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Abstract—In this paper, we study Call Admission
Control (CAC) in UMTS, a key mechanism to of-
fering QoS in forthcoming next generation mobile
communicationsnetworks. We considerboth uplink
and downlink and develop CAC algorithms for the
two mostly usedreceivers : 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 Telecommunication System
(UMTS) holds the promise to provide multime-
dia services,including voice andvideo telephony,
high-speedInternet accessandmobile computing.
UMTS is based on Wideband-CDMA(WCDMA),
a resourcesharing schemebasedon code-division
rather than time-division in TDMA or frequency-
division in FDMA. In sucha context, Connection
Admission Control(CAC) playsamajorrole in en-
suring Quality of Service(QoS).

Most commonly, CAC algorithms arebasedon
a pre-determined numberof usersin the system
([5] and [6]). This approach is not adequate in a
CDMA-basedsystembecausethe system is inter-
ference limited, andmultimedia calls canhave va-
riable bit rates.OtheralgorithmsaremoreCDMA-
oriented and consider the Signal-to-Interference
Ratio(SIR) asthedeterminantparameter in accep-

ting or not a new call ; the ideabeing mainly that
eachcall should begrantedaminimalSIR([6], [7],
[8],[9]).

The effective bandwidth, a notion that origina-
tedin CAC algorithmsfor ATM-basedB-ISDN ba-
sed on the large deviations theory, is making its
waysto the context of UMTS. In [10], ATM’s ef-
fectivebandwidthwasdirectly appliedfor different
classes in CDMA ; at the expenseof a high com-
plexity. SeveralCAC algorithmshavebeendevelo-
ped in UMTS. In our work, we baseour view on
the model developedin [1] and retain the Signal-
to-Interference Ratio SIR as the major criterion
of QoS.This choice is based on the fact that the
mutual information achieved for eachuserunder
an independent Gaussian input distribution is :�������
	���������������

bits per symbol time. Meeting
a target SIR is hence equivalentto meetinga target
rate.Weconsiderbothuplink anddownlink CAC.

In [1] however, only power constraintslimit the
number of users in a cell. Other constraints are
equally important and shall be considered in our
CACdecision.Thesearemainly mobility andcove-
rageaswell aswiredcapacity of theUMTS Terres-
trial RadioAccessNetwork (UTRAN), beyond the
B Node.Indeed,air andwired resourcesarecom-
plementary; the former is preponderant in large
cells, usedin rural environments where we have
a small load factor and the system is coverage-
limited, while thewiredcapacity is moresignificant
in urbanenvironments wheresmallcellswith high



2

loadareusedandthesystemis capacity-li mited.
Thestudy hasbeenachieved for different recei-

vers.The choiceof the receiver affects the SIR in
the system,becausedifferent receivers leadto dif-
ferent interferenceschemes.

The remainder of this paperis organized asfol-
lows. In SectionII, we focus on the CAC for the
uplink. We first study the effective bandwidth for
the case of the conventional matchedfilter recei-
ver and develop a CAC algorithm based on mo-
bilit y, coverageandwired capacity, in addition to
power constraints. The samework is then carried
out for the caseof Minimum Mean SquareError
(MMSE) receivers. The downlink is considered in
SectionIII. In SectionIV, wepresentsomenumeri-
cal examples to showthe influenceof both air and
wiredcapacitiesontheCAC decision.Finally, Sec-
tion V concludes the paper andgivesperspectives
for futurework.

I I . CAC ALGORITHM FOR UPL INK

A. The effective bandwidth for different receivers

A.1 Theconventional / matchedfilter receiver

In a spread spectrum system,thereceivedsignal
is givenby

�� ����� ! "$#&%
! �� ' ! � �� (

(1)

where
�� ' !

is the vector of the spreading sequence
of user ) , %

!
is the transmitted symbol,and

�� (
is* ,+.-0/�12�&�

, thebackground Gaussiannoise.
�� �

and�� ' !
are of length

*
. We assumethe %

!
are inde-

pendent and that 354 %
!76 � +

and 354 % 1
! 6 �98 !

