15th European Signal Processing Conference (EUSIPCO 2007), Poznan, Poland, September 3-7, 2007, copyright by EURASIP

MULTICARRIER TRANSMISSION WITH COORDINATION IN CELLULAR
ENVIRONMENT

Jo$ M. Diaz Herrandez, Santiago Zazo Bello, &o¢lanuel Paez Borrallo.

ETS Ingenieros de Telecomunicacion. Universidad Roiitga de Madrid
Ciudad Universitaria s/n, Madrid 28040, Spain
phone: + (34) 91 5495700, fax: + (34)91 3367350, email: jrsantiago, paez@gaps.ssr.upm.es

ABSTRACT ensured by one base station (BS) which communicates with
The cellular environment continuos being a very good!S mobile terminals (MS). The BS can use an omni direc-
support for the development of the new generation of mdional transmission system or a sectorlal one, with the fise o
bile communication. Its main characteristic is the levels o S€ctorial antennas. The problem to assign the spectralireso
interference as a result of intensive reuse of the spectim. €S in order to perform a spectrally efficient coverage of an
tercell interference limits the capacity of wireless netegy ~ 7@ has been treated and two main spectrum management

so, it is important to know its statistic over the surfacetaft Strategies exisL[9]. In the one hand, all BS and all associa-
cell and to use new technologies with some levels of coord|€d mobile terminals share the entire available bandwidth a
nation to mitigate it. The objective of this study is to agaly € SPectrum is reused from one cell to another (single fre-

the behavior of the interference over an active cell from thélu€ncy network or universal frequency reusel) [7],so, it is
nearest one (first tire in this case) and to provide a compa'€cessary to use any spread-spectrum based multiple access

rison between a partially coordinated OFDM in front of a (€chnique, such as DS-CDMA or Frequency Hopping OFDM
fully uncoordinated frequency hopping OFDM network. WelFH-OFDM). The other possibility is to divide the comple-

present the results of the total throughput in both cases. (€ ransmission bandwidth and to assign different portions
adjacent cells and the reuse patterns are defined so as to mini

1 GENERAL INFORMATION mize the multi-cell interference. These two solutions pres
' their own advantage and disadvantage and the performance
The continuos growth in the demand for mobile commu-depends on the access technique which is used.

nications has led the scientific community and the industry |y general, the terrfrequency assignmehas been used

into intense research and development efforts towards a ney gescribe different types of problems which often have dif
generation of cellular systems. Currently there are s€vara  ferent objectived]d, 10],

going research projects regarding the design of a high flexi-

ble and scalable next generation mobile radio access concep. Planning models for permanent spectrum allocation (a fi-
(4G) with respect to high data rates and spectral efficiency. xed subset of subcarriers is assigned to each MS and BS
For this 4G systems there are several attractive candidates  or wireless station in general).

transmission schemes based on multi- carrier systems. 5 - pjanning models to establish different types of services
Orthogonal Frequency Division Multiplexing (OFDM) is within a given allocation.
one of the promising techniques for achieving a high speed _ o _ o
data rate,required in the new wireless data systems, with 8 Dynamic assigning frequencies to users within an esta-
relatively low complexity receiver (requiring only a fasite blished network, with special interest in land cellular mo-
rier transform processor followed by a single tap equalizer bile. No predefined subset of subcarriers is assigned. Ba-
over the subcarriers)][8] . OFDM divides the entire channel ~sed on the quality of each subcarrier from each BS to ea-
into many narrow sub channels and transmitting data in para- ch MS an optimal set of subcarriers is used in a dynamic
llel, therefore, it is used in wireless communications tmeo way.
bat the distortion due to multi-path propagation and to in-  pacandy the uses of dynamic subcarrier scheduling me-
crease the spectral efficiency. Furthermore OFDM Preventsanism related with multicarrier technolody [12] 13], ha-
intersymbol interference (ISI) and intercarrier inteelece o gained a lot of interest with the main motivation to ex-
(IC1) by inserting a guard interval between adjacent OFDMy| it the possibility to analyze the interference leveld &m
symbpls. o _assign sub carriers among terminals according to their qua-
_ Different publications(Ii] -[[5] have presented the prin-jity. In this paper we have chosen to focus on a system using
Clpal ad\_/antage of use OFDM in combination with other te-FH_OFDM with a random frequency assign’ this access met-
chnologies like antenna arrays to enhance system capacitypd appears as a promising candidate in future wireless stan
based on the development of adaptive modulation and the infards for many reasons: flexibility in subcarrier attributi
troduction of coding[B. 1. 11]. The possibility to use OFDM no multiuser interference, simplicity of the receiver, [
as a physic layer in mobile communications, bring about thend OFDM system with a level of coordination at the mo-
necessity to analyze the behavior of it in a more realisée sc ment to distribute the frequency in the adjacent secters (
narios, i.e., cellular structures with many interfererigeals  source allocatiohbased in the optimization of the total in-
from different sectors around the principal one. terference from the users in the different sectors. The igrpw
The basic principle of the cellular communications is tointerest in wireless communications has highlighted tloe fa
split an area into cells and the coverage of each cell is thetihat the usable radio spectrum is a finite resource. The fest o

