy the equation (4) and
(5).Calculation of encoding and decoding vector can be done by solving the equation (4).

Expanding equation (4) for three users of one primary user and two secondary users the
equation 9 to 11 are formulated; the first user is the primary user (i=1;j=1) and %wo

o

users are the cognitive users.
o
ulH,v, = ;ulHyov, = 0Vi=2;j = ‘% 6 (10)
Ui Hyj vy = ubl Hyqvy = 0Vi=3;5=1,2 \ @ (11)
From equation 9-11 solving for 17;[8] Q V
Hy,v; —Hyzvy = 0y Q . x (12)
Hyy vy — Hyyvy = 03 ‘ Q \% (13)
Hyvy —H3v, =05 ,&%\ \Q) (14)
vy, = HisHyavy 46 %g,\ (15)
D

vy = HE;-HM.IJ:L @ (16)

vy = H3 1 Hypv, o Q @ (17

From equatio '§ “‘1 can efined as

v, = H3! H":L Y171 (18)
From above equatloié s solved as below
v; = eigenve ;iHSZHI%HiSHEéHZij (8] (19)

From 27,4 usingequation (16) and (15) vz and v, are solved; once 17;;175; 175 are found
we can us& ion (4) to solve u,; uy; 2y
H

I@ 2 = quHla”a =0 (20a)
1" = ufsz:av:a =0 (20b)
u3Hy vy = uiHyvy =0 (20¢)

The above equations are solved by using SVD method and the 1, ; 5 ;15 vectors are
obtained.

Simulation of the proposed system has been carried out using the simulation flow
diagram of Figure 2. Monte Carlo simulation is used to analyze the capacity for the
Rayleigh, Rician and Nakagami fading channel. Table 1 gives the simulation parameter
values used. Figure 2 is the generic simulation flow that is used for simulating and
analyzing the capacity of primary user and two secondary user .Random bit source is used
as binary data source that is modulated by BPSK modulation, coding and decoding vector
generator blocks calculate the pre-coding and decoding vector by using the above
discussed equations. Encoding process encodes the modulated vector sequence x by using
the encoder vector v, the encoded sequence is propagated through the fading channel.
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Fading channel is generated by MIMO fading channel realization block. Received
sequence is decoded using the decoding vector u, in the decoding process all the
interference is eliminated because the encoding and decoding vector satisfying the
equation (4).Interference free signal is then used to calculate the capacity of users.

BK MIMO Fading | H
Random bit ) BPSK channel N capacity
generator MOD relization analysis
X | H ? uHvx
cocz]g v Y + %‘
decoding ||  Precoding ) channel @W
vector gen vx| propagation, byxH

control channel

Y

Figure 2. Base Band Signal Pro

@Jsed in

Table 1. Paramé

The capacity of the primary user is

ssing Mod

0dB - 30dB
100000

P_H. v, vPHEu u
Iogzdet I, + pril11 Wy 99y 1/M N

The capacity of the secondary user 1 is

= log,det | I,, + " 51t

P_.H

22V V3 Y HZ 2zUz U
Muz

Similarly the capacity of the secondary user 2 is
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P H . v.vPHE u u?
=log2det I, + s2piigglig g gz llg E/MuaNﬂ (23)

The SNR, BER and the channel capacity of the primary user is depends on the term
ui H11 v, , similarly the secondary user 1 and user 2 are depends on w2, H22v_, and
uZ,H33v,_, term respectively

3. Cluster Based Max Signal Power User Scheduling (CBMSPUS) for
Multiple Cognitive Users

User scheduling is used to select one or a set of users among multiple users afa given

time to use the wireless channel .Various approaches of user selection were rep in
the literature. Under cognitive radio environment, the user selection involves t ction
of the cognitive radio for sharing the spectrum with the primary user such h selected
users will not degrade the performance of the prim ry Sek. C er can be
opportunistically selected to obtain the multi-user div galn general, the
selection of SUs is done by two approaches, the S enera m interference
on primary receiver (PR) are selected [11] suU ho hleve the highest
throughput for the secondary network are selecte while ke the interference to PR
under certain constraints [12-14]. In [13] as step e C power allocation is done
such that the interference generated to® |th|n |n interference temperature

constraint. Then, in second step, the C W|t h@ ghest signal-to-interference-plus-
noise-ratio (SINR) is selected. \

