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Abstract —The purpose of this paper is to evaluatehe
impact of frequency parameter settings while evaluing
interference model in LTE (Long Term Evolution); the
work is applied on a network. We develop and valida the
interference model based on SINR which is used byGPP
(3rd Group Partnership Project) to estimate the quéity of
signal received by UE (User Equipment) and issued dm
eNB (enhanced Node Base). For this aim, two frequen
schemes have been compared: the frequency reusecheme
whereby the whole available bandwidth is used in eh
cell/sector and the frequency reuse 3 scheme in whithe
entire bandwidth is divided into 3 non-overlappinggroups
and assigned to 3 co-site sectors within each cell.

Keywords-LTE; SINR;Interference; frequency reuse; load
factor

l. INTRODUCTION

Usually, all the schemes refer to a fractional dietpy
reuse technique. Two known variants of fractional
frequency reuse can be found in literature. Firsthe
Partial Frequency Reuse which has been adoptedein t
3GPP LTE systems for the first time in [4]. Thishaique
improves considerably the interferences at celleeblgt
loses capacity due to the partitioning of available
spectrum [2]. The main idea is to partition thel defo
two static zones; the central area of the cell gseerally
2/3 of the available spectrum while the edge arfeth®
cell uses a third of the 1/3 reserved for the te-Hiree
adjacent cells. A detailed description of Partisduency
Reuse can be found on [3]. Secondly, the Soft Fnegy
Reuse is another variant of fractional frequencysee
presented in [5] and [1]. This scheme imposes some
restrictions in terms of allocation of frequencydgrower
in the cell-center and cell-edge areas. The adgantd

Multiple access schemes in LTE system network haviliS reuse pattern is that it provides enhancedcesr to

attracted an increasing interest in the last y§&rsThe

the UE located at the boundary of the cell. Thititéque

main performance targets are to improve the sgectrallows the system to use higher power in the bognda
efficiency 2 to 4 times compared to HSDPA Releage 6 than in the center of the cell and the frequency
which peak rates can reach 100Mbps on downlinkgusindynamically allocated to the edge of the cell mbst

Orthogonal Frequency Division Multiple

Access Orthogonal to the adjacent cells to mitigate thierigell

(OFDMA) and 50Mbps on uplink using Single carrier interference. Both techniques, Partial and Softj&eacy
Frequency Division Multiple Access (SC-FDMA). Thes Reuse, are generally known as Inter-Cell Interfegen
techniques provide orthogonality between the user&oordination (ICIC); they require the planner tovelep

reduce interference and improve the network’s Qual

Service (Qo0S). In addition, to make the networkigtes

coordination function between eNB.

Resource allocation in radio networks essentially

process time-efficient, Self-Organizing Network (80 gepends on the quality of the some reference signal

functionalities added within LTE architecture by recejved by the UE. In LTE, they are the Refereigaal
incorporating automated optimization, can signifitd  Received Power (RSRP) and the Reference Signal

reduce deployment and maintenance costs (CAPEX arjgp

OPEX for CAPital EXpenditure
EXpenditure respectively).

In a wireless network with several cells, the mey
to improve the achievable average throughput by isse
mitigate the inter-cell interference caused by gsihe
same frequency within adjacent cells. Various fesmy

reuse schemes have been proposed in literatur@].[1,

Mitigation technique is generally categorized itkwee
major techniqgues as shown in [3]:

ceived Quality (RSRQ) as code power on Common

and  OPerating pjjot (RSCP) and Ec/No in UMTS. Each user is agsign

a portion of the spectrum depending on RSRP and@RSR
Then the more complex optimization of referencealds

the RSRQ one which is based on Signal to Interteren
plus Noise Ratio (SINR) [2, 6]. SINR is an impottan
performance indicator for estimating the achievable
throughput, taking into account the interferenceeiesd
from the neighboring cluster of first-tier cells.h&

interferenceestimation and optimization of the SINR are welbkm

cancellation, interference averaging and interfeeen Problems in radio communication systems such aslg02
avoidance techniques. The focus in this paper is offSM or UMTS [11, 12, 13], and LTE needs also a good
avoidance through inter-cell coordination, to achie €stimationand control of SINR.

better network performance goals.



