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Abstract—We study co-primary spectrum sharing concept in
small cell multiuser networks. Downlink transmission is con-
sidered with Rayleigh fading in interfering broadcast channel.
Multiple-input-single-output (MISO) system is considered in two
small cells. The sum rate maximization problem is studied in
two cells having multiple users with multiple subcarriers. Zero-
forcing (ZF) precoders are considered at both base stations.
The problem becomes non-convex then and we factor the main
objective problem into two subproblems. First subproblem is
multiuser with subcarriers allocation where we assume that
each subcarrier can be allocated to multiple users. Gale-Shapley
algorithm is proposed for subcarrier allocation problem. Second
subproblem is where ZF precoders are employed at both base
stations for allocating power. It leads to water-filling based power
allocation for both base stations.

I. INTRODUCTION

Nowadays, spectrum sharing concept is an important as-
pect to improve spectral efficiency. Authorized shared access
(ASA) or licensed shared access (LSA) is a new concept that
allows license holders (or incumbent users) to share spectrum
with other service providers, under suitable conditions. Co-
primary spectrum sharing is another concept which is designed
to enable sharing spectrum between primary users.

In [1], LSA concept in 2.3 GHz spectrum band is demon-
strated for spectrum sharing between mobile network operator
and incumbent users. The smart antennas technologies is used
to enhance LSA systems [2]. The implementation scenarios of
LSA by using active antenna is proposed to reduce spectrum
exclusion and interference detection. Different types of in-
cumbent users and factors for allowing spectrum sharing with
LSA from their perspective are considered in [3]. In [4], the
authors consider co-primary spectrum sharing for dense small
cells. Spectrum efficiency is improved by making small cells
utilize available spectrum efficiently through intra operator
spectrum allocation and inter operator spectrum management.
Simulations show the verification of spectrum efficiency im-
provement.

The spectrum sharing in cognitive radio aspect is studied
in [5]. Unlicensed secondary users maximize their capacity
by cooperating with primary users. The primary user will
choose a secondary user as a relay. Then, based on relay
selection in secondary users, power splitting, and transmit
power, maximization the secondary capacity are explored.
Maximization the minimum transmission capacity link of the
secondary user with guaranteeing the target capacity of the
primary pair is studied.

Sharing spectrum between the co-located radio networks
which supported by different operators is studied in [6]. The
spectrum is partitioned into non-orthogonally shared frequency
sub-bands to maximize the inter radio access (inter-RAN)
networks. A zero-forcing pre-coder is used in each dedicated
frequency sub-bands while a sparse pre-coder is used to
serve the scheduled users in shared frequency sub-bands.
With user grouping, spectrum partitioning and user scheduling
optimized, the maximum sum rate optimization is studied.

Stackelberg game formulation is proposed in two-tier fem-
tocell network which contains one macro base station (MBS)
and many spectrum sharing femtocells in [7]. MBS acts as
a leader and femto base stations (FBS) act as followers.
The MBS adjusts it power and imposes interference price on
femtocells to maintain its users minimum rate requirement
and earns revenue. Then, FBSs optimize power based on
the imposed interference price which takes the cost of both
spectrum sharing and energy usage into account.

In [8], the achievable rate region that can be achieved by
using beamforming vectors that satisfy the power constraint
is defined. Moreover, the Pareto boundary for achievable rate
region for interference channel is provided. They propose an
optimization method to compute the Pareto boundary of the
achievable rate region for the two-user multi-input single-
output (MISO) interference channel.

In our work, we propose spectrum sharing in multiuser
two small cells network. The small cell base stations employ
multiple antennas, each user is equipeed with a single an-
tenna. Zero-forcing (ZF) precoder and subcarriers allocation
for downlink transmission are considered in our optimization
problem. We assume that both base stations allocate users in
dedicated subbands and shared subbands. Each base station
allocates it’s users to utilize the shared bands when the number
of subcarriers is not enough to serve overall users.

The sum rate maximization of multiple users with multiple
subcarriers allocation problem is proposed. The problem be-
comes non-convex and therefore we separate the main problem
into two optimization subproblems. In the first subproblem, we
allocate subcarriers to users by using Gale-Shapley algorithm
[9] by assuming that each particular subcarrier can be allocated
to multiple users. The number of users which are served by
each subcarrier is less than or equal to number of transmitting
antennas. In the second subproblem, ZF precoder is employed.
Thus, both stations allocate power by water-filling based on
ZF precoder.
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II. SYSTEM MODEL

Both BSs allocate users in their dedicated bands first and
then allocate in the shared bands. In each cell, the base station
allocates same amount of bandwidth to each set of users.

