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Abstract—It is well known that the use of Heterogeneous system level simulations, which usually make several apsum

Networks and densification strategies will be crucial to hadle tjons regarding resource modeling, and how the varioussacce
the wireless cellular traffic increase that is foreseen in th elements interfere with each other.

forthcoming years. Hence, the scientific community is puttig . .
effort into the proposal and assessment of radio resource nma In order to appropriately model the access network behavior

agement solutions for this type of deployments. For that, an tWo main aspects need to be considered: (1) the network
accurate modeling of the underlying resources is mandatory geometry; and (2) the network load. In cellular networks,
In this letter we propose a mutual-interference model, which the deployment geometry is typically taken into account by

enables a precise estimation of theSignal to Interference and ; ;
Noise Ratio (SINR), compared to the widespreadconstant-load means of the interference factéfactor [6]. While most of the

alternative. This is of utter relevance, since the SINR has direct available works put considerable effort on using apprderia
influence on the spectral efficiency and, consequently, on ¢h Propagation models [7] [8], little attention is paid to the
resources to be allocated. We also propose a transformatioof network load, which is usually assumed constant. Opposed
the corresponding resource assignment problem, so that itan be  to that, some other studies, such as [9], have discussed the
solved usingGeometric Programming techniques. The validity of ;0500 of these network load assumptions on the access
this transformation is assessed by comparing the correspaling . . .

solution with the one that would have been obtained exploiig P€rformance, since it modulates the interference. Henee, a
a heuristic approach Simulated Annealing). accurate evaluation of a particular access policy wouldireq

Index Terms—Network Model, HetNets, LTE, Mutual Inter- cons_ldermg the_ evolution of netw_ork load, which |rr_1plles th

ference, Geometric Programing precise evaluation of the mutual interference resultimgnfia
particular resource allocation. In this sense, network etsd
for interference coupled systems usually lead to complex
. INTRODUCTION optimization problems that cannot be generally solved in a

During the latest years we have witnessed a huge increaselofsed form [10]. In this work, we propose two different ap-
the mobile data traffic demand, and this trend is expecteetto proaches to mimic the network behavior (resource assigtjmen
main in the near future [1]. In order to overcome the limdats for system level simulations, considering both its geognetr
of currently available technologies (3G and 4G), forthaagni and the corresponding load fluctuation. The first one exploit
5G systems are expected to support a thousandfold capabigyristic techniques, in particular a Simulated Annea(iB4)
increase [2]. Among the different techniques that are beimfgorithm. In the second approach, by taking some simpli-
studied in the framework of 5G related solutions, netwonk-defications, the underlying problem can be transformed into
sification stands out as one of the most attractive alteresiti a generalized geometric program, which, in turn, can be
to appropriately deal with the expected traffic boost [3]eThsolved by exploiting convex optimization techniques. Aliigh
deployment of ultra-dense networks will nonetheless mequithis approach has already been used in resource allocation
more complex resource management solutions and accessblems, for instance [11], their scope was not the same and
policies, in order to ensure that the potential network cépa the corresponding problem formulation was therefore diffié.
can be effectively exploited.

Several studies have already analyzed the performance of
novel access techniques, such as Coordinated Multi-Point
(CoMP) or the decoupling of uplink and downlink connec- We consider a scenario with of a set of usérand LTE
tions [4], as well as different access architectures, sieh eglls B. In this single carrier LTE system, cells share the
C-RAN [5]. Many of these studies have been conducted Isystem resources (i.e. physical resource blocks), so that a

base stations, but the serving one, cause interferencelstve a
COLhmziﬁiiat%ﬂ Rléng'?r?:;:gg afgep";irttfr‘netn'le ggxgﬁggr OfS p‘;}qzﬁ”a’assume that access selection has been already completed, an
{Idiezramon} @timat.unican.es) ' ’ " users are attached to the cells with highest received sigvell
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Il. SYSTEM MODEL



has a particular traffic demand;, and her/his serving cell, Algorithm 1 Smulated Annealing Algorithm

