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ABSTRACT
In this paper, we propose a prioritization of hareto(HO) calls

over new calls in WCDMA systems employing orthodona

variable spreading factor (OVSF) codes as charat@&iz codes.
The code occupancy of the system is modeled by &kdwiachain
and the differentiation between HO and new capesformed at
the code level by introducing a “guard code” schefte scheme
belongs to the well known family of guard channghesmes and
reserves some code capacity to favor the contioat HO calls
over the new calls. As the management of the gemase is
intractable, we solve certain numerical instancethe problem
and manage to calculate several popular performaratgcs like
new call blocking and HO failure probabilities armbde
utilization.
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1. INTRODUCTION

In third generation mobile communication networks,

wideband-code division multiple access (WCDMA) éopted as
the air interface. In WCDMA systems, orthogonal iaiale
spreading factor (OVSF) codes are chosen as thenelization
codes to separate streams of data among the maigts. OVSF
codes allow WCDMA systems to dynamically allocateasiable
transmission rate to each user or connection bigréeg one
(single-code operation) or multiple codes (multdecoperation)
with different spreading factors. In such netwobath soft and
hard handovers are possible depending on the typghannel
used by the application. Conversational applicatiose dedicated
channels where soft handover is possible, whileagting
interactive and background services use the stdradnel where
only hard handover is possible. A hard handovéuriwill lead
to a temporary connection outage and additionaydielduced in
the packets waiting to be transmitted in the nelly eile a soft
handover failure is also undesirable due to theadigg overhead
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induced during the re-establishment of the conoactAs both
cases lead to poor network performance and shauk/bided, it
is important to favor HO requests over new calliesi during the
OVSF code allocation process.

To the best of our knowledge, the existing literatin OVSF
code management focuses only on the code blockidlgcade
assignment and reassignment issues, without disshing
between new and HO connection requests. In thierpape
propose a “guard code” scheme for HO traffic mansgg in
WCDMA system employing OVSF codes, which prioriszdO
calls over new ones and thus improves HO failute cue to
capacity shortage compared to the new call blockatg. The
scheme introduces a code reservation thresholahwaliows HO
calls to use the total capacity of the OVSF code,tbut restricts
the new calls to use only a part of the tree capadie model the
code occupancy of the OVSF code tree by a Markainchvhere
the arrival rates at each state depend on theirexistode
reservation threshold, and numerically solve thmwflbalance
equations and compute the steady state distributfonertain
problem instances. We study the behavior of théesysn terms
of new call blocking, HO failure probability and dm utilization
under different traffic loads and different codesewation
thresholds.

The remainder of the paper is organized as folldwsSection 2
we make a brief presentation of the OVSF chann@izaodes as
they are utilized by 3G WCDMA systems. The paranseté the
employed system model are presented at Sectiohepfioposed
guard code reservation scheme as well as the teapec
performance analysis is shown at Section 4. Fin&kction V
presents some numerical results and the papernsiuzted in
Section VI.

2. BASIC CONCEPTS

In DS-CDMA systems, such as 3G systems, Orthog@gadhble

Spreading Factor (OVSF) codes are employed as eliaation

codes in order to preserve the orthogonality amdiffgrent

physical channels [1]. At the transmitter, eachabia traffic flow

is multiplied with an OVSF code. Thus, the spectrafneach

signal is on purpose widened in order to occupyhalavailable
bandwidth. As a result, the transmitted signal leager power

density and a noise-like spectrum. At the receilverdespreading
is performed by multiplying with the same OVSF cagguence
initially used at the spreading procedure.



2.1 OVSF Channdization Codes

The method that is used for the generation of ti&P codes is
described in detail in [2], [3]. OVSF codes are gyated by a
binary tree withL layers. Each node represents a channelization
codeCgry, Where SF is the spreading factor of the codelaisd

the code number, 4 k< SF.

The higher the spreading factor the lower the trassion rate
supported by a code. The spreading factors areleidietween
consecutive layers, as we move from the highert(dager to the
lower (leaf) layer. Leaf codes have the maximuneaging factor
(SFhay and therefore the minimum data rate, which isotkxsh by
R. The transmission rate supported by an OVSF codh w
spreading factor SF is always a multiple of a poafewo of the
lowest available rate.

A difficulty in the assignment of an OVSF code iket
orthogonality constraint. According to this consita the
assignment of a code is possible, if only if nofidt® ancestor
codes and none of its descendant are already @ztu@ince a
code is assigned, all of its ancestors, as wellaksof its
descendants are blocked and can be used after athe is
released. Hence, at the 4-layer OVSF code treerslaoWwigure 1,
the assignment of cod®, ; immediately blocks its ancestor codes
C,1, Cy 1, and its descendant codes;, andCs ,.