©2007 EURASIP 469 EUSIPCO, Poznan 2007



15th European Signal Processing Conference (EUSIPCO 2007), Poznan, Poland, September 3-7, 2007, copyright by EURASIP

the paper is outlined as follows. Section 2 presents thein
cell environment and the model used to calculate the int
rences with a precise formulation. In Section 3 the ana
of the interference over the area of the sector and we |
light the interference’s difference by zones. Section 4yar
sis the total throughput in the main sector using FH-OF
and partially coordinated OFDM. Section 5 contains the «
clusions. Lo

2. MULTI-CELL ENVIRONMENT

In the analysis, a typical hexagonal structure is asst
for the cellular network where all the cell sizes are eqt
Each cell is served by a base station with omnidirectic.....
antenna structure or a perfect sectorized antennas with uni
gain in the angular interval of service and zero spill overFigura 1: Scenario example with the first ring of interfenc
In figurel it is depicted the one-tire multi-cell environmien cells, two users by sectors and three frequencies.
where only the nearest interfering cells around the desired
cell is considered, it means that the effectdNgf= 7 cells
will contribute to the interferences in the central cell @agh q
cell hasNs = 3 sectors (da§hed_llne_ in flngIb_l) Pi(dg) = Po(da) - (_A)—y. 1P 3)
Interference power estimation is based in the use of log- ds
dance pah loss mode) a1 e ognormal SORTOXIT2" wherex, is  zero-mean Gaussian distibuted fandor
- . : Sariable (in dB)with standard deviatian(also in dB) [4]. In
signal power decreases by the logarithm of the distance bg—

tween the transmitter and the receiver (outdoor or indoor eecneeral,pi (ds) is affected by shadowing and fast fading, so
. . o ived power is in fact,
Such models have been used extensively in the literéilire [

The average large-scale path loB&)is expressed as a func- da.
tion of distance by using a path loss exponent, pi(de) = Po(da) - (d—B) V.5 fi. 4)
PLO (E)y. 1) wheres represents the slow fading with lognormal distri-
do bution andf; is a unit power exponential distribution related

where d, is the close-in reference distance which is de-t0 the Rayleigh fading.

termined from measurements close to the transmitterdand ;

is the separation distance between the transmitter anéthe r2'1 The scenario

ceiver. Using this model, if an arbitrary base station issabl  Inthe analyzes, it will be considered the effect of the first
to providep, watts to a certain user located at distadggit ~ rings of cells, a total oNc=7 cells each one with three sec-
will interfere with other user in other sector (or cell) asdi tors, thatisNs = 3 (see figur&ll). We disposé users ran-
tancedg with a powerp; given by, domly per sector and it will be assigned them a totaNef

frequenciegfy, fo, ..., fy, ) with the conditionN¢ > Ny, so it

y @) is possible to make different combinations in order to gelec

' the best one according to the interferences. Fifjire 1 shows
an example wherBl, = 2 users have been disposed in each
cell and a total oNs = 3 are used. The sigrfs, f,, f3,F1,F
. X X closed to the users in the centered cell under study mean the
obstructions are presentwill have a large value, typically assigned frequency, wheFe, F» are the same frequencies li-
between 2 and 6. ke f1, f» but they are assignment to the users in the main sec-

