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Adaptive Channel Reservation Scheme for Soft
Handoff in DS-CDMA Cellular Systems
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~ Abstract—Soft handoff techniques in direct-sequence code-di- arrivals and user mobility. Priscoli and Sestini [11] proposed an
vision multiple-access (DS-CDMA) systems provide mobile calls gdaptive scheme to find an optimum balance between the call

with seamless connections between adjacent cells. Channel reserb|ocking and dropping probabilities. Calls are accepted by a
vation schemes are used to give high priority to more important )

soft handoff attempts over new call attempts. However, since the threshold that is adaptlv_ely determln_ed by monlto_rlng_ the fre-
number of soft handoff attempts varies according to environ- duency of new call blocking and ongoing call dropping in a cell.
mental conditions, fixed reservation schemes for handoff attempts Unfortunately, they did not consider soft handoff attempts when
can be inefficient. An adaptive channel reservation scheme the dropping of ongoing calls was estimated. Soft handoff at-

is herein proposed to control the size of reservation capacity ; ;
according to varying the number of soft handoff attempts, The tempts should be considered differently from new call attempts

proposed scheme also includes a balancing procedure betweerP€CaUse the blocking qf soft handoff attempts from other cells
soft handoff failure and new call blocking to maximize the system could cause call dropping.

capacity. To evaluate the performance of the proposed scheme, a An adaptive channel reservation scheme for soft handoff
Markovian model is developed that considers the interference-lim- attempts is proposed in a DS-CDMA system. The proposed

ited capacity effect of DS-CDMA systems. Analytical result Shows gopeme reserves a minimum amount of capacity and makes
that the proposed scheme yields a considerable enhancement in

terms of new call blocking and soft handoff failure probabilites & reservation only if a candidate for soft handoff triggers a
when compared with the conventional fixed channel reservation capacity reservation through a threshold mechanism sensing

scheme. pilot signal strengths. Thus, the size of reservation capacity is
Index Terms—Call admission control, direct sequence code divi- €fficiently controlled according to variations in the soft handoff
sion multiple access (DS-CDMA), soft handoff. attempt rate. In addition to this pilot-sensing mechanism, the

minimum reservation capacity is controlled to find an optimal
balance between new call blocking and soft handoff failures.
This scheme requires an additional overhead for managing the
HANNEL reservation schemes have been a preferrgitke of reservation capacity and for measuring the rates of new
choice among various handoff prioritization schemesall blocking and soft handoff failures. However, the overhead
because they can reduce handoff failures with a minimum igfsmall because the proposed scheme can be implemented by
overhead [1]-[5]. However, the studies on channel reservatioxtending the conventional procedures for soft handoff and
schemes have focused mainly on time- and frequency-divisinaw calls.
multiple-access systems. The performance of the proposed scheme is analytically
Most previous studies on call admission control (CAC) in dievaluated in terms of new call blocking probability and soft
rect-sequence code-division multiple-access (DS-CDMA) syisandoff failure probability. This analytical approach is based
tems have concentrated on capacity management. Gilh@iseon an existing traffic model [13] and considers the interfer-
al. [6] and Viterbi and Viterbi [7] determined the capacity okence-limited capacity of DS-CDMA systems. This capacity was
DS-CDMA systems without considering user mobility and varipreviously limited by the number of channels [10]. Numerical
ation in the other cell interference. Liu and Zarki [8] and Shiexamples show that the proposed scheme can significantly
and Sung [9] proposed CAC schemes that adapted to varyimgluce the weighted sum of new call blocking and soft handoff
other cell interference. However, none of these studies consfgiture probabilities, which is introduced as a measure when
ered user mobility. Ishikawa and Umeda [10] considered calimultaneously considering both of the probabilities.
dropping in a cell in addition to call blocking, but they did not
take user mobility into consideration. tial.[12] considered
a soft handoff process when a fixed reservation capacity is used |l. AN ADAPTIVE CHANNEL RESERVATION SCHEME
to re;duce soft handoff failures. However, a fixed reservation c%j f?‘ Cellular DS-CDMA System Model
pacity can cause a waste of resources because the soft hando
attempt rate varies according to factors such as variation in callThe link capacity of cellular DS-CDMA systems is deter-
mined by interference from users in the same (home) and other
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It is assumed that the transmission power of each MS is penethod that adapts to variations in the soft handoff attempt rate
fectly controlled so that the signal-to-interference ratio (SIR) iis required.