,
where

8 !
is the received power of user ) . There

are : usersin the systemand
*

is the length of
thespreading code.
For thematchedfilter receiver, theSIR is givenby
theformula([1]) :; ! � 8 !

/ 1 � #<>=@?A "$#CB A 8 A (2)

where D is the numberof classesof usersin the
system. B A �FE A � * ,

E A and
; A arerespectively the

numberandtheSIRof classG users.(2) shows that8 A � ; A is constantand independent of the class j.
Then(2) leads to :8 A � ; A / 1� � = ?! "$#HB ! ; ! (3)

Equation (3) canbe used to introducean effective
bandwidth for eachclassof usersin thecaseof the
conventional receiver : I  ; A � � ; A .
A.2 TheMMSE receiver

The conventional receiver simply matches the
vector

�� �
to

�� ' # in Eqn. (1) to obtain % # . This
would be optimal if the interference was white,
but this interferencehasa large well known com-
ponent

 �� ' 1 -KJ
J
J
- �� 'ML � , and one can think to usethis
well known structure in maximizing the SIR. The
MMSEreceiverexploits thisstructureandgivesthe
demodulator

�� N # maximizing theSIR :

; # �  �� N #�O �� ' # �P1 8 # �� N #MO �� N # �P/ 1 � = L! " 1  �� N #MO �� ' ! � 1 8 !
Furthercalculationsleadto ([1]) :; # � 8 #/ 1 � #<Q= L! " 1 �H 8 ! - 8 # - ; # � (4)

where �R 8 ! - 8 # - ; # � � 8 ! 8 #8 # � 8 ! ; #
This result is obtained for a large system whereE �TS and

* �TS . Thequantity
#< �H 8 ! - 8 # - ; # �

is the interferencedueto user ) on user1. This in-
terferencedependsnotonly onthepower

8 !
of user) , but alsoonthepower

8 # of user1 andhisSIR
; # ,

which in turn is a function of theentire system.
In thecaseof D classesof calls, Eqn.(4) leads to; ! � 8 !

/ 1 � = L! " 1 B A �R 8 A - 8 ! - ; ! � - )
� ��-KJ
J
J
- D

Usingthefactthat UWVX V is constant,weobtain :

8 ! � ; ! / 1� � =@?A "$#CB A UWV#ZY UWV
- ) � ��-KJ
J
J
- D (5)
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Again, we obtain a notion of the effective band-
width for usersof classG givenby I  ; A � � UWV#ZY UWV .

Let usnote that,in thisstudy, weassumethatthe
system is symbol synchronous.This is not thecase
for the uplink which is asynchronous.The down-
link however is synchronousbut due to multipath
issues it may be consideredasasynchronous. Ne-
vertheless,it was shown in [12] that the effective
bandwidth and SIR expressions are the samefor
synchronous and asynchronous systems for mat-
chedfilter receiver. The synchronous caseis a li-
miting casefor the asynchronous systemfor the
MMSE receiver. hence,in all cases,expressionsin
subsections A.1 andA.2 hold.

B. Effect of the mobility and coverage

Let consider
8 ! [ \^]0_ themaximalpower allowed

for a class) userat thebasestation :8 !a` 8 ! [ \^]0_ - ) � ��- D (6)

Then(3) and(5) leadto

? A "$# B A I  ; A �
`cb )ed #gf ! f ? 4 � � ; ! / 18 ! [ \h]0_

6
(7)

However, it’swiseto noticethatthepowerreceived
by the antenna is different from thepower emitted8 ! [ i �j8�k ! 8 !

,
8lk !

is the pathlossratio given by

[2] [3]
8�k ! �nm�o �K+qp,rsut�vlw 1 , m is the distance from

thebasestationand x ! arandomvariabledueto sha-
dowing (a zeromeanlog-normal random variable
with standard deviation of 6-8 dB in a simulation
context). v is thefadingrandom variable, which is
Rayleigh-distributed.

