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Abstract—Future mobile radio networks are expected to wit- approaches that allocate bandwidth either based on signal

ness an increase in capacity demand. Since the spectrum =dt quality measurements or based on user densities have been
for mobile radio application is scarce, the spectrum efficiacy proposed [4-6]

of future mobile radio networks has to be increased in order . . . .
to be able to meet the capacity demand. In networks applying This paper introduces an approach that adjusts the albocati

adaptive modulation and coding, both, transmit power and Of transmit power to the cells in order to adapt a network ap-
bandwidth can be considered as resources. In order to achiev plying adaptive transmission techniques to changing dgpac

high spectrum efficiency, the adaptation of the allocation b demands. The cell borders are fixed and the allocated cell
transmit power and bandwidth to the time-varying capacity panqwidth is kept constant. The transmit power, however, is

demand is an important topic. In this paper, an approach that . . . . .
adjusts the allocation of transmit power to the cells in orde to ~ 2diusted such that cells experiencing higher capacity delma

adapt the network to changing capacity demands is proposed. are allocated more transmit power than cells experiencing
A mathematical model that relates transmit power and the lower capacity demands. This approach decreases the signal

probability of outage in the cells is presented and used in an tg interference and noise ratio (SINR) in areas of the networ
approach for the minimsation of the outage probability in the \yhare Jittle capacity is demanded and increases the SINR in

cells using convex optimisation techniques. The performare of . - - . .
the presented approach is evaluated and its suitability forthe areas with high capacity demand. The spectrum efficiendies o

adaptation of the network to capacity hotspots is shown. Due the cells and also the capacities provided by the cells aas th
to the use of a mathematical model and convex optimisation be adjusted according to the capacity demand.

techniques, the presented approach is suited for self-orgasing For this purpose, an analytic model of the relation of
optimisation. transmit power and outage probability in the cells is detive
|. INTRODUCTION The model is then used in a convex optimisation problem for
the allocation of transmit power to the cells. Since a matitem
4% model and convex optimisation techniques are used, the
Yesented approach is suited for self-organising optitioisa

Future mobile radio networks are expected to witness
increase in capacity demand as mobile radio technolo

evolves and new services are introduced. Since the spectiym, . self-organising radio resource management (RRM) fo
available for mobile radio application is limited, a keyuss example

in meeting these increased capacity demands is the increaSJ?he paper is organised as follows. The system model is

of the spectrum efficiency of future mobile radio networks. presented in Section Il. Section Il introduces an analytic

Additionally, the environment of a cellular mobile rad'oapproach to model the relation of transmit power and outage

network is changing due to the mobility of the users. Thﬁrobability in the cells, which is used in Section IV to

gapacny demands made on the cells therefore Vary 9¥btmulate a convex optimisation problem for the allocatadn
time and space. In order to increase the spectrum efﬁmequ

) ) . - ; nsmit power to the cells of a cellular mobile radio networ
while assuring reliable and efficient operation of the nekwo Section V analyses the performance of the proposed approach
the as_S|gnment of resources to the cells has_ to be adapérlf:I Section VI concludes the paper.
dynamically and according to the actual capacity demand.

In cellular mobile radio networks applying adaptive modu- Il. SYSTEM MODEL
lation and coding, the resources transmit power and bartbwid The gownlink of a cellular mobile radio network Wit

are both parameters suited to adjust the capacity of a @l. S5 of radiusR is considered. The system bandwidBg

eral approaches concerning the adjustment of the bandwi%trhivided intor; equal parts of bandwidth== , with ¢ the
equency reuse factor. The bandwidth parfts are allocated t

allocation in order to adapt the network to changing capaci
e cells such that all cells that are located at a distance of

demands exist. Earlier works, mainly for circuit switche
networks, propose the borrowing of channels based on rulgs_ /377 - R use the same part of the bandwidth [7, 8]
Each celli, i = 1... N¢, provides service td<; users. The

[1] or using different heuristic approaches, such as nengtl
WO.I‘kS or genetic algorithms [2, 3]._Concernin_g modern p‘,aCkSistribution of the K; users over the area of cellfollows
switched networks applying adaptive transmission teakasg the probability density function (pdf;bﬁ(ciza (r, ) of the user

This work was partly funded by Deutsche Telekom AG and is pathe position W'th r the distance and? the angle relative to the
corporate project SORAN (self-optimising radio accessvoeis) base station (BS) of cell