a home BS remains constant. If an MS is in soft handoff, its If an MS finds a neighboring BS with a pilot signal higher
transmission power is perfectly controlled by the BS that réhan a predetermined thresholfh(p), then a new link to the

ceives the highest power from the MS.

BS is established while the existing link is maintained. In this

Let g1, denote the average power ratio of a soft handoff usease, the call is said to be in soft handoff. If the pilot signal from
to a nonsoft handoff user. Then the equivalent number of nonseither the old BS or the new BS drops below a predetermined

handoff users in a home cell can be expressed as

N(”Ov nsh)

ng + gsuMsh — gsn, It @ Soft handoff user

is a reference user

@)

N0 + gshMsh — 1, otherwise

whereng is the number of nonsoft handoff users ang is the
number of soft handoff users. Thus, the ratio of bit endigyo
total noise power spectral densityy can be expressed as

E, Sn/R
N (2)
0 ¢+ + N(no, nen)vSn/W + Io/W
where
Sy received signal power from an MS;
R information data rate;
v voice activity factor;
N; thermal noise spectral density;
W transmission bandwidth;
Io  other-cell interference.

thresholdIpbrop, the corresponding link is released [14]. We
propose a new parametgg..,, which is a threshold of channel
reservation requests. This value is less tHamn. Fig. 1 il-
lustrates typical pilot strength variation as an MS moves from
one base station area to another area. If an MS finds any neigh-
boring BS with pilot strength exceedirgs., the MS sends a
channel reservation request message to the associated BS con-
troller. Afterwards, if the pilot strength drops and stays below
TR during a predetermined period, the MS asks the associated
BS controller to release the reservation capacity. On the other
hand, if the pilot strength reach&g pp, then the MS initiates
soft handoff using the reserved capacity. Thus, the reserved ca-
pacity decreases with an initiation of soft handoff. The threshold
Trev IS NOt an absolute value but rather is a relative value to
Tspp. WhenT,pp is dynamically determined according to
the current link status/g,,, also is adaptively modified, and
thus the proposed scheme is applicable to dynamic soft handoff
threshold [15].

Trsrv Should be less thdfiypp So that the reserved capacity
is exclusively available when the MS with the reserved capacity

If arequired value o2, / Ny is given, then the condition meetingactually requests the capacity for the soft handoff. However, if

the communication quality is derived as

Io W/(Rv)

. A4
Sy (Eb /No)required

N(”Ov nsh) I/SN .

3

In general, CDMA systems use the interference level in ¢
admission control [8]-[11] in which a call attempt is admitted

if the sum of the newly assigned channel pod&t,, and the
current interferencé.(t)

ence level (TAIL). We consider the normalized other cell inte

is less than a total allowable interfer-

Trsrv IS tOO lOw, excessive unnecessary reservations can occur.
The reservation process can be divided into two cases depending
on whetheflrg, is greater or less thdfiprop. If Trsrv IS l€SS
than Thror (Case B), an MS requires a channel reservation
&p soon as it gets out of soft handoff. Otherwise (Case A), no
eservation is requested by an MS that has just moved out of
soft handoff.

Fig. 2 shows channel reservation and release algorithms in a
BS controller. The reserved capactbir(K) is initially set at

ferencel?, (= Io/1S ) using its probability density function Bo and a BS controller waits for a reservation request. When

(pdf) f1,, (=) [7], [1Q]. If the capacityCk is reserved for soft
handoff attempts with givem, andng,, then the probability
that a new call attempt is blocked is given by

Oé(?’Lo, Ty CR) = /

TAIL—Cr—no—gsnnsh— Pnow

o

J1,, (%) dz.
(4)

Similarly, the handoff failure probability},(n,, ne,) is ob-

a channel reservation is requested by an MS, the associated BS
controller accepts the request if the number of reservafidirs

the BS is smaller than a predetermined maximunkoff(, ..