In LTE, several parameters investigations have been 3) Scenarios are used to

developed to meet requirement set. Various comibimst
of antenna parameter settings have been studitstrits

represent the traffic
distribution of our model since LTE network traffis
unpredictable now. The interference model constdict

of SINR and throughput performance outlined forhere and based on SINR depends not only on antenna

example in [6, 10]. We propose in this paper toluate
both SINR and throughput models for different freqcy
assignment schemes for LTE on the basis of a rkAI%J
network for which the traffic load is transferred bTE
mode. The work allows us to get a thin analysis/Bfon
and off links during a full day of traffic load wita lot of
variations along time. The remainder of this pajser
structured as follows. Section Il introduces thetem
model and the basic assumptions. Section Il extéhid

parameters (frequency, tilt, azimuth...) but alsaraffic
load along day; then in our computation the users
available in target sector or adjacent sectorsaffact the
received signal from other users. As we considat &lfi
users communicate at the same time, a scenariossthew
distribution of demand at a given time.

4) We introduce a performance indicator to measure
occupancy rate on each sector, tbad factor This
indicator is a ratio between used bandwidth and the

work and shows the performance metrics and the teg‘ﬂaximum available bandwidth. It is measured forheac

assumptions. Section IV presents some resultgtdight
the use of SINR interference model for both reused 3.
Conclusions and perspectives are drawn in section V

Il.  SYSTEM MODEL

A. Basic Assumptions

In this paper we consider the downlink transmis$iom

eNB to UE and at first we illustrate the interfezen
schemes using a theoretical model
hexagonal layout as shown in Figure 1. Three secto
considered in each site with three base stationg@)l we
see the frequency reuse 1x3x1 pattern where vitie3
sectors use 1 frequency set, that is the samedneguset
for all sectors. In (b) we see the frequency relisgx3
pattern where 1 site with 3 sectors use 3 frequesety,
that is different frequency set for all sectorseTix3x3
requires a frequency plan but should avoid interfee

when the network load becomes too high to apply the

1x3x1 pattern.

a) b)

Figurel. Seven-cell hexagonal layout. a) ReuseRebse 3

The features of our computational model

following:

1) Intra-frequency interference is avoided due to the
use of OFDMA technique in downlink transmission. In
LTE the orthogonality between subcarriers insutest t

the interference inside the cell can be ignored.

2) The basic resource element in OFDMA is the
resource block (PRB) which spans both

physical
frequency and time dimensions. In this paper, waaio
take into account PRB to estimate the

of seven-cell

are the

inter-cell
interference; we only focus on the frequency sufidba

sector of the network. The feature of the loaddiact to
determine the bottlenecks of the network and the
overloaded sectors. This indicator will be usedthe
interference model.

Y Tri-sector eNB antenna
¢{=) Inter-eNB interference

Figure2. Inter-cell interference

B. Case Study and Problem Formulation

The considered network for this study consists ref t
sectors sites in the city of Belfort, located i thorth-
eastern of France. Service area is shown FiguieiSa
40kmx20km area with a lot of big industrial compemi
and the population is about 200,000 people, which
includes residents and people coming from outside t
area for work. For our model the service area viddd
into a grid of equally sized bins. A bin is a 25x2&ters
area.
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reuse scheme. Two adjacent cells are scrambling eac

other if they are using the same sub-band to trardata
as shown in Figure 2. It gives a worst but fasinestion
of SINR.

Figure3. Coverage per transmitter for the baselateiork [City of
Belfort]



Due to the very small size of the bin, we assureestme  the mechanical tiltt)" to adjust the physical angle of the
signal propagation conditions within a bin; it meahat

all users located inside a bin have the same signdl antenna brackets and thkectrical tilt t7 which does not
same RSRP, SINR and RSRQ. Thus, a bin determiees tbhange the physical angle, but adjusts the radjatin
resolution of the computation and the amount chdat  currents in the antenna elements to lower the beaa
signals. A bin is characterized by its number afrasand  horizontal directions.

the category of required services for each useic§yo The right part of Figure 4 shows the impact of asim
data...). Each sector in the network is equipped wite  parameter on the horizontal radiation pattern. The

directive antenna. Each antenna is characterizedsby azimuth is the horizontal angle, between the north and
parameters:; radiation pattern, azimuth, electriaatd . .
the antenna main lobe direction.

mechanical tilt, gain in transmission and reception
frequency of transmission and output power in davkal | e\BP Nomr  i@inbeam
Due to the dynamic aspect of the network and claimge Horizontal line
traffic demand, we introduce the concept of traffic
scenarios. A scenario is a given distribution amatl| of

the traffic demand at a given time for each binttud

map. Then several scenarios allow us to comput
different situation of network performance.