The real limitation is in the maximal power
that can be emitted by the mobile

8 ! [ i0[ \^]0_ . So,8 ! [ \^]0_ � X r
y zZy {R|g}X�~ r where
8 ! [ \^]0_ is thencalculated

ateachnew arrival, andreportedin Eqn.(7), which
becomes:

? ! "$# B
! I  ; ! � ` ���u�

#gf A f ? 
�����
#gfC�
f � A 4 � �

; A / 1 8�k �8 A [ iW[ \h]W_
6 �

(8)

Let us discuss this equation. Let �  G -0�e� � � �iW� UWVW�u�M� X�~&�X V y zZy {R|g} . Eachelementof theset� �F� �  G -0�e��- G � ��J
J D -0� � ��J
J : A��
corresponds to a userin the system. Thecondition= ?! "$#CB ! I  ; ! � ` �  G -0�e� insures,if verified, thatthe
call of user

 G -0��� will not be droppedif a new call
is accepted. Condition (8) corresponds then to a
zero-dropping CAC, but with the price of a pos-
sibly large blocking ratefor new calls.This policy
is, in general, preferablebecauseprematuretermi-
nation of connectedcalls is moreundesirable than
rejection of a new call request.

C. Effect of the UTRAN’s wired capacity

While studying the network capacity, we can-
not neglect the fact that the wired bandwidth is
not infinite, and that this resource must be consi-
deredwhen a CAC decision is taken. Curves are
usually drawn to representtherelationship between
the noise rise and the throughput [4]. The noise
rise is defined as the ratio of the total received
wideband power to the noise power : noise rise� � � O��PO ] � ��/ 1 � � ,��� where

�
is the throughput

andf is a continuous,strictly increasingfunction.
Thecondition on the throughput is

� ` � \^]0_ ,
where

� \h]W_ is the wired capacity. Then
� `

� \h]0_ � � ,� \h]0_ � .� O��PO ] �/ 1 � = <! "$# 8 ! �Q/ 1/ 1
` � \h]0_ (9)

Then,using Eqns.(3) and(5) weobtain

? A "$# B A  ; A � �* / 1 I  ; A �g�
` �* / 1 (10)

where � � � \^]0_ / 1 � / 1 . And theCAC equation,
based onbothair aswell aswiredcapacity, in terms
of the effective bandwidth I A of class G users, is
thenfound from Eqns.(8) and(10).

I I I . CAC ALGORITHM FOR DOWNLINK

In the downlink, the problem is different. For
user) , thesignal emitted by thebasestationarrives
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with the path loss
8�k !

, commonto all users’si-
gnals.As thedesign of mobilestation is limited by
size and cost,multiuser detection is very difficult
andorthogonal codesareusedto eliminatetheMul-
tiple AccessInterference(MAI). The latter is then
causedentirely by themultipath propagationchan-
nel which reducestheorthogonality. MMSE equa-
lization can then be usedto restore the orthogo-
nality distorted by the multipath propagation. Ho-
wever, this doesnot affect our CAC algorithm; in
fact,this is achip equalization aimingto restorethe
spread signal

�� �
definedin Eqn. (1) anddistorted

by multipath propagation [11]. As ourwork focuses
onextracting thesignal

�� % from thesum
�� �

, weare
not interestedin thisequalization andcanapply our
matched filter receiver at the output of the equali-
zer.

To obtain the SIR equation, onemust take into
account the orthogonality factor ����4 +.-2� 6 that
creates the MAI in the downlink. This factor is
equal to 1 in a perfectly orthogonal context and
tends to 0 in a complete multipath channel.Thein-
terferenceat mobile G is thenequivalentto thatge-
nerated at the input of the matched filter by users
having powers

�� � � � 8 � A �! -
8 � A �! being thepower

receivedat mobile G for user ) . Theequation of the
SIR is thengivenby

; A � 8 � A �A/ 1 � # wC�< = �! "$# 8 � A �! (11)

If
8 �
� �!

is thesignal emittedby thebasestation (B
Node)for user ) , wehave,at mobile G8 ��� �! ��8lk A 8 � A �!
andEqn.(11) becomes:

; A � 8 �
� �A/ 1 8lk A � # wC�<T= �! "$# 8 �
� �! - G � ��- :
This leads to� ! "$#

8 �
� �! � / 1 = �A "$# ; A 8�k A� � # wC�< = �A "$# ; A (12)

The downlink is limited by the maximumpower� � thatcould beemittedby thebase station, i.e.,

� ! "$#
8 ��� �! ` � � (13)

Eqns. (12) and (13) lead to the foll owing CAC
equation for thedownlink :

� ! "$# ;
!  8lk ! � �� � � � � �* / 1 � ` � �/ 1 (14)

This equation introduces in theCAC decisionboth
theeffects of coverage (includedin thepathlosses8lk !