In the case of acceptance of the reservation request, the BS con-
troller increased( by one and increas&3g(K') by 35, which

can be properly set at a different value for e#Cif the reserved
capacityCr(K) is less tharCg_,,.x. Otherwise Cr(K) is set
atCr_max. When the release of a reserved channel capacity is
requested, the BS controller decreasédy one andCr(K)

tained by deleting”’r from (4). Admission of a call attempt in by 3y, if Cr(K) is less tharCr_ max. Otherwise Cr(K) re-
a DS-CDMA system depends on the maximum allowable intefrains atCr_max.

ference TAIL, the numbers of active usets, n., in a home
cell, the reserved capacityr, and other-cell interference.

B. An Adaptive Channel Reservation Scheme

The proposed pilot-sensing reservation mechanism will re-
duce unnecessary blocking of new calls with priority on soft
handoff calls. However, the system capacity also depends on the
QoS difference between new call blocking and soft handoff fail-

In order to guarantee the quality of service (QoS) of soffres, i.e., a weight on the soft handoff failures [16], [17]. For a
handoff attempts, some reservation capacity is required. Hogiven weighting factor, system capacity is limited by new call
ever, a considerable amount of reserved capacity can be wastbfatking if the new call blocking probability is higher than the

for a fixed value of the reservation capadity, because the ca-

weighted soft handoff failure probability. On the other hand, if

pacity required by soft handoff is time-variant. A reservatiothe weighted soft handoff failure probability is higher than the



CHANG AND SUNG: ADAPTIVE CHANNEL RESERVATION SCHEME FOR SOFT HANDOFF 343

Pilot Strength
A

Reservation
Request to
BS B’

Soft handoff
Initiation with

Reservation

Reservation
Request to BS 'A'
(Case B)

ADD

(Case B)
(Case A)

————————————— ~» T
- DROP

T
Rsev | ° e NN » T
|

Base Base
Station A @ - » Station B
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new call blocking probability, the excessive soft handoff failuris maximal when the new call blocking probability is equal to
probability limits the system capacity. Thus, the system capacthe weighted soft handoff failure probability.
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To keep a balance between the new call blocking and the3) new call arrivals follow a Poisson process with a rate of
soft handoff failure probabilities, the proposed scheme controls  A,;
the size of minimum reservation capacityy by counting 4) the call holding timel’, is exponentially distributed with
the numbers of new call blocking and soft handoff failures. a mean of Yu.;
A moving window method is used in order to estimate the 5) the residual times are exponentially distributed.
frequencies of new call blocking and soft handoff failures, &sg. 4 illustrates an example of regions and boundaries based on
shown in Fig. 3(a)V,i, Windows are simultaneously managee square cell structure. To account for the reservation process as
with a time interval ofZy;,. At the sth window, the number well as the soft handoff process, one cell area is divided into six
of new call requestsV,,.(4), the number of blocked new call regions. These regions are:
requestsiV,,; (i), the number of soft handoff request§,.(i), 1) the innermost cell region (IMR);
and the number of failed handoff requedfs; () are counted 2) the reservation region (RSR):
in a time interval of(tg + {Tyin, to + (Nwin + 1)Twin) @nd in 3) the inner cell region:
the successive time intervals M, 7win Wherety is an initial 4) the soft handoff region by the threshol@spp
time. The size of minimum reservation capagityis updated at (SHRupD):
atime intervall;, asfo+ A if f, Nue(i)/Nro(4) is larger than 5) the soft handoff region by the threshold@prop
N (8) /No(1), where f,, is the weighting factor representing (SHRoROP);
the relative importance of soft handoff failure to new call 6) the outer cell region.
blocking. Otherwisefs, is updated agl — A. Fig. 3(b) shows  \y \i5 initiating a call in an IMR attempts to reserve channel

an update algor_ithm of the minimum reservation capa@ﬁty ._capacity for a soft handoff attempt when entering an RSR (point
It is a very difficult problem to choose an appropriate sizg. Fig. 4). The MS attempts a soft handoff when crossing

