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Abstract—We study the optimal division of cells into in their own cells. The benefits of inter-cell scheduling
different service areas served under different coordinated with fixed set of users have been studied, e.g., in [1],
transmission modes, i.e. combinations of base stations[2] [3].
simultaneously trgnsmitting, in order to av_oiq the adverse Data traffic in cellular systems in a dynamic setting
effect .ct)f 'r:/t\?r'?e” 'nterfe{ﬁnce and }0 max'm'ﬁe thfhsyftefrp where flows come and go has been analyzed in, e.g.,
capaily. We Jocls on the genera’ case wnere the fra IC[4] and [5]. In particular, inter-cell coordination in this

load is inhomogeneous and give a complete characteriza- " . ) AN
tion of the optimum for two-cell and three-cell systems in Kind of dynamic setting was studied in the recent work

terms of a set of necessary conditions. An example of aby Bonald et al. [6] (a fuller account in report form
three-cell system with a traffic load having a gradient in iS given in [7]) in which both interference avoidance
an arbitrary direction is numerically worked out. and load balancing are addressed. The latter refers to
dynamically adjusting cell boundaries in order to divert
traffic from an overloaded cell to a neighbouring cell
In the current trend to all-IP world, data applicationsith free capacity. Bonald et al. study the system from
are becoming more and more important also in cellulghie point view of stability region, i.e. they try to find
systems. Data traffic consists of so-called elastic flotlse maximal network capacity. To this end, they consider
that typically represent a transfer of data file or astatic operation policies; finding the optimal static policy
element on a web page etc. Elasticity refers to the fastequivalent to finding the system capacity. In practice,
that data applications have less stringent delay requigestatic policy is not a good choice because of its sub-
ments than, e.g., the traditional voice service and tlgtimal performance at low load and because of its
instantaneous rates of individual flows can be adaptedsensitivity to the assumed traffic distribution at high load.
the traffic conditions without a drastic reduction of th&ortunately, as discussed in [7] the same system capacity
value of the service to the end user. is obtained by more robust adaptive policies [8], [9]. The
Data traffic in wireless system is most advantageougbaper by Bonald et al. covers a two-cell network and a
transmitted in a time shared fashion, as in HSDPA, symmetric three-cell network with homogeneous traffic.
order to completely eliminate intracell interference, i.é[hey also give some interesting results pertaining to an
a base station sends with full power to one customeriafinite regular grid of base stations.
a time. This kind of system may still suffer from the The main contribution of the present paper is the
inter-cell interference. In particular, customers close formulation of the general optimality conditions for the
the cell border are adversely affected by the interferensitic policy in a three-cell system with an arbitrary
from simultaneous transmissions in neighbouring cellgaffic distribution. These necessary conditions charac-
System capacity can then be improved by a coordinatestize the optimal intra-cell boundaries between different
operation of close-by base stations; when one baservice areas served using different transmission modes.
station is serving a customer in a distant location the baske results are used to work out a numerical example
station or base stations that have the highest interferiafya three-cell system with inhomogeneous traffic dis-
signal power can be switched off. There is, of course,tid@bution. Though we focus on the optimal static policy,
trade-off between the benefit obtained by the custombie ultimate purpose, as in [6], is the calculation of the
in question and the fact that the base stations that aestem capacity bounding whatever policy is used.
switched off cannot during this time serve any customersThe rest of the paper is organized as follows. In

I. INTRODUCTION



Section Il, we define our system and basic concepts. Defining
Section lll, a two-cell system is considered as an simple o7 = f) o @)
introduction to the optimality conditions. The results of ¢ A7 CF(X)

this segtion are basicall_y contained already in [6], [7]}q denoting the mean flow size by the proportion of
In Section IV, we consider the three-cell system and,q needed to serve the traffic arriving 4t by BSt in
give the optimality conditions. A numerical example Ofransmission mode is \op7, i.e. A\op] is the traffic load

the three-cell system is presented in Section V. Finallys 4o areaA7. Since all the service area in different

Section VI concludes our paper. cellst € 7 are served using the same transmission mode
7, the proportion of time needed for transmission mode
[I. SYSTEM DESCRIPTION 7 to be on isAo max; pj.

