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Abstract—In this paper, we consider a coordinated multi-point network operators and the direction of the future evolutibn
transmission (CoMP) scheme used in a cellular system where L.TE-A seems to be guided by CoMP.
antenna ports are distributed throughout the cell, insteadof using In this paper, a downlink COMP scenario is considered

a single base station. Two schemes are considered; eitherrts . . .
can be switched on and off (Binary Power Management, BPM) @nd ports (remote radio heads in LTE-A terminology) are
or their transmission power can be adjusted (Continuous Poer utilized to form a distributed antenna system. It is assumed
Management, CPM). The goal is to maximize the minimum signal that inter-user interference in a cell is eliminated by gsisig
to interference plus noise ratio (SINR) in the network for bah  the resource blocks (RBs) to the users of the cell in an
sciirgeﬁsr.st problem is NP-hard and the second one is multi orthogonal fashion, i.e., in each cell only one user equipime
modal. We propose to use particle swarm optimization (PSO) s (UE) is aII(_)wgd to use a Spec'flc RB. On the Ot_her_hand’
a solver for both problems. It is demonstrated that the propsed the transmission of the ports using the same RB in different
PSO based algorithms can efficiently solve both problems. Fu cells can interfere each other. To simplify the formulatio
thermore, through simulations, it is shown that for the sametotal  demonstration, transmission over a single RB is considiered
transmit power per port, CPM outperforms BPM. this paper.
Index Terms - Distributed antenna systems, CoMP, port selec-  Aythors in [3] investigate a similar scenario. The objetiv
tion, radio resource management, particle swarm optimizabn.  of the problem in [3] is to maximize the minimum SINR
among all users by decreasing the best port settings. They
|. INTRODUCTION handle this problem by setting the ports either on or off, i.e

The ever increasing user demand from wireless commufiPort can either transmit at a fixed power or it is switched off

cation systems in terms of both data rate and also coverdyfe c@ll this scheme as Binary Power Management (BPM). The
has been the underlying motivation of the search for adwinddoPIeém is NP-hard [5] and need to be relaxed before it can
technologies. Traditional interference avoidance tegphes D€ SOlved by an optimization tool, e.g., CVX [7]. Semidesnit
which reuse frequency and time resource blocks to mitigate {€l2xation (SDR) is a good way to tackle NP-hard problems
terference, utilize spectrum inefficiently and can be imadge [6], Put it gives suboptimum results and can become not
to meet the demand for higher data rates. SINR degradatf§i§mising for more complex problems. _
due to signal attenuation and interference from other cells!n this paper, we allow ports to transmit at a power level in

for cell edge users can be considered as a coverage isd{}g.interval0, Prnax] rather than{0, Prax} as in [3]. We call
Furthermore, using transmit power efficiently is importdne thiS Scheme as Continuous Power Management (CPM). It can

to both system performance and environmental aspects. be shown that although the search space is continuous, he co

It appears that all these issues cannot be simultaneod&fjction is multi-modal, i.e., there can be many local optim
addressed and solved by the techniques which have b&8ftions besides the global one. Therefore it is important
used in the last decades. Future developments will tend "¢ thedglobal %pn_murr? solution glvmlg the best s;tup.
be based on cooperative transmission rather than intedere In. order to o tal_n t e.opt|mum SO qﬂon_, we otter t_o use
avoidance, leading to coordinated multi-point transroissi Particle swarm optimization (PSO) which is an evolutionary
and reception (COMP) [1]. COMP is a promising techniqugpt'm'zat'on method_flrs_t pr_oposed in [8]. 1_'he mqst |mpo'rt<_':1n
for communication networks, especially in heterogeneais nfeature of PSO is, it distributes the particles (L.e., fuissi

works (HetNets) [2], due to the deployment of low pOWe§o|utions) throughout the search space and performs algloba

nodes, i.e., pico-, femto-cells and remote radio heads. EoMEArch- As in many other evolutionary optimization algois,
offers self-optimization and self-configuration functaity for >0 @IS0 does not suffer from getting stuck at a local optimum
if it is set up correctly.

