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Abstract—In this paper, we study Call Admission
Control (CAC) in UMTS, a key mechanismto of-
fering QoS in forthcoming next generdion mobile
communicationsnetworks. We considerboth uplink
and downlink and develop CAC algorithms for the
two mostly usedrecevers: conventional matchedfil-
ter and MMSE. In addition to power constraints, our
CAC algorithm takesinto accountthe effects of mo-
bility , coverage aswell asthe wir ed capacity beyond
the B Node, in the UTRAN, for the uplink and the
maximal transmission power of the B Node for the
downlink.

I. INTRODUCTION

Universal Mobile Telecommuniation System
(UMTS) holds the promise to provide multime-
dia senices, including voice andvideo teleghory,
high-speedinternet accessand mobile computing.
UMTS is base&l on Wideband-CDMA (WCDMA),
a resairce shaing schemebasedon code-dvision
rathe thantime-dwvision in TDMA or frequengy-
division in FDMA. In sucha context, Connetion
Admissian Control (CAC) playsamajorrolein en-
suring Quality of Service(QoS).

Most commony, CAC algaithms are basedon
a pre-ceterminel numberof usersin the system
([5] and [6]). This apprachis not adeqatein a
CDMA-basedsystembecase the systan is inter-
fererce limited, and multimeda calls canhave va-
riable bit rates. Otheralgarithmsaremore CDMA-
orierted and consider the Signd-to-Interference
Ratio (SIR) asthedete@minantparametein accep

ting or not a new call; the ideabeing mainly that
eachcall shoud begranedaminimal SIR ([6], [7],
[81.[9D).

The effective bandvidth, a notion that origina-
tedin CAC algarithmsfor ATM-basedB-ISDN ba-
sed on the large deviations theory is making its
waysto the coniext of UMTS. In [10], ATM’s ef-
fective bardwidth wasdirecty appliedfor different
clasesin CDMA ; at the experse of a high com-
plexity. Several CAC algorithmshave beendevelo-
pedin UMTS. In our work, we baseour view on
the model developedin [1] andretadn the Signal-
to-Interference Ratio SIR as the major criterion
of QoS. This chace is based on the fact that the
mutual information acheved for eachuserunder
an independen Gaussia input distribution is :
1/21og(1 + SIR) bits per symbd time. Meeting
atamget SIRis hene equvalentto meetinga target
rate.We considerboth uplink anddownlink CAC.

In [1] however, only power constaintslimit the
number of uses in a cell. Other constrairts are
equdly important and shall be consderedin our
CAC decsion.Thesearemainly mobility andcove-
rageaswell aswired capaity of theUMTS Terres-
trial RadioAccessNetwork (UTRAN), beyond the
B Node.Indeed, air andwired resaircesare com-
plemenary; the former is prepndeant in large
cells, usedin rurd ervironmerts where we have
a small load factor and the sysem is coverage-
limited, while thewired capaity is moresigrificant
in urbanervironmens wheresmall cells with high



load areusedandthe sysemis capadty-li mited.

The study hasbeenachiesed for different reca-
vers. The choiceof the receiwer affects the SIR in
the sysem, becawse different recevers leadto dif-
ferert interferenceschemes

Theremaincer of this paperis orgarized asfol-
lows. In Sectionll, we focus on the CAC for the
uplink. We first study the effective bandvidth for
the ca® of the corventioral matchedfilter rece-
ver and develop a CAC algarithm basd on mo-
bility, coverageand wired capaity, in addiion to
power constrairts. The samework is then carried
out for the caseof Minimum Mean SquareError
(MMSE) recevers. The downlink is consideral in
Sectionlll. In SectionlV, we prentsomenumei-
cal examples to showthe influence of both air and
wired capaitiesonthe CAC decsion.Finally, Sec-
tion V corcludes the paper and gives perspecties
for future work.

I1. CAC ALGORITHM FOR UPLINK
A. The effective bandwidth for different receivers
A.1 Thecorventional/ matchedilter receiver

In aspreal spedrum sysem,therecevedsignal
is givenby
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where s} is the vecta of the sprealing sequence
of useri, X; is the transnitted symbol,and @ is
N(0,02I), thebadkground Gaussiamoise.Y and
5 areof lengh N. We assumethe X; areinde-
pencent and that E[X;] = 0 and E[X?] = P,
where P; is the receved power of user: . There
are K usersin the systemand N is the length of
the sprealing code
For the matchedfilter recever, the SIR is given by
theformula([1]) :
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where J is the numberof classesof usersin the
systen. o; = k; /N, k; andg; arerespetively the

numberandthe SIR of classj uses. (2) shovsthat
P;/p; is corstantand independent of the class j.
Then(2) leadsto :
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Equatio (3) canbe usdl to introducean effective

bandvidth for eachclassof usersin the caseof the
corventional recaver: e(f;) = f;.
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A.2 TheMMSE recever