The signal to interference and noise ratio (SINR) of user Remembering that the users are distributed over the area

k=1...K; of celliis given by of the cell according t(pifza (r,¢), the pdfp,,, ., (apLik)
P of the path loss experienced by a user can be determined
Yik = m (1) from p{, (r,¢) by using (3) in a random variable (RV)

transformation [12]. Since path loss and shadow fading ean b
with Py ; the transmit power of the BS of cell a;x the considered independent, the paf , (a;x) of the total atten-
attenuation between the BS of celand userk of cell i and  yation is given by the convolution of the pof,., .. (apL.ik)

Py the receiver noise power. Inter-cell interference is in (If the path loss and the pgf, . (as,) of the shadow fading
represented by ternir; which is given by the expectation[12]. Using now (1) and (5) in a RV transformation, the pdf
value of the inter-cell interference over the cell area adioy ), (Buser.i.x) Of the bandwidth required by a user that

to R 2n follows the position probability)gf)g, (r, ) is determined.
Px, i Assuming uniform position probability of the users over
= // iy pl(c,za (r, ) ddr, 2 h gu (i) P p y
- e cell area, i.epr, (r,¢) = —f=, where0 < r < R and
00 i 0 < ¢ < 2m, the pdf of the path losgpr,,; . can be determined
; to yield
Whereagz) (r,p) is the attenuation between location ) in y
cell : and BSj. o In(0) | wmoo
R . Papr ik (aPL,Lk) - z ¢
Since the change of the capacity demand on the cells can 5aR2af
be assumed to be significantly slower than the change of the

mobile radio channel, fast fading can be neglected and tﬁ
attenuatioru; ,, can be divided into a termpr, ; ;, due to path

user,i,k

ME

oL
Il

aPL,i,k’ (6)

5d the pdf of the total attenuatian ; results to

2
_ 111(10)2 ~6E+clai’k~

loss and a termug, due to shadow fading. The path loss in Pai (0ik) 10aR?a’
dB is given according to [9] by orf ((Gt2e2(aik—apLmin.s) (7
. 2/e
. — 2 2 2 _ (&1 +202(ai,k_aPL,max,i)
apL,ik = ao + 10logyq ((Tz,k + ARG ) ) ®3) erf ( 2/c2 )]
with ao the attenuation at 1 meter of the antenng, the ity e = lné:;O), ey = 20_21 and app min; and app, max.;

distance between the BS of ceéland userk of cell 3, Ah; ;.
the difference in the heights of the antennas of the BS ofzceli
and terminak of cell ¢ anda the propagation coefficient. The

shadow fading has zero mean and is log-normal distribut

i.e. the shadow fading in dB has the pdf [8]

he smallest and largest pathloss of the ¢ah dB, respec-

ively. The pdfpp,... , ., (Buser,i,r) Of the bandwidthB s, i,k
quwed by a single user to transmit at its data rate remére
bit,i,k results to

) Rb]t Jisk (:2 il iere
_ %h Ry, 1n(2)2 user,i,k .e4
Pagy (ash) = ! € 272 (4) PBuser ik (Buscr,i,k) =T Rb" Lk
/27 aR? (2 Pwerik 1) B2,

with o2 the variance of the fading process. ) {erf c1+2c2(zfapL,mm,i))

Each user has a certain bit rate requirem@pt ,; .. Adap- o (ifl—? )
tive transmission is applied and the bandwidth required to —erf ( S e )]
provide the required bit rate to a user is according to [10, ) (8)
11] given b . Sbitik -

e y with z = 101log;, (Fi (2 Buser il — 1) ) where the power

Buser,i,k = Rbit ik |1 1 4 ! . 5 .
ik = Rbit,ik [0gs (1+7ik)] ®) o .,

The bandwidth required to provide service to a user thus [ = — 2 9)
depends on the SINR at the receiver. Pri+ Py

is used. Fig. 1 shows for both, the pdf of the path loss and

the pdf of the total attenuation considering shadow fading,
In this section, a model to express the relation between tthe result of the analytic model in comparison to numerical

transmit power of a cell, the cell bandwidth and the probigbil simulation results. Fig. 2 shows analytically and numdiyica

that outage occurs in the cell, called cell outage prolgbiliobtained results for the pdf of the bandwidth required by a

is derived. At first, the bandwidth required by a single ussaingle user and for both scenarios of Fig. 1.