Physical orientation Of
the antenna

Main beam

D

eNBb

(a) Vertical cut (b) Horizontal cut

The problem formulation is given by the followingts of
data, parameters and functions.

: Figure4. Horizontal and vertical angl
Let: B = {11___,nB} , the set ofn® base stations eNB of gurea. Horizontal and vertical angles

the network;T = {1 nTP} , the set of bins of the map; In 3GPP LTE tests, we ap_ply the two formulas [6/]ggi
by Equation 3 and Equation 4 for the computation of
and C

., the number of users located on the biin  a/® (g, ,t' ,t5) anda/" (¢,,,a,) :

scenarics . gt -
The interference model based on SINR is thus catied| a,‘,’ER(Hblt,th,tf):—mi{l{"""],SLA}SLA:Z(HB ©)
as defined in Equation 1: e
ay ™ (§,,,a,) = —min {12[%‘_5""], Am}, A, =25dB (4)

3dB

R
pb,l fb (1)
Z pg{.’t f, 0, Op s + NeW Where SLA is the side lobe attenuation ar, is the
b'#b, Ty = fyy :
e front-to-back attenuation [10f,,5 and @, are the half

Where, y, . is the SINR received by the bihand power beam width in vertical and horizontal plan
issued from the eNBEDin scenaric; f,andf_ are the respectively.

1. yb,t,s =

frequencies used by eNB, b respectively; 3,5 and  Finally, with the path loss the Hata model for urlzaeas

dj.s are load factors that corresponds to base statior'f'céformu'ated as in Equation 5:
’ PL,, = 6955+ 26.16log( f,) —13 .82log( z,)

band b'in scenarioS. Base stationbis said to be
-a(z)+(44.9- 655log( z,))log(d,,) (5)

saturated in scenar® if its load factoréb’s is equal to
1. The termWV represents the total bandwidth usedbby ~And for small or medium sized city the valuezo:

and n, is the thermal noise over the bandwilih a(z)= 0.8+(]_1><I0g(f0) —0.7) z, —156lo9(f,)

The terms p * andp [ are the end power received where, PL, , is the path loss (dB) in urban area between
by UE located in birt from respectivelyp andb’. The the eNB b and the bint, f is the frequency of

estimation of this power is given by the Hata pggi®n  {ransmission (Mhz),z, and Z, are the height of the base
model in Equation 2;

R (dBmM) = pE - PL. . + g™ — a¥R(g. —tM —tE) -
P (dBM) = Py et B o Goml ) the base statiofd and the center of the bit (m), while

HOR -
- a, (P, ab.) (2). a(z) is the correction factor for mobile unit antenna
Where,p. is the power in dBm issued from the eNBheight (dB).

station b and the bint (m), db’t is the distance between

b.gM is the antenna gain whilgY*® and a/°% are

the vertical and horizontal radiation pattern doethe

position of the bin from the main beam of the anterAs lll. TESTASSUMPTIONS ANDPERFORMANCEMETRICS

shown in Figure 4(a)a’*" depends essentially on the We aim at evaluating the SINR model to identify whe

antenna tilt which is the angle of the main beadowe frequency reuse presents a remarkable increase of

the horizontal plane. We distinguish two differeifits: ~ covered users with respect to antennas parameters
settings. The main parameters and assumptions ae us



are those selected by 3GPP for LTE as shown ineTAbl mention that load factor is one of the main keyidatbrs.

Evaluations are performed by a static snapshothef t It has been suggested that the downlink cell laadaf

network level. stable network should not exceed 70% [7]. Huge ddad
cells are those for WhiCBb .>07 and overloaded cells

are those for WhiCb'b <> 1.

Parameters Simulation setting

Network layout 35 sites and 88 sectors C) Throughput

System frequency 1800 Mhz We used the SINR to determine the throughput odiféne
- a base station to the set of users who are lodatéioe

System bandwidth 20 Mhz cell bins: the higher the SINR, the greater theliguaf

Frequency reuse factor land 3 the channel and the throughput. The Table 2 belioasg

- the current correspondences between SINR, throughpu
eNB heights range [17m, 46m] and modulation [9]. The user is in outage if itdNBlis
UE height 15m below the required threshold for the most robustMS
Propagation loss model Hata model Index Modulation and [  Throughput SINRyin

coding [Bits/s/Hz] [dB]
TX power range [39 dBm, 46 dBm]