B(i), needs to allocate enough resouregsto satisfy such 1: Set initial solutionw,, temperaturd;, and repetitions\/

demand, since we assume non-elastic services. 2: Set number of iteration®/7 and COOlling countek =0
In order to calculate the amount of resourcesto be  3: Set cooling scheduley, = Ty - e >+~

allocated to each user, we first need to estimate the spectral while Stopping criteria is not meAND k < Nt do

efficiency of each connection. We consider that the cellsemaks:  Set countern = 0

use of a random scheduler, so that the amount of interferenee  while m < M do

power coming from a cell would be proportional to the 7: Generate new solution’ = Py (w) € N(w)
load of such cell. A widespread approach, in system leves: CalculateA, ., = f(w') — f(w)
evaluations, is to assume that traffic is evenly distributgidin 9: if A, <0 then
the network, which yields a constant load (CL) for all cellsio: w4+ w
In this case, the spectral efficieng§ for a particular usei  11: else if A, .- > 0 then

. AW
can be calculated as: 12: w + w’ with probability e T

13: end if

14: end while
L' - (1) 15: end while

02+ Z k'gi,kw
keB/pB(i)

771'CI =logy | 1+

IIl. SOLVERS FOR THE MUTUAL INTERFERENCE PROBLEM

where L, is the load of an interfering celk # A3(i), o> This section depicts the two alternatives that we have used
corresponds to the system white additive noise power affsolve the aforementioned assignment problem, when rhutua
C holds for the system capacity. The previous approadtierference and non-elastic traffic demand are assumeal. Th
offers a relevant advantage: the resources to be assigmed gt one uses heuristics, in particular Simulated Anneglin
be straightforwardly calculated, since all the parametges to find the optimum assignment. Afterwards, we propose
known. On the other hand, if we strictly calculate the cedido @ modification on the formulation that yields a geometric
that characterizes the particular access selection, wddwoRrogramming problem, which is solved exploiting convex
need to consider the mutual interference (MI) between tiagtimization techniques.

various associations. In this case, we can define the spectra

efficiencyn™ perceived by user as: A. Simulated annealing

The SA algorithm follows the generic approach depicted
in [12], whose implementation details are described in Algo

mi _ Ly rithm 1. In brief, it contains two nested loops; the first one
n; =logy | 1+ 5 Yik (2 . . .
a2+ > & > corresponds to theooling process, which defines a new tem-
keB/B()  jeU(k) perature, while the inner one implements the thermal dpuili

rium for each temperature. As can be seen, the algorithits star

In this latter case, the solution for the resource aSS|gmmT)n selecting an initial solutiom, with a costf (wo), which is

pr(_)b_lem is more complex, since we can see that the SPECUSclated assuming that mutual interference does nat ésis
efficiency (and thus the resources to be allocated to the usér

depends on the resources granted to other usevs, i value is quite relevant to improve the convergence time. For
P 9 §19.7 1. the cooling procedure, we use an exponential scheme, since

In order to compare the two approaches, we model theqpqyeq an appropriate performance for our scenarios. We
corresponding resource assignment as the following op&imi .-+ from an initial temperaturé, = 500, and Ny = 300

tion problem, which seeks minimizing the required numbel aiions were used. Furthermore, the algorithm carrigs o
of resources, while satisfying the traffic demand for aIIrsseM — 400 repetitions to look for new neighboring solutions,
(non-elastic traffic): N (w). During this process, neighboring solutionse N (w)
are obtained. If the cost evaluatedddt f(w’), improves the
) previous one (i.eA,, . < 0), this new solution is “approved”;
min > (3)  otherwise, it will be approved with a certain probabilithish

ez depends on the current temperature.

S.t. Z z; <C vj 4) While the overall process could be used for different prob-
i€U(5) lems, the procedure used to seek new neighboring solutions
zi-m; > Dy Vi (5) heavily depends on the particular characteristics of theahc

problem. We have implemented it as a perturbation of the
where constraint (4) ensures that the cell capacity is n@trrent solutior(w), defined as’ = w—g(2;0,1) -5, where
exceeded, while (5) captures the fact that the traffic demang@:;0,1) = m is the standard Cauchy distribution,
needs to be satisfied for every user. It is worth noting thmat, holds for the spectral efficiency of the current associatiom
the case of constant load, the problem can be solved directlys the difference between the traffic demand and the value
by calculating the resources that satisfy the user demand. carried by the current assignment. As can be seen, every new