Tin Of the window monitoring interval. Since the offered traffic[he inner cell region boundary into an SKR, region (point

is time-variant, a short interval may not support a sufficient eg. ;| Fig. 4). Soft handoff is ended when the MS leaves the

timation for determining the size of reservation capacity [11§HR ' re- ion (point “ii” in Fia. 4). Thus. the SH

On the other hand, the dynamic variation of the offered traﬁi%gio%Ri?nr():Iudges th(g SHR-D regic?ﬁ I;-ven When an I\/IBS?;) in

make; the reservation process ineffic!ent if th? monitoring iIgbfthandoff, another handoff may occur if the pilot signal from a

:jg;fval IS tooblong. The prOpoﬁ%? belil_ancm%alg?nrt]hm dfo]{ftfh?l QCEﬁrd BS becomes stronger than either one of the two previously
ffference between new ca ocking an S.Ot andott 1allures -qjyed pilot signals. Another reservation request for channel

updates the value ¢f, at a sufficiently long interval. Thus, it capacity occurs for a candidate handoff MS in an RSR if the

finds grgdually on!y the Iong—term balance while the_requir lot signal from a third BS becomes stronger. Thus, we here
reservation capacity according to the dynamic variation of the oduce an overlap region and a sub-RSR region to divide the
offered traffic is managed by the pilot-sensing reservation me HRorop and the RSR into four parts

anism. 1) Soft Handoff Attempt RateThe soft handoff attempt rate
Aqn is derived as follows [13]:

Ill. PERFORMANCEANALYSIS Ay = Ko\, )

Two measures are derived in order to investigate the per- __
formance of the adaptive channel reservation scheme. ThiéereK,, is the average number of handoff attempts during the
are the blocking probability’s for new calls and the handoff call holding timeT.. K, is composed of two terms originated
failure probability Py for soft handoff attempts. The exactdy a call occurring in an SHRbp and an inner cell region
model for the proposed scheme is complex because of the
effect of the interference-limited capacity in DS-CDMA

systems and the process for channel capacity reservatlcwﬁerePNs is the probability that a new call arrives in the inner

The processes for new calls and soft handoff calls should alsg, region (an inner region areala cell area) &ds the prob-

be taker_l Into account. A Ma_lrkowan m(_)del can re_duce_ tQl%ility that a new call arrives in the SHR . For K, _ns, the
complexity under the assumption that residual times in regio Sime expression as [13] can be used

which will be specified later, follow exponential distributions.
In Section llI-A, a traffic model for the proposed scheme is — (1 - Pg)Prx
derived. The performance of the proposed scheme is evaluated Konns = {1—(1- Py ™
using a Markovian model in Section IlI-B. ) ’

K, = PnsKouns + PsKas (6)

wherez is the probability that a call that requested a handoff re-
A. Traffic Model guest (HOR) does not request any more HQzR;,_ P+(1-
_ _ _ Pys){1— Py + Py P,(1 — Pp)}; yis the probability that a call
In order to find traffic rates for the adaptive channel resefakes another HOR, = Py (P,+ P, P;); P; (Py) denotes the
vation scheme, the approach of [13] is used with the followingrobability that a caller leaves an inner cell (an overlap region)
assumptions: before call completion, anB, andP, are the conditional proba-
1) the cell is square-shaped [13], [18], [19]; bilities that an MS moves from an overlap region to an inner cell
2) mobile stations initiating calls are uniformly distributedand to another overlap region, respectively, under the condition
throughout all cells; that the MS leaves the overlap region. For the term originated
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Fig. 3. An update procedure for the minimum reservation capagitya) A moving window method for the estimation of the new call blocking and the soft
handoff failure probabilities. (b) An algorithm for updating.