~ The model in[[ll) does not consider the fact that there argyr | Squares represent the base station locations and green
different conditions surrounding the locations havingshe circles the random user’s positions.

me transmitter-receptor separation. In order to consiuer t

situation, the log-normal approximation is used, whereenor 3 ANALYSIS OF THE INTERFERENCE IN THE
measured signals are much different than the average value MAIN SECTOR

predicted by the equatiofll(1). Mobile radio signals are com- ) o _ ) _

posed of two fading components , fast fading caused by lo- The main objective of this study is to provide some com-
cal mu|t|path propagation and slow fadmg due to shadowin arable result_s of the In_terference behavior when we use dif
[14]. The envelope of the received signal can be expressd@rent strategies to assign the spectrum among users. These
asz(t) = s(t) - f(t), wheres(t) is the slow fading component Strategies are:

which is log-normally distributed, with standard deviatio = A fully uncoordinated frequency hopping OFDM ne-

P (de) = Po(dn) ()"

The value ofy depends on the specific propagation envi-
ronment, for example, in free spacgis equal to 2 and when

the range 4-12dB, anii(t) is the fast fading envelope whi- twork. This is the simplest OFDM multicell scheme whe-
ch closely follows a Rayleigh distribution. The situatioh o re null coordination is required, it supposes that every set
the interferences will be better characterized by theidistr of users are located over the available carriers randomly
tion of the slow fading and the path loss, so it is possible to  without any knowledge about the per carrier fading factor
express the path loss as, or the intercell interference that it is cusing.
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Values of the interference’ mean over the surface of the sector,

Without Coordination in fraquency. sectors) and in the second (Figlile 2.b) itis represented a pa
tially coordinated OFDM system, it means, the coordination
in frequency assignment in the three main sectors (thewicti
sector and the two nearest). In both figures are represented
the most significative value of the mean of the interference,
where it is possible to appreciate the difference between th
two cases:

0.9 mean  =0.8144

0.8

0.7

mean

0.6

0.5

ma>(mear)|:H,o|:DM = 0,8144
max mear) or pM partial—coordination = 0,61.

In order to evaluate also the variance of the interference
in both cases, it is better to represent the distributiorhef t
interference over the surface of the sector. The distolus

0.4

Values of the interference’ mean over the surface of the sector,

07 using partially coordinated frequency assignment. depicted in f|gurﬂ3

065 ; 06 Itis possible to see in figukd 2 (a) y (b) that there are diffe-

o6 rent zones around the BS with a clear differences in the mean
05 value of the interference, depending on the distance frem th

position of the BS, so, it could be a good practice to analyze
the interference from different zones inside the sectam®@o
propose to divide the sector’s area in three zones accoraling
the value of the interference and classify them in higing

1), middle gone 2 and low @one 3 interference zones.
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Figura 2: Surface of the mean values of the interference on
the victim sector: (a)Using FH-OFDM, (b) Using a partial
coordinated frequency assignment.
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= Partially coordinated OFDM network. It means that the
optimum search of the spectrum allocation will be based

o
w

on the joint analysis of three sectors (in the central cell), 02f
while the interference of the neighbor cells is uncoordi- o1k
nated.
g i it i 0 0.5 1 15 2 25
Once we know the user’s disposition in each sector, we I

calculate the influence of the interference over the users in

the main sector, knowing the position of each BS and fre-_ )

quency’s distribution according the two strategies. Far th Figura 3: CDF of the mean value of the interference over the
different positions of the users, we estimate the mean angHrface of the sector considering the two strategies of fre-
the variance of the interference along the surface of the sefluency assignment: FH-OFDMificoordinatedland partia-

tor: we calculate extra distances from interference celtse  ly coordinated OFDM ¢oordinated .