This work is supported by TUBITAK (The Scientific and Techogical T the peak power constraint for a port is considered, it is
Research Council of Turkey), Turkey, under project no. XI2E demonstrated that the solution to both the BPM and CPM



Let z,, be the information signal for the user in the-
th cell, whereE {z,,z,} = 6 @and d,,, = 1 Whenm =
n, and zero otherwise. The complex-valued coefficiénts,
represent the channel gain between #ib port of then-th
cell and the UE in then-th cell for! = 1,...,L andm =
1,..., M. The zero mean circularly symmetric additive white
Gaussian noise with variane€ for the UE in them-th cell
is denoted byn,,. Each port has its own peak power value
given by P;,,, (which can be taken aB,,.. hetwork-wide for
simplicity) and the transmit power for thieth port in them-th
cell is controlled by the power coefficients,,, € {0,1} for
BPM, anday,, € [0, 1] for CPM. Furthermore, letv;,,, be the
complex beamsteering coefficient for théh port in them-th
cell. Then the received signal of the UE in theth cell can
be written as
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g o “p e B.= The expression in the first line provides the signal intended
pmert the user in then-th cell whereas the second line contains the
interference from the other cells and also noise.
Fig. 1: A seven cell distributed antenna system with SevenEventuaIIy, the corresponding SINR for the UE in tireth
ports per cell. cell can be expressed as
SINR,, (o, w) =
|ZLL:1 @t Prm himmwim | Vim (2)
problems can be classified into two parts; a noise dominant 73+ XnS e[S @t VP himmwin|
region, and an interference-limited region. For a smallvoek where the vectorsx and w respectively represent the set
of two cells, these regions are apparent. However as thicoefficients for the power coefficients,,, and the beam
network size, i.e., number of cells in the network increaes steering coefficientsy;,, .
solution gets interference-limited for physically meagfin Transmission strategy is based on maximizing the minimum
scenarios. Through simulations it is shown that CPM ouBINR over all users. This scenario can be formulated as
performs BPM for both a small and also a relatively largan optimization problem with port power coefficients and

network, especially in the interference-limited region. beamsteering coefficients as the optimization variables
The paper is organized as follows; Section Il describes the max min SINR,, (o, w)
system model. Particle swarm optimization is introduced in oW m

: : ; : : st aec{0,1}tM
Section 1ll. Complexity analysis and simulation resultg ar ’
examined in Section IV and Section V. Section VI concludder binary power management, and

the paper. max min SINR,, (o, w)

o,w

st ac0,1]tM

for continuous power management. Both problems are non-
Consider the scenario depicted in Figure 1, where there aghvex and it can be difficult to solve on the search space
M cells, and each cell contains distributed single-antenna (o, w) as the number of cells increase.
ports connected to each other via high speed communicatiorsince a port utilizes a single antenna, its beam steering
links, giving M x L ports in total. All ports in a cell transmit coefficient is composed of a complex-valued scalar. In order
the same signal simultaneously. It is assumed that theriéinsto simplify the above optimization problem, it is assumeat th
power of each port can be adjusted independently. beam steering coefficients are chosen to match the phases of
The same RB can be used throughout the network, howetieg channel between the ports and their intended UEs
at most one user is allowed to access the same RB within a & il hmm
cell. A user can communicate with the ports in its dedicated Wim = ¢ vi,m. (3)
cell, whereas the signals from other cells are considered Aghough under this assumption the solution becomes sibopt
interference. Resource management throughout the nefaorknal, it has been shown that this approach maximizes the SINR
conducted by a central network entity. when the interference power is assumed to be fixed [4].

Il. SYSTEM MODEL



In the new formulation, the problem is reduced to port In our optimization problems, we use binary PSO [10] for
selection for BPM and adjusting the power levels of the porksnary power management whereas traditional PSO is used for
for CPM, i.e., continuous power management. We use 60 swarms and 1000

max  min SINR,, () swarms for population size in two_—cell_ cluster_ e_md sevdh-ce
a m nmATh cluster, respectively. We take the inertia coefficientias 1,
st ac {01}

for BPM (4a) and acceleration coefficients as= 0.85 andc, = 2.

IV. COMPLEXITY ANALYSIS

max min SINR, (),
* " oy In this Section, complexity of the proposed methods will be
st aec[0,1]"",  for CPM. (4b)  analyzed. In the case of binary power management, exhaustiv

Clearly, problem (4a) is a non-linear binary-integer prasearch is done by searching all possible port states and has
gramming problem and problem (4b) can be shown to havedacomputational complexit@)(2-*), hence for largel. and
multi-modal cost surface. By using conventional optiriat M this method is inefficient. By considering the algorithm in
algorithms, i.e., convex optimization, the first problenm caSection lll, particle swarm optimization has a computaion
only be solved by using integer-relaxation which will pagi complexity in the order oD(SLM N) whereS, L, M and
yield a suboptimal solution. Furthermore, since the secoAd denote the population size, number of ports in each cell,
problem is multi-modal, a conventional solver may get staick humber of cells and number of iterations done until stopping
a local optimum solution. In order to overcome these proklerfiriterion is satisfied, respectively.
we propose to use Particle Swarm Optimization (PSO) as aFor the stopping criterion, in CPM, iterations continue
solver. until all SINR values are contained in a neighbourhood of
F 0.05 dB, whereas in BPM, iterations continue until no
change in the particle positions is observed for 20 consecut