. - 0 Out 0 0.9
Mechanical tilt range [0°,-6°] wage )
Electrical tilt range [0°,-10°] 1 QPSK /3 0.75 0.9
Azimuth range [0°,360°] 2 QPSK 1/2 1 2.1
Horizontal HPBW +70° 3 QPSK 2/3 1.25 38
Vertical HPBW +10° 4 16QAM 1/2 2 7.7
Antenna gain range [14dBi, 18.9dBi] 5 16QAM 2/3 2.75 9.8
Traffic distribution Distr.ibution in 3 T60AM 5/6 35 126

proportion to UMTS
traffic load 7 64QAM 2/3 4 15.0
8 64QAM 5/6 5 18.2
Tablel. Test assumptions for LTE downlink
Various performance metrics are considered herein: Table2. Modulation and coding of required SINRuesl and associated
' throughput [Schoenen08]
A) Signal to Interference plus Noise Ratio
The SINR, expressed in Equation 1, is an important IV. RESULTS
indicator to evaluate cellular networks. SINR deois o
motivated by the fact that: In order to evaluate the SINR model presented aticre

. . I, we focus on frequency reuse 1 (1x3x1 pattem) &
gnizlrﬁiz into account all the parameters of the(1x3x3 pattern). The baseline network used forsiudy
: S is the city of Belfort described in section Il.2ng UE are

+ Itdepends on the traffic distribution and the loadrandomly dropped in each cell in proportion to UMTS

factor of the network. traffic load. We present in the following the mediotogy
« It resizes the network and determines which basto evaluate the SINR model taking into accountfizaf
station controls each user. data of the baseline network.
« It allows us to calculate the total throughput ofFirst of all, we assume that the base station gaged to
the network. communicate with a UE if the SINR received by the U
is higher enough, i.e. achieve the required SINR
B) Load Factor threshold, to establish a communication. So, the i$JE

The Load Factor of the sector/cell is the rationmen the allocated to a base station according to the quefithe
total allocated bandwidth for the cell which is thereceived SINR. We further assume that the loadbfaist

required bandwidth and the maximum total bandwidt onsidered here to calculate the SINR as mentianed

available in the cell which is the resources alledato q“a“‘?“ 1. ] ] ]
WS A cell is defined as a set of bins of the map; a isi
the cell. Let 9, the load factor, theng, = = Wos.  assigned to the base station which presents tHeSHER.
W As a first step we assign the bin to the basecstatn the

Where, wy_ in the total allocated bandwidth to the basepasis of the best RSRP. This is defining the initiall
coverage for each station. Then from this we knber t

station b in the reference scenaris, and W is its .
8 number of UE per cell and the traffic demand foe th

maximum available bandwidth. It is worthwhile to



station. We compute the load factor for each statémd Figures 7 and 8 depict the number of users in @utag
finally we do the computation of the SINR which is obtained with both reuses pattern: scheme 1 whetteby
linked to the RSRQ. As a second step we assigmdgeai whole available bandwidth is used in each sectnd a
bin to the base station on the basis of the beNRSI scheme 3 whereby the entire bandwidth is divided #
From that we estimate again the load factor forheacnon-overlapping parts and assigned in three neigtitg
station. This second step is repeated several tumés  sectors within one site. In the network design e for
we get a stable network configuration scheme 3, the sub-band assignment is done in &umofi
The traffic data we used comes from one real UMTSzimuth orientation of the sectors. Sectors in 6fipo
network. The tests consider three different scesari direction from neighbor sites where assigned dffer
originating from the traffic of one day, as showm i frequency groups.

Figure 5. Three scenarios were selected at difféieres  The program implementing our model is developed in
of the day as follows: a first scenario at 8am watv ~ C++. We run the program about ten times to getlstab
traffic and 482 users dropped randomly in the nekwa  resuilts; two examples are presented in the follgwtim
second scenario at 3pm with average traffic and 9,0 gho\y the interest of using the reuse scheme 3 rieah

users; and a third scenario at 6pm with high wa#ild ook design and traffic load from the computatsf
1,471 users. We are considering that all users ar

accessing the network at the same time (saturaadfitt tfie SINR.