Correspondingly, the total proportion of time the sys-

In the present paper we consider systems whergedy, is active, i.e. some transmission mode is being used,
given aread is served by a finite set of base stationg Aop, Where

(BS). The area is divided into fixed ce_IIs so that each p= Z max pJ. 3)
user is served by the nearest base station. ¢

It is assumed that the operation of the base stationsriﬁ‘.
fully coordinated and any number of the base stations can
be actively transmitting simultaneously. By a transmis- Aop < 1. 4)
sion moder we refer to a given set of transmitting base _ . .
stations. Withn base stations, there ap® — 1 active Thus for a giverp, the maximum value ok is 1/(pa),
transmission modes (excluding the one where all ba@@d the system capacity is
stations are switched off). The set of all transmission
modes is denoted by .

The set of points that are served by B8 transmis-  Our objective is to make the capacity as large as
sion moder are denoted byl7.t € 7 € 7, and is called possible. This is achieved by choosing the division of
a service area. For exampLe(lm) stands for the set of the whole area into service areas],t € 7 € 7, such
points in cell 1, served by BS1, using transmission mo@g& to minimizep,

TeT
e stability condition of the system requires that,

C = A -0 = 1. (5)
p

(1,2). Each cell is thus divided into different service £(%)
) .. % . . 2
areas served under different transmission modes. An p* = min p = min max T (x) d“z. (6)
intracell boundary between neighbouring service areas A Ay o7 o7 Jap ©
is denoted byA;!|A ien €T e e T, The optimized system capacity* is then,
The location of a user in the system is denoted by 1
x. The full service rate the user obtains from a given C* = P )

base station, when the whole service time is devoted
to that user, is called the feasible rate. Because of Rl task is to find the boundaries between aréast <
interference effect from other base stations transmittifigE 7, that realize the minimum of in equation (6).
simultaneously, the feasible rate depends also on the m

e . . TWO-CELL LINEAR SYSTEM
transmission mode. The feasible rate a usex atb- We il h incinles by fi ideri
tains from BSt in transmission mode is denoted by /€ llustrate the principles by first considering a two-

Cr(x),tereT cell linear configuration depicted in Figure 1. This sys-

t ’ . . . .

We consider data traffic of an infinite user popula‘rioﬁ.}m could represent, for instance, a road scenario. This
simple system was analyzed also in [6] and the results

in downlink direction, the traffi in hat popu-, " . . . )
(in do direction, the traffic destined to that pop of this section are, in essence, contained in those of [6].

lation). Let the total arrival rate of flows to the SySter('/Ve concentrate on the general case with inhomogeneous
be A and letf(x) describe the probability density that an 9 9

o . : . .. traffic load, i.e. we allow an arbitrary distribution of the
arriving flow is destined to a customer at(i.e., this is ser population on the line
also the probability density of the user population). The&>¢! POP - .
o . As there are two base stations, there are three possible
distribution is normalized such that o .
transmission mode¥, = {(1), (2), (1,2)}, where either
9 only one of the base stations is active or both of them
f(x)d%z = 1. (1) . . h ity f .
1 are active. Accordingly, there are potentially four service



- 1 x 1 R . . :
BS1 ¢ * BS2  means that using transmission mode (1,2) the service of

0
X % the traffic in areaA(21’2) completes in a shorter time than
Fig. 1. Linear two-cell system with service area boundaries. that of A(11’2). Then it is clear that after completion of
the service oﬁ4(21’2) it is advantageous to switch BS2 off

and serve some of the customerSAﬁ’m with a higher

A 4 @) 4(1,2) (1,2)
areasiA;”, A;°, Ay, and A3"". Each of the cells feasible rate in mode (1) instead of mode (1,2). Indeed,

is potentlglly divided into two areas. Users close to l‘?ecauseCP S C§1’2), the increase ”p(11) is less than
base station are always most advantageously served, b L (1,2) .
: . ) : the decrease ip, '/, i.e. in the maximum term of (8),
letting both base stations be on; as the relative effect .
with the net effect of decreasing

of the interference from the other station is negligible, . . , )
it is a good idea to let the other station simultaneousel%/(glext we establish that if both service areA§ and

do useful work. When serving users closer to the cefl2 do exist, i.e. neither; norx, coincides with the
boundary, however, it may be advantageous to swit€R!l boundary, then necessarily the following condition

the other station off if the gain in the feasible rate iR°!dS-

absence of the mterferenpe is big enough. Condition 2 If the optimal division is such that; # 3
The four areas are delineated by the cell boundary Jn , £ L then one must have 2

the middle between the base stations (marked by o) andd 27

by two other points denoted; andz,. Without loss of () O (2y)

generality we can assume that the base stations are at a C(l)(x ) + @ ()

unit distance from each other: BS1 is at point 0 and BS2 1™ 2 \*2

is at point 1 and the cell boundary is at point 1/2.  Proof

. . . H 1 1
According to (3), the total fraction of time needed td "€ assumptione; # 5 andz; # 5 means that each