PSO [8] is a stochastic evolutionary optimization algarith jterations. However, it should be noted that the complexity
which mimics the behavior of swarms (e.g., bees). Some @f BPM is higher than CPM since the number of iterations
the prominent features of PSO are ease of implementati@id computational complexity of the update equation in BPM
low computational complexity, and ability to find the globals higher. When there is one swarm, update equation has 6
solution in a multimodel problem. These features makes P3fltiplications in CPM whereas there are 7 multiplications
a good candidate to solve the problems at hand. and 1 exponentiation (comes from the sigmoud function in

The PSO algorithm is initialized with a population ofprobabilistic update equation [10]) in BPM, which incresse
ran_dom can_dldate solutiong,, namely particles. PSO flndS_computationaI complexity.
optimal regions of complex search spaces through the in-For the case of two-cell network, it is found that the average
teraction of individuals in the population of these pae#&l pnumber of iterations for BPM and CPM are 53 and 21,
Each particle is initially assigned a randomized velocity, respectively, whereas for the seven-cell cluster, the ameer

and is iteratively moved through the problem space. It fumber of iterations for BPM and CPM are 97 and 27,
attracted towards the location of the best fitness achievedrgspectively.

far by the particle itselfp;, and by the location of the best

fitness achieved so far across the whole populatid®]. The V. PERFORMANCEEVALUATION

parameterse;, ¢, - called acceleration coefficients - control \We analyze the performance of the proposed method for
the behavior and efficacy of the algorithm and are chosannetwork of M/ hexagonal cells and. = 7 ports per cell
heuristically. The variables; and r, are random positive through Monte Carlo simulations. One of the ports is located
numbers, drawn from a uniform distribution. The pseudocogg the center of the cell, and others are located uniformly at

IIl. PARTICLE SWARM OPTIMIZATION

of the algorithm is given below:

Initialize population
Repeat
for i=1 to population size
pick random numbers-,r, ~ U(0,1)
for d=1 to dimension size
update particlés velocity:
Vid < wVia + cri(P; g — Xi.d) + cgTg(dg — Xia)
update particlés position:x; +— x; + v;
it f(x:) > f(p:)
update particlés best known positiorp; «— x;
it £(pi) > f(g)
update the population best known positigh+— p;
Until stopping criterion is satisfied

a distance o2/3 of the circumradiuss(.) from the center, in
order to increase the coverage of the cell. Ports can either b
set off, or they can transmit at a fixed power level /&f .

for BPM, or they can transmit at an adjustable power level in
the interval|0, P,,.x] for the CPM.

For the simulations we consider a single RB throughout the
network. As it is stated above, at most one UE can use this RB
in a cell, thereforeM/ UEs are considered network-wide, and
these UEs are located randomly in each cell for each channel
realization.

For the port-to-UE link, a Rayleigh fading channel with
log-normal shadowing and path loss components as in [11]
are considered. The complex channel gains arg, =

\/p(dlnm)slnmh;nm, wherep(-) is the path loss function given
below, d;,.., is the distance between tligh port of then-th



cell and the user in theuw-th cell, s;,,,,, represents log-normal
shadowing with 0 dB mean and 8 dB standard deviation, a
hy,.. denotes the fading effect and has a complex Gauss
distribution with zero mean and unit variance. For the sbaar

scenario described in [11], the distance between baserstati =
is 1299 m, and the noise power is -114 dBm. The path lo “or
function considered here is
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p(dln'm) — 107(1‘866+4,()32logm(dlnm)) (5) sl

minimum SINR (dB)

where carrier frequency is taken as 2 GHz, antenna ports
at a height of 15 m, and each UE is assumed to have 1.5
elevation.

In order to assess the optimality of the proposed algorith
based on PSO, we first consider a two-cell sub-urban mac
cell scenario. One UE is randomly dropped in each ce % 0 10 20 30 20 50 60
Each cell hasL = 7 ports. Minimum SINR in the cluster Pimax (4BmM)

IS maXImlzed by the PSO based algorlt_hm fpr both bma.ry arll—qg. 2: Largest minimum SINR achieved by binary power manage-
continuous power management scenarios given resp(_:'bee'yment and continuous power management for a two-cell cluSteid
the problems (4a) and (4b). For comparison purposes, eXhacllszhed and dotdashed line represents BPM (port selecGé anc,i
tive search is also performed for binary power managemeng, - " rch) 1 ivel '
which searches the best result out2f port state vectors. (exhaustive search), respectively.

The results depicted in Fig.s 2 and 3 are averaged over 300

realizations.