2.2 Code Blocking and Capacity Blocking

The blocking of a new incoming call can be chandote either
as capacity blocking or as code blocking. If thea@ing OVSF
code tree capacity is lower than the rate requintnwf an
incoming call then the latter will be blocked and will refer to
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Figure1 The OVSF codetree.

this case as capacity blocking. For example aOM8F code tree

of Figure 1 the available capacity iR Since the free codeSg g
C,»> and C44 support transmission rates of 1R ,2R and 2R
respectively. Therefore, if an incoming call redses rate of 8R
then the call will be blocked due to the lack gbaeity.

However, capacity shortage is not the only causealbfolocking.

As a result of the statistical nature of the atrigad departure
processes the occupied OVSF codes are randomlgdspieross
the code tree during system operation. Consequéeh#ycapacity
of the code tree becomes fragmented and that indaumses code
blocking. Code blocking is defined as the condittbat a new
call cannot be supported although the system hasgéncapacity

to support the rate requirement of the call [4]t Example, as we
previously mentioned, the available capacity of @¢SF code
tree at Figure 1 isf However, if an incoming call requests a rate
of 4R will be blocked as the cod€s ;andC, , which support rate
4R are both blocked by lower layer occupied codes.

A first possible countermeasure for the alleviatioh code
blocking is the clever selection among possibledidate codes
during the assignment procedure. Nevertheless,cansequence
of the statistical nature of the departure procélss, complete
elimination of code blocking is accomplished onfyai code
reassignment procedure is employed [5], [6]. A s&msnent
procedure reallocates ongoing calls to other cadethat a new
call can always be supported if the system has wadeqfree
capacity to support the requested rate.

3. SYSTEM MODEL

We consider a WCDMA system which supports multérat
transmission rate by employing an OVSF code treh wiayers.
The codes at the leaf layer have the maximum S, and
consequently the lowest possible transmissionRatehile codes
at some layer with spreading fact@F have transmission

rate2(Sfnax/SP) R

We denote the codeapacity occupancy stat€OS) byc, 0< c
<Cy, whereC; is the total capacity of the OVSF code tree and is
equal to the number of leaf layer codes. We asghatewo types

of calls, namely new and HO calls, share the ®gatem capacity
C; and that code blocking is completely eliminatedsbyne code
reassignment procedure so that an incoming regeiésér new or
HO, is blocked only due to capacity shortage. A isahssigned a

code of rat&kR, wherek= 2(SFnax/SF) g g power of two as above
andSFis the requested spreading factor.

Finally, without loss of generality, we assume tlhé only
possible requested rates aR, 8R, 2R and R. The HO load is
assumed to be known in advance by the measurereltested
in the NodeB station. For simplicity of the modelalysis, we
assume that the distribution of the arrival traficPoisson and
denote bya,x and A,k the arrival rates of new and HO calls,
respectively, requesting a ratekdi

We also assume that the mean service time andetheesidence
time of a call follow negative exponential distritums and
therefore the average code holding time for a oaith
transmission ratkR is also exponentially distributed with mean of

1/ My

4, RELATED WORK

Many reservation schemes have been proposed litetaure in

order to alleviate the HO dropping rate and fav@ Eklls over
new ones. At [7], the authors propose a Dynamic tiglel

Threshold Bandwidth Reservation (DMTBR) scheme, civhi
employs multiple bandwidth reservation thresholdsorder to

provide QoS provisioning in wireless multimedia wetks. At

[8], a virtual guard channel (VGC) scheme for hdhaalls is

evaluated in comparison with the conventional guehénnel

(GC) scheme. At [9] the performance of a handoffesee with

guard channels in ATM-based mobile networks is iwered. The
handoff guard channels model together with DOVE I§peOf

Voice End-user) algorithm is proposed at [10]. Hie of this



scheme is to preserve the QoS of handoff callsendtiithe same
time to guarantee the QoS of new calls. A multelesynamic
guard channels (MLDGC) scheme which aims to effitje
enhance the admission priority for handoff callgpisposed at
[11]. Finally, at [12] a scheme based on the foawl guard
channel policy is proposed and its performancevauated via
simulation.

Concluding, the main idea behind all the guarchdeaschemes
is the reservation of additional bandwidth for tH® calls from
the total available capacity. This is achieved bghpbiting the
acceptance of new calls if the channel utilizati@s superseded
some threshold value. In 3G WCDMA systems the bauditiw
allocation to the connections is achieved through use of the
OVSF codes. Hence, any guard scheme proposed feyS@ms
should be aware of the OVSF code tree charactevistherefore,
although the scheme which we propose belongs tavéfieknown
family of guard channel schemes it differs fromestipreviously
proposed schemes since it is adapted to the featfithe OVSF
code tree.