~ 1. (10)

serve the whole traffic load isop with of the boundary points can be moved in either direction
12) (12) ) @ (by a small amount) without any constraint. This is to
p=max{p; 7, py "} +p; +py (8) say that the presumed minimum of with respect to

1 andzx, is obtained in an interior point of the feasible
region of these variables. Condition (10) represents then,
#'n essence, the requirement that derivative of the function
é& be minimized equals zero. In fact, whatever small
change we make in the values of andz,, the change

of p to the first order in terms of the these changes must
equal zero. In particular, we choose to make a small
A. Characterizing the optimal boundaries change in the boundaries in such a way that the traffic

H (172) 1 (172) 1
The optimal division is fully characterized by two necload both in aread; ™" and in A, increases by the

essary conditions for optimality. Together, they suffice §2M€ amoundp, cf. Figure 2. Then the maximum term
uniquely define the optimal boundaries. in (8) increases by the amoudip. Equating this |r21crease
to the first order decrease of the smﬁ) + p(2 ), by

Condition 1 The traffic loads of service area§"” and Making use of (2), we have,

where the different load componenis defined by (2)
depend on the choice of the boundarigsandz,. Note
21 Or £ may coincide with point o, so that one or two o
the areas may shrink to zero. According to (6), our ta
is to find the optimal boundaries to minimize Next we
will give the optimality conditions.

1,2 .
A must be equal, i.e. e x C§(1;2)(w1) » Cé(lj)(x?)’
A1 — 1) (©) () Gy (a2)
Proof from which (10) follows.
The proof is by contradiction. So we assume that Con- o> <
dition 1 is not satisfied by the optimal division and sy e AL 1 LR e B
reason thap can be decreased in contradiction with the X 0 X

. . . 1,2 (1,2 .
optimality. To this end, suppose, e/ﬁ. ) > P ). This Fig. 2. Changing boundarie"?|A(" and A% A0,

In the case of a linear system, the distributiffx) is, of course, .. . . .
one-dimensional and correspondingly (2) is replaced with an integral (_Zondltlons 1 and 2 unlquely define the_ optimal lo-
over a single variable. cationsz; and z5. One can find the optimal values



by starting fromz; = 0, whence by Condition 1 needed to serve the whole traffic loadasp, where

= i i (1,2) (1) = 2,3 1,2,3 1,2,3
{L‘Q(l > 1. At (t2r)1|s point C}*(z1)/Cy 7 (x1) 1 and. p = max{p(ll’ : )7p57 ; )7/)(3 )} + (11)
Cs 7 (x2)/C5” (x2) = 1 because close to a base station 12 (12 w3 (13)
the interference is negligible in relative terms. So the left max{p; "’ ), Py’ )} + max{p; "’ )7 p3 )+

hand side of (10) equals 2. Moving andxs inwards,
so that Condition 1 is always satisfied, the value of the
expression on the left hand side of (10) decreases. The (1) (2) (3)

. . . . . ) . + + ,
optimum is obtained when either this expression attains PLoTp2 TP

the value 1 or eithex; or =, reaches the cell boundary@nd our task again is to find the boundaries between the
in the middle, whichever happens first. service areas so as to minimize this expression.

2,3 2,3
max{py?, pF Y} +

A. Characterizing the optimal boundaries

In the following, we characterize the optimal division
of the cells into service areas by giving three necessary

In this section, we consider a system of three identic%t‘?_nd'tIonS that have to be satisfied by optimal bound-

base stations at the corners of a triangle. The c&fies: .
boundaries are assumed fixed and are defined by thghroughout the rest of the paper we use the following
mid-planes between pairs of base stations like in sfiort hand notation for the feasible rate ratios at a given

IV. THREE-CELL PLANAR SYSTEM

Voronoi tessellation. The considerations are similar as I?r?mt * e
the linear case, but the 2-dimensional planar geometry u(X) = (’Y'CT(X()X), Vt,
requires some extensions of the results. !
. . . (1,2,3)
Now there are 7 different transmission modé&s,= v (X) = %)(’0, Vi, ', t £t
{(1),(2),(3), (1,2), (1,3),(2,3),(1,2,3)}, where either e
one, two or three base stations are active simultaneously. (x) = " (x) Vit LAY
. tt C(,f’)(X) ) s Uy .
From the outset we assume that each service &feac ¢