10+ —©— BPM (port selection)
- © =CPM

 =Q= ' BPM (exhaustive search)

) ) ) same total transmit power per port levels, CPM yields higher
Fig. 2 compares the feSU",‘”Q SINR levels with respeffinimum SINR values as compared to BPM. This result
to the maximum port power limit,,., for both the BPM  yomonstrates the advantage of using CPM in the interference

and CPM schemes. It can be seen that for IoW&hx |imited region. For example, foP,... = 60 dBm, although

values, both the BPM and CPM results yield almost the sarpe, requires the same average transmit power per port, it
performance. This is the noise-limited region in which ong,q,ts in more than 15 dB gain in SINR as compared to BPM.
does not gain much with power management due to negligibleg;yijar to Fig. 2, Fig. 3 also demonstrates that PSO per-

in_terference from other cells. As power limit increasesg,,e. forms almost the same as exhaustive search for the BPM
higher than 30 dBm, CPM becomes to outperform BPM, andlpeme  verifying the optimality of solution of the PSO
after approximatelyP,,.. = 55 dBm a noise floor effect algorithm.

is observed limiting the performance of BPM. The region \nhen we increase the scale of the problem, the advantage
Prnax 2 30 dBm can be considered as the interference limiteg cpp over BPM becomes more apparent. In the next set of
region, in which interference from other users dominate th&., jations we consider a sub-urban macro-cell scenatio wi
AWGN in the channel. In this region, rather than just switthi 7 cejis and 7 ports per cell with the same settings as in the
the ports on and off (BPM), adjusting the transmission powg,oye study. Fig. 4 depicts that the curve for CPM and BPM
of them (CPM) appears to perform better. As it can be segfy separated for almost df,q, values. Furthermore, Fig. 5
from Fig. 2 atPinq, = 40 dBm, the UE with minimum SINR o5 that for allP,,,, values even though CPM and BPM

gains 5 d'_?’ by (_:PM' require the samé,,,... level to obtain the same total transmit
From Fig. 2, it should be noted that for the BPM SChem‘fjower per port, CPM outperforms BPM in terms of the

PSO performs almost the same as exhaustive search, varifylnimum SINR in the network. Considering a range ..
the optimality of the PSO algorithm. This is an importanfom -10 dBm to 30 dBm as a typical operation condition, one
aspect of PSO since PSO can optimize complex problems withy, geduce that for a typical cellular communications séena

lower computation time. Obtaining to the optimum solutiolith moderate number of cells, CPM is more advantageous
of the CPM scenario is difficult by evaluating with exhaustivinan BPM.

search, and it is not possible to find the global optimum by

using a conventional optimization algorithm. Therefore we VI. CONCLUSION
cannot compare the CPM result with PSO to that of an globalin this paper, a coordinated multi-cell distributed an&nn
optimizer. system is considered. In order to increase the coverage and

In Fig. 3, the average transmit power per port vs. the mathroughput of the network, instead of employing a singlesbas
mum port power limitP,, . is compared for both the BPM andstation in a cell, a number of ports are distributed througho
CPM schemes. According to the figure, both schemes perfotine cell which transmit the same signal.
similar, and they both require similar total transmit power Two transmission schemes are investigated; either the port
per port for the sameP,,,, values. In other words, for the are switched on and off (Binary Power Management, BPM)
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Fig. 3: Average transmit power per port achieved by binary powdfig. 5: Average transmit power per port achieved by binary power
management and continuous power management for a twolasll c management and continuous power management for a seven-cel

ter. Solid, dashed and dotdashed line represents BPM (glextmon),
CPM and BPM (exhaustive search), respectively.

25

cluster. Solid and dashed line represents BPM and CPM, ctegl.

promising for next generation networks.

It is observed that the implementation complexity of CPM
when using PSO is lower than that of BPM, making CPM
more advantageous than BPM in both performance and also
complexity aspects.

(1]

(2]

minimum SINR (dB)

(3]

~10 i i i i
10 20 30

P, (dBm)

40

(4

Fig. 4: Largest minimum SINR achieved by binary power man-[5]
agement and continuous power management for a seven-asiécl (6]
Solid and dashed line represents BPM and CPM, respectively.

(7]

with a maximum transmit power limit per port or they are!8!
allowed to transmit with variable power (Continuous Power
Management, CPM). It has been demonstrated that for [g]
small sized network, CPM outperforms BPM especially in
the interference-limited region, where interference tosaru ;g
originates from the ports of other cells. It is also showrt,tha
for a more complex network with a higher number of cellg!]
CPM performs better than BPM under practically meaningful
conditions. Proper power management introduces an imptorta
gain to system performance, which can be considered very
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