that follows the position probability functlomw (r,p) is For the further derivation of the model, the approach of

determined. Then, the pdf of the bandwidth required by ttj&3] is pursued. It is pointed out that the bandwid®.y ;

cell to provide service to all its users is derived. Finathg required by celli is given by the sum of the bandwidths

cell outage probability is defined and it is pointed out howequired by the users according By ; = ZkK;'l Buser,i k-

the model is used to relate transmit power to cell outagessuming independent users, the central limit theorem ean b

probability. applied to determine the pdf of the bandwidth required by the

II. CELL OUTAGE PROBABILITY MODEL
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Fig. 1. Comparison of the pdfs of path loss and total attéomatonsidering Fig- 2. Comparison of the pdfs of the bandwidth required bingls user in

shadow fading in a 3GPP urban macro cell scenario for unifposition & 3GPP urban macro cell scenario for uniform position priiyatover the

probability over the cell areaR = 250 m, ap = 34.5 dB, a = 3.5. ﬁg!'t/area-R =250m, a0 = 34.5dB, o = 3.5, T' = 120 dB, Ry;; = 100
it/s.

cell. The pdf of the required cell bandwidiB..; ; is, thus,

Gaussian distributed and its cumulative distribution fiorc allocation of transmit power to the cells of a cellular mebil

(cdf) is given by® Beeni—peen.i(Ci) | \vith () the cdf of radio network is derived. It is assumed that for each ced, th

a Normal distributed rc'zlcr'1c(et1“()lr(r1F \)/arlable with zero mean and relation between cell outage probability and transmit powe
s modeled by (10). Note thatc. ; (I';) and Ueelu (T';) can

variance of one [12]. Meapceu,; () and variancerg,, ; (I';) be different for each cell, depending on the number of active
of the required cell bandwidti,..;; ; are given by the sums o 2. (1)
X ers and the user position probablhﬁ% (r,p) of the cell.

f th d vari f the bandwidth ired by t . . :
of ne means and varnances o' the bandwidins required by nstead of directly allocating transmit powef%, ; to the

active users of cell, respectively, and are therefore accordingeIIS the allocation of the ratio between transmit powed an

to (8) functions ofT';. . .
As a consequence, the probability that the required c8yerage interference plus noise power, as expressed by the
power ratio I'; of (9), is pursued. This allows a convex

bandwidthB,., ; is larger than a certain bandwidthis given ) A
by ’ formulation of the optimisation problem. The power ratlgs
B r are then used to determine the transmit pows; of the
P (Beeni > B,Ti) =1- (—_ Heall { Z)) ; (10) cells. ) ) .
oeeli (') For this purpose, a matrix representation of the network
which gives the probability that not all users of celtan be that models the dependence of the power rafipsand the
served with their required bit raty; ; x if cell i is allocated fransmit powersP:, ; is derived. Resolving (9) fof,.; and
a bandwidth ofB and a power ratio of ;. As a consequence, substituting (2), the linear system of equations
outage will occur among some or all of the users of cell

with probability p (Been; > B,T;), which is therefore called P = diag (T) - (G - Pux + Py) (11)
cell outage probabilityceni (B,17). is formulated, withPtX = [Px1, .- Pano]’, T =
Note that (10) relates cell bandwidth, transmit power qf, , T'we]™, diag(T') a Ne x Nc matrix with the

power ratiol';, respectively, and cell outage probability. In thelements of vectol on the diagonal and zeros elsewhere,
further discussion, the cell bandwidth is according to Bect G a N x N matrix with elements

Il set to a constant value, such that (10) provides inforomati

on the cell outage probability in dependence of the transmit 9%2 if I=m
power or power ratio, respectively. Gim = f f pr (r, ) dipdr  else 12)
In [13], it is shown that the approximation of the pdf of (”( i

the required cell bandwidth by a Normal distribution is dali
even for small number of users. Note, however, that the p
PBuser.ii (Buser,i,k) Of the bandwidth required by the single
users have to be comparable, without one or few dominating Py = (I—diag(I') - G) ™' - diag(T") - Px,  (13)
the others [12, 13].

nd Py a vector of sizeNg containing the receiver noise
Bwer. Resolving (11) foPy, yields

with T the N¢ x N¢ unity matrix with ones on its diagonal
IV. CONVEX TRANSMIT POWER ALLOCATION and zeros elsewhere. Equation (13) can be used to calchtate t
In this section, a convex optimisation problem that mirtransmit powers? ; from the power ratio$’;. Note, however,
imises the largest cell outage probability by adapting thhat (13) always has a solution, but only positive solutibage
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. . . . . TABLE |
physical meaning. According to [14], the solution of (13) is COMMON PERFORMANCE ANALYSIS PARAMETERS