5. THE GUARD CODE RESERVATION
SCHEME

As we already mentioned, the failure of an incom@ call

yields poor network performance in the case of $t@, and

deterioration of the QoS perceived by the usethéncase of hard
HO. Thus, the failure of a HO attempt due to codpacity

shortage is less acceptable compared to the bipdiia new call
due to the same reason. As we previously mentichedmost
well known methods which are employed in orderltevaate the
HO dropping rate are the guard channel reservadicmemes
which are easy to implement and manage.

In our analysis, we consider OVSF codes as theqrecesource
at the downlink of WCDMA systems and applygaard code
reservation scheme to favor incoming HO calls avew calls. As
long as the available code capacity is not lowanth threshold
value C,, the BS allocates codes to either new or HO cills.
however, the available capacity falls bel@y, only HO calls are
accepted and new calls are blocked. Assuming ligaHO load is
known by the measurements collected at the baserstthe base
station can dynamically adapt the threshold valughie guard
code reservation scheme.
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Figure 2 Code occupancy state space when C=8.

5.1 System State Space

We denote the system code occupancy stateghy X x;), where
Xa» X4, X2, X1 @re integers denoting the number of occupied cofles
rate &, 4R, 2R and R, respectively, such thak@-4x,+2x,+x;=C.
For example the system state (0012) correspondscoite
occupancyc=4 with no codes of rateRBand &R, one code of rate
2R and two codes of rateRloccupied. Depending on the possible
transmission rates in the system, we can obtairthallfeasible
occupancy states in the OVSF code tree by usingrergtion
function as in [5]. For example, all the possitifges in an OVSF
code tree withC;=8 are 36 as shown in Figure 2. When the OVSF
code tree size increases the total number of steitesncrease
dramatically. For example, &; =16, total number of states=201
states, while a€; =32, total number of states=1625 states [5].

5.2 Performance Analysis

The code occupancy of the OVSF code tree can belewdy a
Markov chain with multiple transitions among thadible states.
Figure 3 shows only a small part of the Markov ohdlustrating
all the feasible transitions into and out of sté®d12), when
C;=16 andCy=6. As the used code capacitycis6, the available
capacity isCr - c=10 and the threshold 84=6, no new calls of
rate & and R are allowed in the system and the corresponding
transitions from this state with arrival rateg and4, , are absent
from the transition diagram. The flow balance etmrafor the
same state is given in the following:

I:{)112'(2#1‘|'#2+#4+ Ay 0 i Ag st A, Ay A, ,}:
I:{)113'(3#1)+ P0122'(2ﬂ 2)+ Pozlz'( 2u )"‘ P111'z(/1 )a+ (1)
F6111'(ﬂn ,1+/1h,1)+ P0102'(2'n gt lh ,)"' POOI'Z(ﬂ’n ,Tﬂh )zr

For constructing the general form of the flow bakrequations
the following notations are necessary:

e P;: the steady state probability of the code capastiye
J=(Xe X X2 Xy).

e  Ci: code capacity occupancy in state

e nj): the number of calls with transmission r&f in
state).

e @k the new state after accepting a call of kRanto
the system while in staje

e jok: the new state after completion of a call of deRe
while in statg.

e 1.,k andly(,K): functions that indicate the possibility
of accepting a new or HO call of rék® while in state

j, such that:
1 fC ., . <C,-C,,
1.(ik)= e T " and
0 otherwise
1 ifC ., <C
| .,k _ j@®k T
(1K) {0 otherwise



Now we can derive the general form of the flow baequations
for any statg, as follows:

B 2 (D)) + R 2 (1K) Ayt 1 (5.K)- Ay ) =

k=1,2,4,8 k=1,2,4,8
Y (P (k) niek)- ) +
k=1,2,4,8 (2)
Y (Pac(liek k) Ayt 1ok k)-4,)).
k=1,2,4,8
Ciac<Gr =Gy k(>0

The complete set of equations includes the sumtezfdy-state
probabilities of all code occupancy states whickqgsal to unity,

Z, P]- =1. The solution of the above set of equations yiéhes
j

steady state probabilif§; for each statg

The probability Pcodc) of having a capacity occupanay is
defined as:

0<c< G

Pcos(c): z Pj

vjCj=c

®)

Figure3 Markov statetransitionsto and out of state (0112)
when CT=16 and CH=6.