The corventional recaver simply matche the
vecta Y to 31 in Eqn. (1) to obtin X;. This
would be optimal if the interferene was white,
but this interferencehasa large well known com-
ponant (3, ..., 54), and one can think to use this
well known structurein maximizing the SIR. The
MMSE recaver exploits this strudureandgivesthe
demodiator & maximizing the SIR:
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Furthercalaulationsleadto ([1]) :
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This resut is obtaned for a large sysem where
k — oo andN — co. Thequantity +I(P;, P, B1)
is the interfererce dueto use ¢ on userl. Thisin-
terferencedepenisnotonly onthepower E, of user
1, but alsoonthepower P, of userl andhis SIR 1,
whichin turnis afunction of the entire systan.

In the caseof J classesof calls Eqn.(4) leadsto
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Usingthefactthat% is congant,we obtain :
A2
P, = fio di=1,..0 (5)
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Again, we obtain a notion of the effective band
width for usersof class;j givenby e(5;) = ﬁgjﬁ—J

Let usnotethat,in this study, we assumehatthe
system is symbd syndronaus. Thisis notthecase
for the uplink which is asynchranous. The down-
link however is synchrorous but due to multipath
issues it may be consderedas asyndironaus. Ne-
verthdess, it wasshown in [12] that the effective
bandvidth and SIR expressiors are the samefor
syndironaus and asyntironaus systems for mat-
chedfilter recaver. The synchrorous caseis a li-
miting casefor the asyndronaus systemfor the
MMSE recever. herce,in all case, expressionsin
subgctiors A.1 andA.2 hold.

B. Effect of the mobility and coverage

Let conster P, ;,,4, the maximalpower allowed
for aclass: useratthe basestation :

P < Iji,mazai =1, J (6)
Then(3) and(5) leadto
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However, it' swiseto noticethatthepowerreceived
by the antemais differentfrom the power emitted
P, = PL;P;, PL; is the pathlossratio given by

[2] [3] PL; = r*1015 A2, r is the distarce from
thebasestatonandé; arandam variable dueto sha-
dowing (a zero meanlog-normal randan varialde
with standard deviation of 6-8 dB in a simuldion
context). A is thefadingrandan variadde, whichis
Rayleigh-digributed.

The real limitation is in the maximal power
that can be emitted by the mobile B, ¢ ;,44. SO,
Pz = P’;f” whereP; ,,,q, is thencalculated
ateachnew arrival, andrepatedin Eqgn.(7), which
becanes:
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Let us discuss this equaton. Let f(j,1)

% Eachelementof the set

correspond;to auserin the systen. The condtion
Y7 aie(B) < f(5,1) insures, if verified, thatthe
call of use (4,7) will not bedroppedif a new call
is acceped. Conditon (8) correspomls thento a
zerodroppang CAC, but with the price of a pos-
sibly large blocking ratefor new calls. This policy
is, in genaal, preferablebecase prematuretermi-
nation of conrectedcalls is moreundesiralde than
rejedion of anew call request.

C. Effect of the UTRAN's wired capacity

While studying the network capaity, we can-
not neglect the fact that the wired bardwidth is
not infinite, and that this resairce must be cons-
deredwhen a CAC decison is taken. Curves are
usudly dravn to representtherelaionshp betwee
the noise rise and the throughput [4]. The noise
rise is definedas the ratio of the totd received
wideband power to the noise power : noise rise
A\ = Ligsa/0? = f(D) whereD is the throughpu
andf is acorntinuous, strictly increasingfunction.

The condtion on the throughputis D < Dyaz,
where D,,,, is the wired capaity. Then A <

)\maz = f(Dmaz)
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Then,using Egns.(3) and(5) we obtain
w
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whereW = \naz02 — o2. And the CAC equation,
basel onbothair aswell aswired capadty, in terms
of the effective bandwidh e; of classj users is
thenfound from Eqgns.(8) and(10).

II. CAC ALGORITHM FOR DOWNLINK

In the downlink, the problem is different. For
user:, the signal emitted by the basestation arrives



with the pathloss PL;, commonto all users’si-
gnak. As thedesgn of mobile statian is limited by
size and cost, multiuse detecion is very difficult
andorthogond codesareusedto eliminatetheMul-
tiple Accesslnterfererce (MAI). Thelatter is then
caugdentirely by the multipath propayationchan
nel which redu@sthe orthogondity. MMSE equa-
lization can then be usedto restae the orthogo-
nality distorted by the multipath propagatia. Ho-
wever, this doesnot affect our CAC algarithm; in
fact,thisis achip equdization aimingto restoe the
spreal signd Y definedin Eqgn. (1) anddistorted
by multipath propagatian [11]. As ourwork focuses
onextrading thesignaIX} fromthesumY , weare
notinterestedin this equdization andcanapgy our
matchd filter recever at the output of the equal-
zer.