The base stations employ multiple number of antennas
such that N, , N7, for base station k, and j, where j # k
respectively. At base station k, the number of total users
is more than the number of transmit antennas denoted as,
I, > Nr,, where I;; is number of users in dedicated band
of the cell k.
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Fig. 1. Spectrum Sharing Between Two Small Cells

To allow simultaneous transmission to multiple users on
the same subcarrier n, with the beamforming vector at the
transmitter, we can formulate as

n = HnTnxn + Zn, (])

where T,, = [Tin,....,Tr.n] is the Np X I trans-
mit beamforming matrix where each component T;, ,, =

Nt
1
(T3, s o le *1T is the N, x 1 beamformlng vector allocated
to user i, on subcarrier n and X, = [T1p,..., 7, 0T is

the 7y X 1 column vector representing transmitted symbols to
different Iy users. H,, = [HY ..., HT_,]" is the I}, x N,
complex channel gain matrix on subcarrier n and H;, , =
[H} s H ZZ T;;}T is the channel gain between BS and any
user i, € Iy in the cell k on subcarrier n. z;, , is additive
white Gaussian noise with zero mean and covariance matrix
07 e Yn = [Ylns - Yz m]” is the Z x 1 received vector
whose components are the received signal by different users
{1, ..., Zx }, respectively.

Thus, in the dedicated band of the cell k, the received signal
by user i on subcarrier n is given by,

Tk
Yien = Hip n Ty nSiyn + E Hi, nTjnSjen + Zigns
J=1,j#ix
(2

where Z 21 jzi HignTjy nSj, n is the intracell interference
(ICD). It is required to select ¢, < N7, users out of Zj, users
in each subcarrier. Number of simultaneously served users on

each subcarrier is limited by the number of transmit antennas.
There are Cj, = ZZ 2, (7*) combinations of users who can
utilize same subcarrier, each of them is denoted as .A;, , where
A, ={1,...,Zx}, 0 < | A4, | < N, denotes the cardinality of
set A, . Assuming that the group of users A, is assigned to
subcarrier n, then received signal by any user (i, € Ay, ) is as,
Yig,n = Hlk, le,nsikm + ije-Atk,jk?fi;, Hlk, TJk’nSJk,n +
Ziy.m» Where ZMGAW#” ir,n Ljx,nSjs,n denotes the inter-
ference caused by users on the same subcarrier n. The total
achievable rate at user i in the cell k is given by,

N Ck
R;, = E § pik,n,tklogQ(l + Flk,n) 3)
n=1t,=1
|FLi, n Ty 0l
where I';, ,, = bk . In the
V5T ‘ ijEAt’k kAL H'ik,nTjk,nSjk.n+Zik,n|2
cell j, we can express the total achievable rate R;, at user i,

in the cell j similar to (3). We consider to maximize the total
rate of two cells in both dedicated band and shared band part.
We assume that the number of subcarriers in dedicated band
of cell k£ and j where k # j is N and M, respectively.

In the shared band part, both intracell and intercell interfer-
ence affect at all users. The intracell interference is caused
by the same subcarrier allocated to users and the intercell
interference is caused by the broadcast signal from the other
base station in the same frequency for shared band.

Thus, we can formulate the weighted sum rate maximization
problem as,

max Zlkefk RZk + Zijelj R'L

Yiver, 2onen [Tiwnll? < PO,
Zi]»ezj ZmGM ||Tij,m||2 < ijw
Yiver, Pinnty < N1y Yty
Zz‘jte Pism,t; < N1y Vm,t;
Pintes Pijmit; € 10,11 Vnom, b, bt (4)

subject to

where p;, .+, denotes whether subcarrier n is assigned to user
i € Ay, in the cell k, then p;, ¢, = 1, otherwise p;, nt, =
0. And p;; 1 ¢; denotes whether subcarrier m is assigned to
user i; € At]. in the cell j, then Pijmit; = 1, otherwise
pi;me; = 0. We assume that each particular subcarrier is
allocated to more than one user. In addition the number of
users which are served by each subcarrier is less than or equal
to number of transmitting antennas.

III. RESOURCE ALLOCATION ALGORITHM

This problem is mixed-integer and nonconvex and we
propose a heuristic method to solve (4). To reduce the com-
putational complexity, first we find the subcarrier assignment
and in the second stage, we employ ZF precoder for allocating
power to users in the particular subcarrier by using a fixed
subcarrier assignment. In the fist stage, the algorithm for
subcarrier allocation in the cell k is described according to
Gale-Shapley algorithm. Similarly for the cell j. As given in
the stable marriage problem, we assume that role of men is
assumed by the users, while the role of women is assumed by



the subcarriers. If the number of subcarriers is not enough to
serve all of it’s users, the base station will ask the remaining
users to utilize the shared band. Note that in the cell j, we
repeat the same process as in the cell k. The algorithm for
subcarrier allocation with ZF precoder design is described in
Table L.