Primary u

dinfree

cluster2

cluster1
dinfree

@lgure 3. Cluster Architecture with 3 Clusters with One PU in Each

In this work the entire set of the primary and cognitive user nodes are clustered such
that each cluster is interference free from each other and it is based on the location and the
maximum transmit power of the node. Each cluster only one primary user and multiple
cognitive users are considered.Figure.3 shows the cluster architecture and this model
assumes that every node will know it’s location and other nodes location in the network.
Clustering is done based on the location of CR node from the PR nodes. Any CR node
within interference free distant to another PR will be a part of the cluster. The Cluster
Based Max Signal Power User Scheduling (CBMSPUS) algorithm is applied to cluster
the entire network and to select the two cognitive user such that the selected users will
maximize the signal power component of the primary user. This adaptive user selection is
done for every W interval, which can be fixed by minimum transmission time requirement
of the CR user to achieve the required quality of service and coherence time of the
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channel. In the spatial coding the signal amplitude determining term for the i" user can
be written as

Jgi = U szvz (24)

The |”‘gr0up in a cluster, which is selected for allow simultaneous transmission under
scheduling can be written as

G, =1{P,CR,,,CR,.}Vi=123 .. N (25)

Optimal current set G;,,,, with primary P; and cognitive users is one which maximize
the signal power of the primary user at a given time

G_:l'ﬂ-*pr = {P_;I"C'Elﬂ*pr’ CR“o*pr} (26)
The optimal group set to transmit at the given time can be obtained by solvingy d

Gippe =aTY maxG ﬁ‘} W
Where [5; is P; primary user signal power component in j™ cluster jopt
optimal group W|th one primary user and two secondar s-afte Detalled

scheduling algorithm CBMSPUS is given below.

Cluster Based Max Signal Power UserS&é@ﬁng o x

(CBMSPUS) algorithm \
K9 ,-'\@

Step 1.Colect all CR node loCatisa/L ;
Step 2. If L;~L; dmfm, ith eaeh ary P add i" CR node in Cluster C;

Step 3.User selectlon n@ch clusﬁsolve the spatial coding vectorsi;;,v7;;

Step 4.Set G, b ng the fo ng problem with the valuesit;
G_;l'o*pt =arg m@ ﬁ

in .i'_i'
Step 5.Ap ial coding it Set and do Transmission of data

Step 6.Waitfor t,,, tr@[ (t.on:dmas) time and continue the communication with

current set  Gigpe

Step 7. If £ ==h,_\g0 to step 3.

The interferenge'free distant between the primary and CR user is set s dyy, fpee, the
location oﬁgﬁhrynary user and i" secondary users are L; and L; ,the coherence time of the
primary annel is £, , maximum delay that will not affect the QOS requirement of
sec (@ user is dq.; and the allowed time interval to transmit using current
s@e or the time interval between consecutive scheduling is t,,.

4. Result and Discussion

Simulation has been carried out for the discussed cluster based CR system .Values of N
and M is set to 2. For different values of SNR from 0 dB to 30 dB, capacity of the primary
and secondary user under different fading channels are studied. Figure 4 shows the
capacity of primary and two secondary users for Rayleigh fading channel realization.
From the Figure 4 it is clearly understood that the primary user achieves higher capacity
than the two secondary user because the scheduling algorithm maximize the PR signal
power.
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Average Capacity Vs SNR (2x2 MIMO ) FOR Rayleigh channel
12 T T T T T

—S— PR_capacity
—+—— CR1_capacity
—&— CR2 _capacity| .. .. . .
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Avearage Capacity(bits/sec/HZ)-—->

o 5 10 1;5 z;o 2;5 30 v
SNR(dB)--->
Figure 4. Capacity of Spatial Coded 2x2 MIM& der Rayfej ading.
ﬁ(} dary user archives
maximum capacity of around 2.2bits/HZ /chanpel dtiow SN egion and it is around 8.4
bits/HZ/channel at high SNR region. Q