T € T, is a compact set. Though we do not give a prodfs illustrated in Figure 4, at the intracell boundaries
that this is the case for the optimal division, it is verj?€tween service areas, each of these quantities gives the
plausible that this is true. The whole system could Hatio of feasible rates at different sides of a given type
divided into 12 service areas as illustrated in Figure 9f boundary.
The cell boundariespa, ob and oc are also depicted in
the figure. Again, it is possible that some of the service
areas shrink to non-existence, though in the following
for the sake of simplicity we implicitly assume that they
all do exist.

With the aid of (3) we write the total fraction of time

Fig. 4. An example of the definitions of the service rate ratios.

Condition 3 The traffic loads of service areas in dif-
ferent cells served under a given transmission mode are
equal, i.e.ptT) = p,ﬁf) forallt € r,t €7, t #t.
Explicitly, this gives five equations

1,2,3 1,2,3 1,2,3
89 a9 o)
(12) _ (12

e 12
P’ = p3

Fig. 3. The division of the three-cell system into service areas. p(22’3) = p(32’3)_



Proof on the border. By following the above argument, we find

The proof of the above necessary condition is essentiallyo pointsxs andx, on the border such thag, (x3) >

the same as that of Condition 1. vy (Xx4). In the same way as above, the border can be
distorted about the points; andx, as shown in Figure

Condition 4 With an optimal division into service areas5b, in such a way that the load">* does not change

the ratio of the feasible rateS7 (x) and C7'(x) in any while the loadp{""’ gets smaller. Because initially, by
cell t is constant on a boundantf|A] between two the assumed optimality and Condition 3, we have the
service areas, That isy(X) = uz, v (X) = v, and  equality pi*" () the termmax{p{""”, p"")1 in

. . t = Py ¢ s Py
wyp(X) = wyyp are constants on the respective boundarlﬁ_sl) does not change thoug&f’f’t') becomes smaller.
for all t andt’, t #¢'.

Thus we are in a situation where still equals the

Proof minimum of an optimal system buyt"") < p{*" in

We already know by Condition 3 that with an optimafontradiction with Condition 1.

division minimizing p, the service areas in different

cells served under a given transmission mode have eq&mark 1 Condition 4 defines the type of any intracell
loads, as stated in (12). Now we wish to prove that alofpundary curve: each of them belongs to a known family
each intracell border between two service areas the reifocurves, viz. equivalue contours of the ratio of feasible
of the respective feasible rates is constant. We prove tF§es in the respective transmission modes. A curve is

by contradiction by assuming that this is not the case aHgiquely defined as soon as the value of the constant
showing that this leads to a contradiction. ratio is given. In each cell, there are four service areas

consider: Ai\Ai’t' AﬂAgl’Zg) and A?“\Agl’w) with area boundaries in the system are defined by 15 unknown

t # ¢'. The proof for the second type of border i§onstants.

identical with that of the first one. So we consider onlxﬁ o

the first and last types of border. e_zmark 2 By conglderlng a vertex v_vhere t_hree bound-
We start with the boundary of typAﬂA?t' and make aries meet at a smgl_e poink, one !mmedlately sees

the counter assumption that the feasible rate rajo(x) that t_h_e constants satisfy the following so-called vertex

is not constant on the border. In particular, fgt and conditions (cf. Figure 4):

X2 be two points on the border such that, (x;) > Uy = vy Vit t £t (13)

wy(x2). Now distort the border about the points ’ T

and x, as shown in Figure 5a, in such a way that thaltogether, there are 6 conditions of this type corre-

load p,(f’t') does not change (this is always possible bgponding to two vertices in each cell.

adjusting the sizes of the modified areas appropriately). ) . )

Thjen it f%llows from the assumed inequality grl?d f?om th{:) In analogy with Condition 2, we have the following

definition (2) thatp,gt) becomes smaller. As other termg!€¢€SaY condition.

in (11) are not affected, the total effect is thatould

be made smaller in contradiction with the optimality.