victim one and the attenuation accordinglib (2) . To optimize

the network in order to reduce the interference, we analy- |n figure[2 and tablEl1 is depicted the limits in azimuth
ze all of the possible combinations of frequenexiaustive  and distance between different zones. We have considered
searchover a large number of permutations). The number othe analysis of interference by zones, that is:

permutations is:

( Nt! N ) Interference Zones
(Nt — Ny)! Zone Azimuth (@) Distance

o o i Zone 1| [5m/3,51m/30];[9m1/30, 11/3] 0:-0.2
approximation which is unfeasible for a number of users| zone 2 | [5171/30,53r1/30];[771/30,971/3] | 0.2+0.4

above 4. In this example the total number of combinations i 7gne 3 [5371/30, 771/30] 0.4-1

216. In order to get some results with reasonable computati

nal time, we it is necessary to implement a simpler approach

as a suboptimum process. Cuadro 1: Position of the different zones according to the
Figurel2 (a) y (b) represents the results of analyze the inevel of the interference.

terference over the surface of the victim sector, in thigcas

a total of eleven sectors conform the interference. In tise fir ~ where ¢ is the azimuth values of the first sector in the

case (Figur&l2.a) we consider a frequency hopping OFDMentral cell (the values o in the first sector belong to

with random frequency assignment (no coordination betweefbr/3, 17/ 3)).
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Figure[® shows for the zones nearest to the BS (interfe4. TOTAL THROUGHPUT IN THE MAIN SECTOR
rence zone 3), that the probability to obtain a value of in-

terference less than a specific value in the abscisas isrhighﬁz1 u ﬁ\qna;Irgggtrit)anntjﬂ‘lrtgrljefci%iﬁgiigzﬂmutwrgl: ShUbu_t %I?t;”
than in the rest of zones. It is a logical result considerirg t 9 gnp

proximity of the BS. So, if we use these results, it is pc)ssi_users in general or the users inside the principal sect@. Th

ble to develop an algorithm that, in coordination with a Sub_throughput can be expressed like:

optimum process, we can reduce the complexity in general,

applying the frequency coordination only in the zones with NuNs =

higher values of the interference and to assign frequency inR= Z |ng(l+I (K 5) (bit/sed/usen (6)
the rest of the sector ramdonly. The running time es reduced k=1 s(K) +1e(K) + 0

too. whereR_ is the received power from the BS, it is calcu-
lated from the expressioR, = A - d~Y, whereA; represents
the slow fading attenuatiot(K) represents the interferen-
ce power within the users in the three sectors that are being
coordinated ands(k) the interference from the rest of the
sectors no coordinated aod is the noise power. In the same
way, it is possible to analyze the behavior of the throughput
using a frequency hopping pattern in all sectors and without
limits of power in the BS and introducing the coordination in
the principal sector.

The simulation considers 2 users by sectbks= 2, and
the use of three frequencidd; = 3. The result of the total
throughput is depicted in figufg 6. In spite of the coordina-
tion is made in the three principals sectors, it is possible t
appreciate the possibility to get a higher throughput, ia th
case, the probability to have a total throughput less thgn an
value, that isP(R < abcisa= 4) is 60 % for a partially coor-
dination OFDM as strategy of frequency assignment and the
70% for FH-OFDM without any coordination. The results
will be better if it is possible to extend the coordinatioreov
the complete structure (the seven cells in figlire 1)and to use
a higher number of frequencies, it means, higher possibili-

Figura 4: Surface of the mean values of the interference ofieS of combination in order to reduce the interference. The
the victim sector using a partial coordinated frequency ass@me result can be noticed in case of analysis the individual
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/ Figura 6: Total throughput of the users of the central ceilco
00’ o : - 5 3 sidering FH-OFDM g¢ncoordinategthe partial coordinated
' Interference OFDM (coordinated .
Figura 5: CDF of the mean value of the interference over the 5. CONLUSION
different zones of the sector, considering the partial dsor ) ] ) .
nated OFDM ¢oordinated . The use of dynamic subcarrier assignment in cellular en-

vironment offers high possibilities to increase the sp@ef-
ficiency by means of a algorithm with a proper criteria. It
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