Average Capacity v%\(zxz Nqu?f?r RICIAN channel

—e— PR __capacity

gl —+— CR1 cgs;c
a|

For the primary user the capacity is around 5bi
is around 11.6 bits/HZ/channel at high SNR

SNR(dB)—>

Figure S@acity of Spatial Coded 2x2 MIMO System under Rician Fading

Rlcggannel is realized with line of sight component value as 0.8 and from
the achieved capacity of rician channel can be observed. For the primary
usenNthe capacity is around 5.7bits/HZ /channel at low SNR region and it is around
8.7 bits/HZ/channel at high SNR region. The secondary user achieves maximum
capacity of around 4.8bits/HZ /channel at low SNR region and it is around 8
bits/HZ/channel at high SNR region.

For Nakagami channel realization the m samples of Nakagami can be generated by
well-established method of random generation, such as the percentile transformation
method or the rejection method. By generating gamma distributed samples (e.g., the
gamrnd (-) matlab function) and it’s square root the desired Nakagami-m samples are
realized [9]. For gamma distribution the A and B parameters are set to 4. Figure 6, shows
the achieved capacity of the primary and secondary users under the Nakagami channel.
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Average Capacity Vs SNR (2x2 MIMO ) for nagagami channel
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Figure 6.Capacity of Spatial Coded 2x2 MIMO System under

Fading
Simulation results show that the capacity for Naka@ in I is higher than
that of others fading channels. For the primary cap |ty round 10.8bits/HZ
/channel at low SNR region and it is around 14. s/HZ a%ge}at high SNR region.

ts/HZ /channel at low
R region. Rayleigh fading

The secondary user archives maximum cap of arouEd
Cian achieve$ the least capacity among the

SNR region and it is around 13 bits/HZ/ I at hi
achieves next high level of capacity

Out (FIFO) cognitive user s ling algorithmYFigure 7 shows that the capacity of the
primary user with FIFO and the CBMSP, cheduling algorithm. From the Figure it is
evident that the primary t@pachiev um capacity under CBMSPUS scheduling

around 4.4 bits/HZ/e a%l at low & region and around 6.8bits/HZ/channel at high
SNR region. But @é; case it\is around 2.5bits/HZ/channel at low SNR region and
around 4.7bit Qa nel at\i R region. At low SNR region for the same capacity
of 3 bits/HZ* the d scheduling algorithm provides 15dB gain comparing
FIFO algorithim:” At hlm R region for 6.8 bits/HZ/channel, CBMSPUS scheduling
provides 13dB gain t f FIFO algorithm.

three. \h
Performance of the proposeg s@lmg a@r is compared with the Fist In Fist

CITY VS ENR (2x2 MIMO Y with and without schadullng for primary user

I —e— PR capaﬂty—under aohedullng
Q —+&— PR_capaclty-worst case

0 5 10 15 20 25 30
SNR(db)-—»

Figure 7. Capacity of PU User with FIFO and CBMSPUS Scheduling for
Rayleigh
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5. Conclusion

MIMO cognitive radio is the current research topics under which various underlay and
overlay cognitive spectrum sharing transmission schemes are proposed. Spatial degree of
freedom offered by the MIMO system enables to develop various spatial coding system to
mitigate the interference while sharing the spectrum between primary and secondary
users. In this research study, the achievable capacity of primary and secondary user under
Rayleigh, Rician and Nakagami fading channel are simulated by Monte Carlo method.
Using spatial coding, the interference from other user can be fully eliminated but the
capacity of the user’s decreases with the increase number of users. So spatial coding fixes
a upper bound on the number of secondary user. To facilitate multiple cognitive user to
share the spectrum with good data rate a cluster design is proposed With two secondary
and one primary user and a Cluster Based Max Signal Power User Schﬁ@)ng
(CBMSPUS) algorithm is presented which will select adaptively two cognltlvw for a
given single primary user in a cluster such that the signal power of the pri ser will

be maximum. ‘% @
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