) andcapacity (in termsof � � , themaximum
transmissionpower of theB Node).

IV. NUMERICAL APPLICATION

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

Let us illustrate the influence of both air re-
sources and wired oneson the CAC decision in
UMTS. Without loss of generality, we consider
the caseof conventional receivers, at the uplink.
We supposefor instancethat we have oneclassof
users, andthatthenumber of users is : .

A.1 Effect of themobility andcoverage

In thecaseof perfect powercontrol, all usersare
received by the basestation with power

8
. As in

[1], we supposethat all usersrequire a SIR of 10
dB, andthat

X {H|g}� �
� ��+a� �

. In this case, Eqn (7)

for power-only CAC yields
� � U�� �X � +.J¢¡

.
We consider user ) , at say 70 meters dis-

tance from the base station, with a shadowingx ! � +
. If the emitted power is limited to8 ! [ iW[ \h]W_ � +.-2�2��£ � , andthenoise power is

/.1 �� �K+�+.J¢����� b (see[4]), then,Eqn.(8) for theCAC
yields

� � U�� � X�~ rX r
y zZy {R|�} � +.J¢¤�+�¥
. This tells usthatCAC

threshold is determinedhereby themobility condi-
tions (expressedby the path loss), andnot by the
power constraint on thebase station.
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A.2 Effect of thewired capacity

In caseall usersarereceivedby thebase station
with power

8
, theCAC equationbecomes:

: ; `¦����� 4 � � ; / 18 - � \h]0_ � �� \^]0_ � �h� * 6
And asbefore, thefirst componentof this equation
is thepower-constrainedCAC andyields

� � U�� �X �+.J¢¡
.
Usingtheequationscitedin [4] page 161:

§�¨ ~ � � A "$#
��h� ©�«ªC¬Z < t �¢V¯®&VW°eV

where § ¨ ~ is the uplink load factor defined by :§ ¨ ~ � � � #± , ² is the chip rate(3.84Mcps),
� A

is the bit rate of user G and ³ A his activity factor
(0.67for speech, assuming

£�+ ´
voice activity and

DPCCH overhead during DTX).
For a despread bit energyto interferenceden-

sity ratio 3^µ � *·¶ � £&J¸+a� �
and a bit rate

� ��2�&J¢� :º¹¼» ' , thenoise rise
�

is equal to
## w ¶¯½ ¶g¶g¾g¾g¿ � .

Regardingthe maximumnoiserise allowed, for
amaximumthroughput of

��J¢¤aÀ ¹¼» ' corresponding
to

�Á¥ ¤
voice users,

� \^]0_ � ¤�¤
and for N=64,

thefixedcapacity componentof theCAC decision
gives

± {R|g} w #± {R|g} w #ZY < � +.J¢£ÃÂ�Ä
.

We can note that in sucha case, the wired ca-
pacity behind thebasestation is thelimiting factor
andmustthusbeconsideredin theCAC algorithm.

V. CONCLUSION

In this article, we studied a CAC algorithm for
UMTS, basedon a notion of effective bandwidth.
Formulashasbeenobtained for two kinds of re-
ceivers: thematched filter receiver andtheMMSE
receiver. Theseequationsintroducetheeffect of the
mobility andcoverage, preponderant in large cells
usedin rural environments,andtheeffectof thewi-
red capacity, which is important in small, highly
loaded cells usedin urban environments . Down-
link CAC is alsostudied, introducing the effect of
themaximaltransmissionpowerof thebasestation.

In the future, we shall consider measurement-
based CAC, a useful way to assign priorities bet-
weendifferent classes of users aswell asbetween
new andhandoff calls.
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