To obtan the SIR equaion, one musttake into
accaunt the orthogorality fadtor e € [0,1] that
creaes the MAI in the downlink. This facta is
equd to 1 in a perfedly orthogona corntext and
tendsto 0 in acomplet multipath chamel. Thein-
terferenceat mobile j is thenequvalentto thatge-
nerakd at the input of the matche filter by uses
having powers (1 — ¢)PY) - PY) being the power
receivedat mobile 5 for useri. Theequaion of the
SIRis thengivenby
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If Pz.(B) is the signd emittedby the basestation (B
Node)for useri, we have,atmobile j
H(B) _ PLjPi(j)

andEqgn.(11) becames:

The downlink is limited by the maximum power
Wp thatcoud be emittedby thebas statian, i.e.,

K
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Eqgns. (12) and (13) lead to the following CAC
equdion for thedownlink :

K
‘ ‘ (1-¢e)Wp
;ﬁz(PLZ " No?

Wg

<=2 a9

This equdion introduces in the CAC decikion both
the effects of coverage (includedin the pathlosses
PL;) andcapadiy (in termsof W, the maximum
transmissionpower of the B Node).

IV. NUMERICAL APPLICATION

A. CAC algorithm function of air and wired re-
sources

Let us illustrate the influenae of both air re-
sources and wired oneson the CAC decison in
UMTS. Without loss of geneality, we consder
the caseof corventional receiers, at the uplink.
We suppsefor instancethat we have one classof
users andthatthe numbe of usesis K.

A.1 Effectof the mobility andcoverage

In the caseof perfect power cortrol, all usesare
received by the basestation with power P. As in
[1], we suppsethat all usersrequre a SIR of 10
dB, andthat £mgz = 20dB. In this cas, Eqn (7)
for power-only CAC yields1 — ﬂ%? =0.9.

We condder user i, at say 70 meters dis-
tance from the base station, with a shadowing
& = 0. If the emitted power is limited to
P, e.maz = 0,125 W, andthe noise power is g2 =
—100.2 dBm (see[4]), then,Eqgn.(8) for the CAC
yields 1 — £2°PLi — 0.804. This tells usthat CAC
threshold is deteminedhereby the mobility cond-
tions (expresedby the pathloss) and not by the
power constaint on the bas statim.



A.2 Effectof thewired capadty
In caseall usersarerecaved by the base statin
with power P, the CAC equationbecanes:

/80-2 Amam_l
P Moaw — 14+ N

KB < min[l — ]
And asbefore thefirst comporentof this equdion
isthepower-constainedCAC andyieldsl—% =
0.9.

Usingthe equatonscitedin [4] page 161:
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wherenyr is the uplink load fador definad by :
nur = 1 — 3, Cis thechip rate (3.84 Mcps), R,
is the bit rate of userj and; his actvity facta
(0.67for speeh, assumig 50% voice actiity and
DPC overheal during DTX).

For a despead bit energyto interferenceden-
sity ratio E,/Ny = 5.0dB anda bit rate R =
12.2 Kbps, thenoiserise \ is equa to —;steesze -

Regardingthe maximumnoiserise allowed, for
amaximumthroughpu of 1.8 Mbps correspording
to 148 voice users \,q.: = 88 and for N=64,
the fixed capacity compaentof the CAC decsion
gives y2maslo = 0.576.

We can notethat in sucha case the wired ca-
pacity behird the basestation is the limiting facta
andmustthusbe constderedin the CAC algorithm.

V. CONCLUSION

In this article, we studied a CAC algorithm for
UMTS, basedon a notion of effective bandwidh.
Formulashas beenobtaired for two kinds of re-
ceivers: the matchel filter receiver andthe MMSE
receiver. Theseequationsintroducetheeffect of the
mobility and coverage, prepaderant in large cells
usedin rurd ervironments,andtheeffect of thewi-
red capaity, which is important in small, highly
loaded cells usedin urban ervironmens . Down-
link CAC is alsostudied, introducing the effect of
themaximaltransmissiorpower of thebase station.

In the future, we shal consder measuement-
basel CAC, a usefd way to assgn priorities bet-
weendifferent classs of uses aswell asbetwea
nev andhanaff calls.
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