Set Rzk =0 for ik € Ik

For each user i, € Zj,, make a preference list of dedicated
subchannels B;, = [a1, ..., an] such that

Ly o2 > (i o, |12 i U< m

3. For each dedicated subchannel n € N, make a preference list
of users @, = [B1, ..., Bn] such that

[H5, nl* > [, ol|2 if L < m

N —

4.  For each subchannel n € N, initialize the user acceptance list
An = @
5. Repeat
6. For each user i, € Zj,
7. If 3§n such that i € A, (i.e. if there is no acceptance list
to which user i belongs to)
8. Find the subchannel a; € B; with the highest preference,
9. If |Aa,| < N,
10. Put user i, in the acceptance list A,
11. Else if 3y € Aq, such that 371(3) < B71(7) in the
preference list Qq,
12. Replace the user « by user 4 in Ag,
13. End If
14. Remove a from the preference list B;
15. End If
16. End For

17.  Until {3n such that iy, € A,, for every iy, € Z;;} OR
{Bs,, =0 for any i, € I, }

18.  Find the subset of users Z; C Zj, which have not been assigned
to any acceptance list

19. Do steps 2 to 17 for users in Zj, using shared subchannels.

20.  For each user i}, € Ty,
21. Allocate power in that particular subchannel n by using
waterfilling (for ZF precoder)
22.  End For
23.  For each user iy, € 7y,
24, Compute the rate achieved Ry
25.  End For
TABLE I

SUBCARRIER ALLOCATION BY USING GALE-SHAPLEY ALGORITHM WITH
ZF PRECODER

IV. PRECODER DESIGN

We consider zero forcing precoder for both base stations.

A. Zero Forcing Precoder

In this section, we find the user power allocation based
on zero forcing (ZF) precoding [10] for a fixed subcarrier
assignment. Assume that in the cell £, we have chosen p;, .+,
for each subcarrier n. And similar to the cell j, we have chosen
Pi;m,t; for each subcarrier m. With ZF precoding design, it
provides perfect orthogonality across the interfering broadcast
signal. Thus, in the shared band, both intracell and intercell
interference are eliminated.

For the dedicated band of both cells, the ZF precoder design
is to null the intracell interference across other users allocated
to the same subcarriers. In the cell k, the precoder T, ,, is
designed to achieve zero interference between users i.e. for

user i assigned to utilize the subcarrier n in the dedicated
band,

Hik,nTjk,n = 07 Zk # jka Zka]k € At;w (5)

similarly in the cell 5. Thus, ICI is cancelled in both dedicated
and shared bands of both cells. In he cell k£, we define
S, contains the indexes of users iy,i, € A;, assigned to
subchannel n. and let g, = |S,|,Vn. The channel vectors
of selected uses in the rows of a g, X Nr,. is as, Hs, =
(hs, (1),ns - Ds, (g.),n] " » Where Sy, (b) is bth user in the set
Sy.. The beamforming vectors in columns of Nz, x g, matrix

for each subchannel Ts, = [Ts, (1),n; - hs,(g,),n]- Then,
the ZF constraints in (5) are rewritten as,
Hs Ts, = diag(\/pn),Vn (6)

where p,, = {pa,n} is users power vector comprised of p, , =

hsn(a),nTSn(a),n’ a € {17 7971}
With the restricted direction of Ts, to the pseudo-inverse
of matrix Hs, as done in [11], we can obtain (6) as,

Ts, = H{ diag(/pn),Vn (7

By replacing (7) in (4), we can obtain the power constraint of
the BS & as,

I, N
Z Z iy nPixn — P <0 (8)

ir=1n=1

where

_ _{ (HE )PHL Jaa if ix = Su(a),
azk,n - O

otherwise
) _ Pa,n if Zk = Sn(a/)a
Pixm 0 otherwise

Then, we replace (Hs,Ts,)? by pi,.n in the data rate
equation of the cell k. If the subcarriers in the dedicated band
is not enough to serve all users, the remaining users will be
assigned to use the shared band. The ZF precoder in the shared
band can be written in the similar way as the dedicated band.

In the cell j, we replace (Hs, Ts,,)?> by pi,m in the
same way. By choosing p;, n.¢, and p;; m ¢, as in subcarrier
allocation stage, we do not need subcarrier constraints in
power allocation part. The total achievable rate of user 7, and
user ¢; which allocated in the particular subcarrier n, and m
can be reformulated as R;, = >, ., log,(1 + p’::) and

Zi
Ri, = > em log2(1 + me), respectively. The total sum
rate optimization problem is rewritten by,
maxpik,'rupij,'rn Zikelk le + Eij €l; R%
subject to Eikelk EnEN Qi nPig,n < P
Ser, Cmens Gymbism < PP, ©)
The sum rate maximization problem in (9) becomes convex
and can be solved by using Karush-Khun-Tucker (KKT)

m



conditions. Thus, it yields to water-filling power allocation.
For the cell k, we can write Lagrangian dual problem as,