solution randomly modulates the current assignment, densi TABLE I: Simulation setting
ering the corresponding capacity demand. This algorithm c&=sa00t  2omnz @2.100:

indeed solve the problem assuming mutual-interferendet bu ISD 500 m, 7 tri-sector sites
. . . . . Macro layer Max. TX. power 46 dBm
nee_ds a tallo_re_d conflgu_ratlon for each particular scenario Antenna Gain 16 dBi, 15 down-ilt
avoid local-minima solutions. Random Location, 12 cells per cluster
Pico layer Max. TX. power 37 dBm
Omni-antenna, 5.0 dBi
UE DL NF 7 dB, Rx. Gain 0 dB
B. Generalized Geometric Programming LTE layer L (dB) as a function of the distance d (m) [14]

o o MacrowLos 139.1033 + 39.0864 - (log,o d — 3)
In order to overcome the limitations of the heuristic ap- Macraos | 36:2095 + 22 logyod if d < 328.42

proach, in this section we propose a transformation of preyi 40 -logygd — 10.7953 if d > 32842

X X ) . PicoyLos 145.48 + 37.5 - (loglo d— 3)
formulation, the one with mutual interference, so thatiba  Picaos 103.8 + 20.9 - (log,, d — 3)
solved as a convex problem, exploiting Geometric Progrgmin LOS probability as a function of the distance d (m)
. . . _ i 1 = =8
(GP) [13], which can be generically defined as follows: Macro Plos =min(-3,1) - (1 — €38 ) + €3 »
Pico Plos =0.5—min(0.5,5-e~ d )+ min(0.5,5-e30 )
min  fo(x) (6) IV. SIMULATION RESULTS

st. fi(z) <1, iVP; gi(z)=1, ivM (7) In order to assess the differences between both models,

. . ._.CL and MI, an evaluation of a two-tier urban dense network
where; andg, are generalized posynomials and monomial, = "o ied out. The first layer corresponds to tri-

respectively. If we takdog at both sides of the preVioussector macro eNodeBs, deployed according to an hexagonal
equations, the problem is transformed into a convex one. » deploy 9 9

Besides, the original variables are replaced by; = log z;. pattern, while the second one comprises pico-cell, whieh ar

. .S randomly deployed within the coverage area of the macro-
In the previously proposed problem, both the objective qurl%ell Regarding resources, we assume a system bandwidth of
tion and the capacity constraint, (3) and (4), respectj\ely - €0 9 ' Y

generalized posynomial functions (in fact, they are line@n 20 Mrz; hence,100 resource blocks, of80 KHz each, are

the other hand, the demand constraint (5) is not a posynomsla.?;i?é | shows the main simulation parameters. We deplo
function. However, if we assume th&8NR > 1, (5) can b : ploy

L . 100 active users, each of them with a downlink traffic demand
be simplified, and the original problem can be transforme 500 Kbps. The analysis is carried out in the central cluster,

into a GP one. This assumption would be in fact sensiblg, : o S

C : e hile the macro-cells in the first interfering tier are asedno
considering the high densification of the access netwoP# e a constant load, yielding a certain agditional interfee
and advanced cooperation techniques that can be exDIOifr?%rder to ensure tk,Ie statistical tightness of the reswé
between the various cells, which would yield a higisexR. 9 ’

By introducing a newdlack variablet;, the demand constrainthalve c?jrrled out0o mdgpe_ndent ru?s for %Very conf|gurat|c|)n.d
can be expressed as: n order to assess the impact of considering constant load,