always positive if

Cell radiusR 250 m
p(diag (x(T)) - G) < 1 (14) Height of the BSs/users 32 m/1.5 m
) T User distribution over cell area uniform
holds, withx (') = [z1(T'1) , ... , zn.(Tne)] s @i(T;) an Carrier frequency 1.9 GHz
arbitrary function ofI'; and the spectral radiug (M) = Propagation modeko, o 3GPP Urban Macro, 34.5 dB, 3.5
. . Shadow fading varlanca2h 8 dB
maxy, {|A, (M)}, where), (M) are the eigenvalues of matrix | grequency reuse factor 3
M. If (14) is met, the result of (13) is positive and the | System bandwidttBsys 10 MHz
allocation of the power ratioE; is called a feasible allocation. | User data rateRy; i x 100 xbit
Using above matrix representation of the network, thel Cell bandwidth 3.33 MHz
AT Noise powerPy -102 dBm
optimisation problem
min max {pccll,i ( Ty an)} .
L i (15) For performance analysis of the proposed approach, two
st p(diag (x(I)) - G) <1 different urban scenarios with high data rate requirements

is formulated. This optimisation problem allocates poweer rare used. The common performance analysis parameters are
tios T'; to the cells such that the largest cell outage probabilispmmarised in Table I.
is minimised while only feasible power ratio allocationgar The first scenario is a symmetric scenario wNy = 13 -7¢
taken into account, according to the side condition. After t cells. The considered subnetwork therefore has Bize= 13
optimum power ratio allocation is found, the transmit posverand consists of the cells of one group, cf. Fig. 3. A wrap-
Pi; are determined using (13).

In order to solve (15) using convex optimisation techniques
objective function and constraint have to be convex [15].
According to [14], (14) is convex if the elemenis(T;) of @

vectorx (T') are log-convex functions. This is not fulfilled in %
the constraint of (15), since; = I'; holds in (15). For this Dhs
reason, the modified power ratio vector

Fig. 3. Performance analysis scenario.

L=[nT), ..., nTy.)]" (16)

is defined. Substituting for I in (14) leads tar; = e which

is a log-convex function. Using the modified power ralfig

the constraint of the optimisation problem is thus convex.
Concerning the objective function, convexity can be

achieved by introducing the utility function around technique [7] that wraps the scenario on a torus is

w (1;) = o [1— ( Bsys oFi (17) applied such that for each cell, two tiers of interferers are
) 8 Peell,i ’ ’ considered. One cell supports a variable numBgr of users,

which can be shown empirically to be convex. The optimF—he remaining cells support a constant numbgr of users,

sation problem of (15) can now be expressed in the convey shown in Fig. 3. A hotspot is thus created by adjusting the
numberN, of users of the centre cell.

formulation ) o ' .
. Fig. 4 shows the cell outage probability of the first scenario
min max {Ui (Fl) } as a function of the numbé¥,,; of users in the hotspot cell and
I g 3 (18) . . .
) P for different values ofV,. The figure shows that up to a certain
s.toop (dlag (e ) 'G) <l strength of the hotspot, the proposed approach is capable of

Note that the optimisation problems of (15) and its convedlocating the transmit power to the cells according to the
formulation of (18) lead to a balancing of the cell Outagglfferent demand distributions such that low cell outage-pr

probabilitiespc.n,; of all cells. bability is achieved. The proposed approach is thus capble
concentrating the capacity of a cellular mobile radio nekwvo
V. PERFORMANCERESULTS at a hotspot. The point where the cell outage probabilithef t

According to the system model of Section I, the cells of thiirst scenario increases significantly depends on the nut¥iper
network are divided into; different groups with orthogonal of users in the cells surrounding the hotspot and the number
bandwidth allocations. Within each group, all cells use th&}s of users in the hotspot. Note that for constant cell outage
same part of the system bandwidth. As a consequence, themrebability, the capacity of the whole network decreasekef
exists no mutual influence between cells of different grougsrength of the hotspot increases.
and in order to gain performance results, it is sufficient to In the second scenario, several hotspots are considered. To
consider a subnetwork that consists of the cells of a singjeantify the density of the hotspots, the hotspot reusefact
group. s, Which is defined similar to the frequency reuse factor
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Fig. 4. Cell outage probability of the first scenario in depemce of the Fig. 5. Cell outage probability of the second scenario inetielence of the
number Ny, of users in the hotspot cell and for different user densifigs  numberNy¢ of users in the hotspot cell and for differents. No = 40.

applicable for self-organising optimisation, such a¥-se

r¢, IS introduced. The smallest distance between two hotsp&ﬁs . :
is given by Dy = /3. - R and the size of the network Organising radio resource management (RRM) for example,
which is of great interest for the operation of future celtul

required to achieve two tiers of interfering hotspots isegiv X ,
by Ne = 13- ri,.. Again, a subnetwork of sizé&/ = 13- L= mobile radio networks.
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