Next, consider the boundary of typ&! | A{"**) and

Condition 5 The constants defining the optimal bound-
aries satisfy the relations

assume that the feasible rate ratjp (x) is not constant up +ug +uz = 1, (14)
wi Fwpy = 1, YVttt £t (15)
Ay Proof
Xa By Conditions 3 and 4 we already know that the optimal
X1 X2 AL A boundaries are such that the traffic equalities (12) hold

and that each boundary curve is of the type ‘constant
feasible rate ratio’. In addition, analogously with the
a b proof of Condition 2, we reason that if the boundaries
are optimal, thenp of (11) must be invariant, to the
Fig. 5. Distortions of intracell service area boundarig®’ | A{"® first order, to any infinitesimal distortion of the boundary
(@) andA{"® | A{"*®) (b) needed in the proof of Condition 4. curve (‘first derivative equals zero’).

A (11,3)



That is, we have exactly as many equations as there are
unknowns, and all the constants can be solved. This is
illustrated by a numerical example in the next section.

V. NUMERICAL RESULTS

In this section we demonstrate the application of the
previous results for finding the optimal boundaries in
a three-cell system with an inhomogeneous traffic load.
The base stations are assumed to be located at the corners
of an equilateral triangle, with positiong, ry, andrs.
Fig. 6. Distortions of intracell service area boundaries for the proof We assume that the feasible rate depends on the
of Condition 5. signal-to-interference-plus-noise-ratio (SINR) through
the Shannon formula:

case 1

First, we choose to distort the boundaries in the way Cf (X) = B logy(1 + SINRy ;),

shown in Figure 6, case 1, i.e. each of the boundarie : . .
' T . [ [
Ait)‘Ailz,B)’ t — 1,2.3, is slightly distorted so that Where B is the bandwidth of the channel and S NRis

(1,2,3) the SINR of a user located atwhen the transmission

all the loadsp; ™™, t = 1,2,3, increase by the samen,4e js7 For anx belonging to a celt € r, this is
amountdp (there are infinitely many ways to do thls).given by

Then, also the first term of (11) increases by the amount
dp. At the same time, each of the termg) decreases SINR, , = g(x =) 7
by an amount which, in view of definition (2) and the 403 perpr 9(X—Te])
constancy of the feasible rate ratio along the boundagyhereg is the CDMA orthogonality factor and is the
to the first degree equalgp x u;. From equating the normalized noise power, = (N, B)/P, with Ny, being
positive and negative changes in (11), the spectral noise power arféd the transmission power
of a base station (assumed to be the same for all base
(16) ) : . ,
stations). The functiory(r) defines the attenuation of
equation (14) follows. the signal power as a function of distaneeFor this we
Similarly, for any pair of cells andt’, we can consider use the standard modelr) = r~“. The attenuation
the type of boundary distortion shown in Figure 6, caggxponenta depends on radio propagation conditions,
2, where the boundarieﬁ,ﬁt)\Agt’t) and Aif) Aif’t) are typically being in the rangex = 2, ..., 4. In this study,
distorted so that the Ioadzét’t') and pgfﬂf')’ increase by We use the numerical values= 0.05, 0 = 1, ando = 3.
the termmax{ pgt’t'), ng’t')} by dp to the total decreasefunction of positionx, i.e. to have a constant gradient.
(t) (t’ The distribution is depicted in Figure 7, where a dark
of the termsp,” and p;, ’, _
shade of grey represents a low and a light shade of gray
dp =dp X wep +dp X wy 4, (17) a high traffic density. The values gf(x) at the corners

dp=dp xuy +dp X us +dp X us,

equation (15) follows.

Remark 3 In addition to the single condition (14), there
are three independent conditions of type (15). Altogether,
these equations set four conditions on the unknown
constants.

The above conditions suffice to determine the optimal
division of the cells into service areas. As noted before,
in the general case there are 15 boundaries between intra-
cell service areas, i.e. 15 unknown constants. Remark 2
provides six equations between the constants, Conditigg. 7. Traffic distribution with a gradient. Light and dark shades
3 gives five equations, and Condition 5 four equationgf gray correspond to high and low traffic densities, respectively.




of the triangle in our example are 0.5, 0.9 and 1.6,
starting from the left bottom corner in counterclockwise
direction, with the average value ¢fx) equalling 1.