condition).
SINR Model: schemel Vs scheme3
traffic per day
100
8000 90 —
80 1
¥ o
T 5000 40
g - m T
; 4000 20
£ 10
g 3000 ol
S1:8am S2:3pm S3:6pm Total
2000 Scenarios
" Figure7. Reuse scheme 3 within 3 scenarios
° 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 . .
Time In Figure 7 we see that the number of users ingeauta
LTE is more important in scheme 1 (13, 36, andth@hn
Figure5. Example of day tratfic with three chosearmrios in scheme 3 (8, 18 and 17) for the three scenasfos

traffic load considered here (8am, 3pm and 6pm
The Figure 6 shows the concentration of the traffithe  respectively). In Figure 8 we did another test wito
3 scenario at 6pm. The traffic is represented bylarc  other traffic conditions at 12 o'clock and 10pmsitows
gradient. The light color shows a low traffic, whithe  results in the same direction. These results ansistent
dark color shows higher traffic. since the total bandwidth used in pattern 1 cangass
more resources, but would jeopardize the rate edfdy
the network. This is due mainly to the undesirébter-
cell interference generated by neighboring cellagishe
same frequency set. Such a dense reuse is an sbviou
pitfall which limits the throughput at the cell edgWwe
can also note according to these results thathigieer
the traffic, the higher the number of outage users,
whatever the frequency pattern solution.

SINR Model schemel Vs scheme3

160 4

140

120

To compare the performances of both reuse 1 arsbréu
patterns, the number of users in outage is usednas
important metric. The minimum required SINR is, as o0 |

shown in Table 2, equal to 0.9 dB. Below this vatie w0 ] ]
SINR, one user cannot establish a communication as Zoii:[tj:i
defined in Equation 6: o

S1:12pm S2:3pm S3:6pm S4:10pm Total
R f
pb b

Vors ™ R
Z Pyt TyOp Oy, s+ NeW

b'#b, f,= f,
Where y™™ =0.9 dB

Users in outage

< yMIN (6)

Figure8. Reuse scheme 3 within 4 scenarios



V. CONCLUSION IEEE International Conference On Communications k&feops,

) ) ) May 2008.
In this paper we present the interference modeind (g . Holma and A. Toskala, LTE for UMTS OFDMA and SC-
evaluation in LTE network. The analysis has beanaa FDMA Based Radio Access, John Wiley & sons Ltd iBdit

out using two reuse schemes of frequency callekIlx3 August 2009.
and 1x3x3 and the load factor which representgrédfic ~ [10] O.N.C. Yilmaz and S. Hamalainen, “Comparaison @mate
density of each cell of the network. Our Compummes electrical and mechanical antenna downtilt perforceafor 3GPP

. . . LTE,” Proc. IEEE 70th Vehicular Conference FallT@®-2009
the Hata propagation model to measure the radioakig FALL), September 2009.

propagation in a medium sized city in France fron@ 0 [11] A Gondran, O.Baala, A. Caminada, H. Mabed, «fatence

UMTS network. We examine how the interference model = management in IEEE 802.11 frequency assignment.REEE

behaves under realistic traffic scenarios, so weeha Vehicular Technology Conference (VTC Spring), pp3@-2242,

considered different time of traffic load to remesthe ;'Zgzsorﬁ’ Mg;ﬂi:::;%a A “Geometic crteria o ioys the

traffic growth an(_j demand during the da_'y; threqqams interfer’enc.é performané:esuof cellular network”, ®ré4th IEEE

were selected with low, average and high traffimded Vehicular Technology Conference (VTC Fall), pp.,IMontreal,

respectively. For the computation of the number of  Sept. 2006.

outage users (non covered users) we defined ateps s [13] Altman, Z., Picard, J.M., Ben Jamaa, S., FoureBtieCaminada,

cycle of network stabilization in which we use fiysthe A., Dony, T., Morlier, J.F., Mourniac, S., “New dfemges in
. . . . automatic cell planning of UMTS networks”, Proc.tfh8EEE

estimation of the RSRP and secondly the estimation Vehicular Technology Conference (VTC Fall), pp. &4, Dec.

the SINR. With respect to coverage, the conclugdhat 2002.

the number of users in outage in LTE is sensitivéhe

choice of the reuse pattern of the frequency bdarmu:

tests confirm that reuse scheme 1x3x3 shows better

results than reuse scheme 1x3x1. These tests alow

validate our interference model and show the hogeact

of frequency pattern on the capacity of the netwdur& to

resource radio limitations.

As perspectives, we aim in the remaining of thiglgtat

analyzing the influence of the load factor througththe

capacity performance metric and show the overloaded

cells which represent the bottlenecks of the nédtwdrle

will try also to study the impact of some antenna

parameters like mechanical, electrical tilts and

transmission power toward the interference model an

different performance metrics (throughput, capadityd

coverage). Furthermore, robust optimization apgnoac

will be studied to highlight the impact of the fiaf

uncertainty in the deployment of the network.
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