I N i, m
L =300 12— wi,log, <1+i:)

,n

Ik N max
=A ( Zikzl Zn:1 Qiy,,nPip,n — Pk:

where A\ is the Langrange multiplier. With the first order
derivative of L with respect to p;, , set equal to zero with
complementary slackness, it leads to

+
* _ 1 A
pik,n - </\*aik~" Zlkan)

where (.)* = max(0,.). For the cell j, we can write KKT
conditions in a similar way. Thus, the power allocated to each
user 4; in the cell j for the particular subcarrier m can be

given as,
+
* _ 1 .
pij,m - ()\*aiij - Z'Lj,m>

V. NUMERICAL RESULTS

(10)

(1)

(12)

The numerical results illustrate maximizing sum rate
throughput for two small cell multiuser system. Rayleigh
fading channels are considered for downlink transmission. The
transmit beamformers for both cells are employed with zero
forcing beamforming and hence they cancel intra-cell and
inter-cell interference. The number of antennas at both base
stations (N7, ) is set to be 4 and 5. Each user utilizes a single
antenna in both cells. The number of subcarriers for dedicated
band N and M for the cell j, and & is set to be 1, 3, and 4. We
denote Ngyare and Mare as number of subcarriers allocated in
shared band for cell k£ and cell j, where j # k, respectively.
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Fig. 2. Sum rate versus SNR for single cell

Fig. 2. demonstrates the sum rate for asingle cell. The
number of users (/) are 15 and 18 for each case. The number
of subcarriers for dedicated band /V is 3, and 4. The number of
subcarriers for shared band is 1 and 3. We can see that when
number of subcarriers in the shared band (N ) is higher, the

120 T T T T T
o Ik:|1=10' NT:NT:A' N=M=4, N M

1

share” " 'share

share™Mshare ™2

3

i
Ik=lj=12, N, =N =4, N=M=4, N

N

1)

S
T

]
h=h=12, Ny =NL=4, N=M=4, Ny =M™

M

5

3

share”'share

P
o— 1718, Ny =Np =4, N=b=4, N

80

60

40

Sum Rate (bits per channel use)

20

0 2 4 6 8 10 12 14 16 18 20
SNR

Fig. 3.  Sum rate versus SNR for two cells with different number of users
and number of subcarriers in the shared band

overall sum rate is improved dramatically. In addition, when
N7, and I}, increase, the sum rate becomes higher.

Fig. 3. shows the sum rate for two cells. The number of
users in the cell k and j is denoted as I, and I;, respectively.
I}, and I; are set to be 10, 12 and 18 for each case. The base
station k, and j utilize 4 antennas. It can be observed that
when I}, = I; = 12, Ny, = N, = 4, N = M = 4, by
varying Nghare and Mp,ee to be 1 and 3, the overall sum rate
does not change. This is due to the fact that all users can be
allocated subcarriers in the dedicated band. Both base stations
do not assign users to utilize the shared band. The number of
users which can be served in the dedicated band is equal to
the number of transmit antennas multiplied by the number of
subcarriers.
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Fig.4. illustrates the sum rate of two cells. When the number
of transmit antennas Ny, , NTj increases, the sum rate becomes
higher. Also, if the noise variance is lower such that o;, ,, =
10~* and oi;,;m = 1, the over all sum rate throughput will
increase. Moreover, if the number of users is higher and they



are allocated to both dedicated and shared bands, the overall
sum rate improves significantly.

VI. CONCLUSION

We proposed co-primary spectrum sharing concept for the
MISO small cell network. The sum rate maximization problem
is studied with subcarrier and power allocation. The resource
allocation problem becomes non-convex and thus we obtain a
sub-optimal solution. We seperate the main obtimization into
two sub-problems. In the first sub-problem, we allocate the
subcarriers to each user by employing Gale-Shapley algorithm.
Each subcarrier can be allocated to multiple users. In the
second sub-problem, ZF precoders are utilized at both base
stations to cancel both intra-cell and inter-cell interference.

Numerical results illustrate the over all sum rate for both
base stations with uncorrelated antennas. We also show the
overall sum rate throughput with different number of sub-
carriers served in dedicated and shared bands for both cells.
With different number of antennas at the base stations and
number of users, the sum rate is explored. We invetigate the
scenario when the number of users is higher than the number
of transmit antennas multiplied by number of subcarriers in the
dedicated band. Then we allocate the remaining users into the
dedicated band after finishing user allocation into the dedicated
band. The sum rate enhances significantly, especially when
the number of subcarriers in the shared band is increased.
Moreover, when the number of transmit antennas increases,
the sum rate is improved.
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