In each cell, there are four different service areas, sep-
arated by five boundaries. Each boundary is defined by
a single parameter. So altogether there are 15 unknowns
in our problem (the parameters, v, and wyy). By
equations (13), (14) and (15), 10 of these unknowns can
be eliminated by expressing them in terms of the five
variables, €.0.41, u2, wiz2, w23, andwgl,

’U,3=1—’U,1—’U,2,

Ul U2
v = — K = . . - . .
12 wia’ 21 1 —wqs’ Fig. 8. The optimal division of a three-cell system into service areas
with the inhomogeneous traffic load of Figure 7.
u9 1-— Ul — U
V23 = —, Vg = —M—
w3 1 —wag
1— 1wy — uy u retaining stability. In particular, we allow a general distri-
U3t = Vi3 = T bution of the offered traffic within the considered area.
31 — w31

A set of necessary conditions satisfied by the optimal
wo1 = 1 —wye, w3s=1—1ws3, wiz=1—w;s]. division of the cells into service areas (served under
_ i . different transmission modes) was formulated, along the

The five unknowns can finally be solved from the f“"ﬁnes set forth by Bonald et al. in [6], [7]. Together,

traffic load equations (12). o these conditions suffice to define the optimal service area
The solution of the traffic load equations is somewhaf, icion uniquely.

tricky but we were able to do it numerically with the £ he case of a two-cell system our study is ex-

aid of Mathematica The resulting optimal division into 5 stive. For the three-cell system we focussed on the
different service areas is shown in Figure 8, where theqe \yhere all the potential service areas do indeed exist.
areas served under a given transmission mode are sho¥Wfj\gjqering all the possible cases of vanishing areas
using the same shade of gray. The three separate ajgass to a rather tedious analysis.

close to the corners are all served u_nder the transmissiornrhe optimal service area division and the associated
mode (1,2,3), i.e. with all the transmitters simultaneouslyneqyle for different transmission modes define a static

on. The three areas in the central region are all servege a4ing policy for the system that stretches the capacity
with just the closest base station on in order to avoifh it as far as possible. As noted in Introduction, a

interference. For the transmission modes where two §’cfatic policy itself is not practical. First, below the

the base stations are on simultaneously, the service ar@éﬁacity limit its performance is suboptimal. At the
cons_ist of two piec_es s_uch that for each piece t_he Clos_ee%&reme, when there is only one flow in the system,
Serving base station is on and the closest mterferuage corresponding base station should be wholly devoted
station is off. . __ to serve the flow, keeping other base stations switched
Corresponding to the fact that traffic intensity is highs¢t This is in contrast to the static policy where differ-
est at the top of the triangle, the service areg5™”,  ant ransmission modes are allocated fixed time shares.
A, and AY>®) are smaller than their counterparts isecond, at high load, a static policy is sensitive to the
other cells, in order to satisfy the traffic load equalitiegxact knowledge of the traffic distribution. The main
(12). point in our study, however, is that the capacity limit
calculated with the static policy defines the ultimate
limit which cannot be exceeded by any policy. Well-
In this paper we have studied the problem of optimalesigned dynamic policies, where the resource sharing
inter-cell coordination (scheduling) in two-cell and threeand scheduling are state dependent, achieve this limit,
cell cellular systems, with the aim to maximize thée. are stable when the load is below the limit, without
system’s capacity, i.e. the overall load that can be carridte need to know the traffic distribution in advance.

VI. CONCLUSIONS



A topic outside the scope of the present paper is thg]
evaluation of the performance of a system operatin
below the capacity limit. The analysis of the performancéq8
under dynamic operating policies is usually much more
difficult than just finding the capacity limit. However, [9]
when the resource sharing is based on the principle of
balanced fairness, this kind of analysis is facilitated fé%ol
some systems as discussed in, e.g., [10]-[12].

In our study, we have assumed that the cell boundarié|
are fixed. We have made this choice primarily for the
sake of clarity of presentation. It is rather straightfor-
ward to let also the cell boundaries to be subject {02]
optimization, i.e. in addition to interference avoidance by
coordinated scheduling to do load balancing between the
cells. Again, the optimal boundaries can be characterized
by the property of constancy of certain feasible rate
ratios. In particular, in the central area of the three-
cell system, between the service areas served with a
single base station on, the assumed mid-plane boundaries
actually are the optimal ones.

In this paper we have considered only small systems of
two or three cells. In a real network, the number of cells
is, of course, much larger. Though a larger system can, in
principle, be analyzed using the same kind of approach,
such an analysis for a general network becomes easily
very complex when the number of base stations increases
since the number of possible transmission modes grows
exponentially. In practice, one cannot hope to get any
useful results except for regular grids where symmetry
principles can be exploited. A very nice work in this
direction has been started in [6].
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