Figure 1 depicts the Complementary Cumulative Distributio
Function (CCDF) of the relative load in the central cluster

o2+ 3 &>z assuming a load in the interfering tier ¢6%. The results
keB/BG) " jeutk) 1 (8) are shown for both macro- and pico-cells, when using CL
I Rz and MI models; in this later case, we exploited the SA
> e (9) solution. We have assumed two Cell Range Extension (CRE)

configurations, 3 and @B. We can clearly see that the load
We can indeed see that the first new constraint, (8), cds-rather variable, far from the constant value that is agslim
responds to a generalized posynomial function. On the otherthe CL model; this variability is particularly higher fone

hand, (9) can be converted into a convex constraint, withPéco-cells. The impact of the CRE configuration can be cjearl
logarithmic transformation [13], i.es = logt. Finally, the seen, since the load of the small cells is much higher when the

original resource assignment problem, with mutual interfeCRE equals @iB. We can thus conclude that the widespread

ence, can be formulated as a convex problem as follows: constant-load model could yield inaccurate load values, and
that in some cases, especially when the traffic might not be
fairly distributed or in highly heterogeneous scenaribs, ise

min logZeyi (10) of a mutual interference approach shall be preferred.
i In Section Il we have presented the transformation of the
o2+ X oD I MI problem, so that it can be solved usit@eometric Pro-
st. log k#B() — jeuk) s <0 Vi (11) 9ramming techniques; we have used the GPKIT Ilbra_ry [15]
I to do so. In order to assess whether the assumptions and
simplifications that were taken are valid, Figure 2 compares
log(2) - Di/e¥ — si < OVi (12) the results that were obtained for both the SA and GP
Z Y — ;<0 Vj (13) Solutions. We represent the Cumulative Distribution Figmct

i) (CDF) of the relative difference on the resources allocated



1 : 1 1
N "\ Macro N \ W\ Macro
. 08 S —— b Layer - 08 W\ - Laver _ 08
A N A WY i i
£ 00 pice XY % T 061 Pico AW 3 3 06
E Layer \ \ g Layer 2\ ) ﬂ ﬂ
S04 N\ S04 W\ 2\ & & 04
“ \‘ \\ . \\ \ ! !
0.2 A\ L 0.2 \ = T 0.2
—CL N —CL N
—- - MI N —- - MI "N
0 = 0 — = 04 -
10=* 1072 107! 10° 0% 1072 107t 10° 10-% 107t 1072 10°
Relative load Relative load Aload Aload
(a) CRE3 dB (b) CRE3 dB (a) CRE3 dB (b) CRE3 dB

Fig. 1: ccdf of the relative load for the two cell types

Fig. 2: cdf of the difference of resource assignment with both

SA and GP for different loads of interfering cells

for the same scenario instance. Hence, we defipgq
|Zi€1 32— D et x?p‘
ez T
allocated k%y celt for the Simulated Annealing and Geometric
Programing solutions, respectively. The results yield tha
GP solution exhibits an appropriate performance, espgcial
when the interference induced by the external macro-cglls jy
low. This was expected, since higher interferences wowdd le
to smaller Signal to Interference plus Noise Ratio (SINRH a !
the simplification that was taker8i(NR > 1) would be less
precise. (4]
In any case, for a relatively high load (40%), the differenc%]
stays belowl0—2 for almost 90% of the cases. We can also
see that when CRE is higher, the difference betweemMpg
for the three scenarios is small, due to the increase of tu lo ]
of small cells, leading to a slightly higher interference.

, Wherez$* andz?” are the resource
(1

[7]
V. CONCLUSION

Most of the system-level analysis of wireless cellular neti®!
works deal with two main issues: (1) access selection, and
(2) resource assignment. hhetNets, an accurate modeling of
the SINR is of utter relevance, since it has a direct impac{f’]
on the calculation of the amount of resources that need to be
allocated to satisfy capacity demands. Several studiesrass
that all base-stations are evenly loaded, which might lead [{!
inaccuracies in the system model.

In this letter we have proposed a more accurate approach, in
which we consider the mutual interference among different dit
sociations, which influences the amount of allocated recssur
We showed that the resource-allocation problem that can be
posed with thismutual-interference model is non-convex, and [12
it thus needs to be solved exploiting heuristic approacimes,
particular we used@mulated Annealing. Furthermore, a prob-
lem transformation has been proposed, which allows itstex&c!
solution by means ofGeometric Programming techniques.
Making use of a system-level evaluation, we have verifietl thia4]
the closed solution, in spite of the simplification, yielésults
similar to those obtained with the original problem. In our
future work we will exploit the proposed modeling to perfornjls]
system-level analysis of different access selection gwlatfor
cellular deployments.
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