The new call blocking probabilit,,(kR) of the calls requesting
code rat&kR (k=1, 2, 4 and 8) is given by:

PokR =20 ¢ ey Rosl O (4)

The HO failure probabilityy; (kR) of the calls requesting rak&
is given by:

RIOR=DTC ) Ros(9: ®)

Another important performance measure is codezatitin U,
which is defined as the percentage of the totabampacity being
utilized and can be expressed as:

C
"cx P (cC
UTZZC::lC;( cos(). (6)
T

6. NUMERICAL RESULTS

The performance of the proposed guard code regsemvatheme
is evaluated in an OVSF code tree with total capdci =16. All
the possible code occupancy states of the systemwel as the
flow balance equations were generated by a C++ ranog
Different input parameters, such as call arrivadl @all service
rates, as well as capacity threshold values pratdifferent
instances of the problem. The equations were thesh tb
Mathematica to calculate the steady states prdbebikquations
and metrics of interest, i.e. the new call blockangd handover
failure probabilities as well as code utilizatioiWe used several
thresholds value€,=4, 6, and 8, different traffic intensities and
different traffic mix of new and HO calls. Furthesre, in our
study we assume two different distributions for tiedfic patterns
of both new and handover calls. The first distiibt is
(8R:4R:2R:1R) = (10:20:30:40), where the lower raialls
dominate the overall traffic volume in the systehilesthe second
distribution is uniform (&4R:2R:1R) = (25:25:25:25). We will
refer to these two distributions as A and B redpelst

6.1 New Call Blocking and Handover Failure
Probabilities

Figures 4 to 7 show the new call blocking and haeddailure
probabilities P, and Py; as the offered traffic load increases
following the traffic patterns A and B respectivelin this
particular problem instance, we assumed that thetridffic load
is only a low percentage (20%) of the total offelead while the
code reservation threshold@s=4. As illustrated in Figures 4 and
6 for both distributions the higher rate calls suffigher blocking
and dropping than the lower rate calls. Howevee ttuthe guard
code scheme the HO failure rate of every call (aigs. 5 and 7)
is significantly lower than the new call blockingppability of the
corresponding call rate.

Furthermore, we can also observe that with trgiittern B the
blocking probability of new calls as well as théuee probability

of handover calls is higher compared to traffictgrat A. This

phenomenon is caused by the increased percentadgghefr rate
calls at traffic pattern B. The higher rate cakkperience capacity
blocking more often than lower rate calls.
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Figure 4 New call blocking probability versus overall call
arrival rate (A) at traffic pattern A.

Handover failure rate
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Figure 5 Handover failure rate versus overall call arrival rate
(A) at traffic pattern A.

6.2 TheCapacity Threshold

The value of the code reservation threshold plesigrificant role

at the utilization of the available bandwidth aslivas to the
overall system performance. In this scenario we leynfraffic
pattern A and we compare in Figure 8 the code battdw
utilization U+ at different code reservation threshol@s €0, 4, 6,
and 8). The cas€y =0 corresponds to the complete sharing
scheme where no code capacity reservation for HI® edsts. As
shown in the figureUt increases nearly linearly as the offered
load increases and it achieves the highest valles where is no
capacity reservation, as expected. Of course, dbrefit comes
with the cost of increased HO failure rates.

Figure 9 shows the performance R and P,, probabilities of
calls requesting ratesRland R at different code capacity
thresholds while the overall arrival retelcall/sec.

New call blocking probability

Overall call arrival rate

Figure 6 New call blocking probability versus overall call

arrival rate () at traffic pattern B.

Handover call dropping probability

Overall call arrival rate

Figure 7 Handover failure rate versus overall call arrival rate
(2) at traffic pattern B.

It seems that for this certain problem instance itt@ease of
threshold aboveCy =4, does not vyield any significant
improvement at the HO failure rate, while cause amessary
deterioration of the new call blocking.

7. CONCLUSION

A guard code scheme has been introduced to favoc#i® over
new calls in WCDMA systems employing OVSF codes as
channelization codes. The reservation process talee at the
code management level, and new calls are admibtéldet system
if the available capacity is above a certain tho&shThe code
occupancy state of the system and the transiti@teden the
different states are modeled by a Markov chain. Ruthe large
number of states even for moderate total capaeilyes, certain
numerical instances of the problem are solved ahd t
performance metrics confirm the effectiveness & fhoposed
scheme.
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Figure 8 Code capacity utilization versus overall call arrival
rate ().
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Figure 9 New call blocking versus HO failure rate at different
code reservation thresholds.
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