by a call occurring in an SHR>p, one assumption is different ongoing call. However, these calls, if they are admitted from all

from [13]. This different assumption is that all attempts from the associated BSs, are put into soft handoff from the beginning

call that originates in the SHR,p region are regarded as newof call connection. Therefore, a different expressionf&ay, s

call attempts even for the second associated BS. This is becassterived with a slight change from [13] as

call attempts to the associated BSs are made almost simultane- 1 P2ull— P

ously, and thus the attempt does not cause disconnection of an Kas = ( B)-y( hr) r
[1— (1= Pyl

(8)
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Fig. 4. An example of regions and boundaries based on a square cell structure.

An MS makes a reservation request for channel capacitely require a reservation. In Case B, a reservation is required
if it moves from an IMR region to an RSR region or from éecause an MS that has just moved out of $HEr is in RSR
sub-RSR region to another sub-RSR. It is assumed that call$dn Case B.
soft handoff do not require reservation requests. Thus, a soffA channel reservation in Case A is required by a communi-
handoff attempt without reserved capacity occurs either ifaating MS that moves from an IMR to an RSR or by an MS
new call arrives in the SHR,p region and is not blocked or if that originates a call in the RSR and the call is not blocked. A
a communicating MS moves from its overlap region to anotheommunicating MS in a sub-RSR region does not require any
overlap region. Thus, i Hrc denotes the average number ofurther reservation if the following conditions are satisfied.
soft handoff attempts without reservation requests, the arrival1) The call of a communicating MS is terminated within the
rate of soft handoff attempts without its reservation request  syb-RSR.

As_Drc Can be written as 2) The mobile call is terminated within the IMR after the
A\ — Frne) ) caller moves from the sub-RSR to the IMR.
sh-DRC DRC Ao 3) The communicating MS moves from the sub-RSR to the

The arrival rate of soft handoff attempts with a reservation re- ~ SHRapp and a handoff attempt fails. If the handoff at-

questh,, r is given by tempt succeeds the following conditions are satisfied.
— — a) The mobile call is terminated within the overlap
Asnr = (Ksn — Kpra)Ao- (10) region.

b) The communicating MS moves from the overlap

K derived in the Appendix) is given b
DRo ( PP Jisg Y region to the IMR and the call is terminated within

Kpre =PsKa.sP /(P + PuPr) the IMR.
+ Pys{[Ksns — (1 — Pg)P|P,/(P, + P.Pp)}. c) The. communicating MS moves from the qyerlap
(11) region to another overlap region and condition 3)
is satisfied.

2) Channel Reservation Request Raf&@ find the channel A communicating MS in a sub-RSR region requires another
reservation request rate;, Cases A and B are considered. Fofeservation if the following conditions are satisfied.
Case A, the SHBgrop region includes an RSR region. Thus, 1) A communicating MS moves from the sub-RSR to the
an MS that has just moved out of SHRop does not immedi- IMR and moves back into a sub-RSR again.
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2) A communicating MS moves from the sub-RSR to an-
other sub-RSR. ' '
3) A communicating MS moves from the sub-RSR toPH M. = m}
the SHR\pp, the handoff attempt succeeds, and the = (Pxs — Prev)(1 — Pp)Pvrzy ' 2nk

following two condiFion's are satisfied. + Preev(1 — Pg)2m tang + Ps(1 — Pg)?
a) Thg communicating MS moves from the oyerlap APy PoPor /{1 — (1 — Pi)Pu P}y ene (17)
region to the IMR and then moves back into a )
sub-RSR again. where zg and zxgr denote the probabilities that a communi-

b) The communicating MS moves from the overlaﬁating MS in a sub-RSR requires another reservation and does
region to another overlap region and condition 3510t require another reservation, respectively. These values are

is satisfied. given by
When a new call arrives in an RSR region with,, it requires zr = PrsrPuPivr + Prsr Pe + Prsr P
immediate channel reservation if it is not blocked. Assuming a (1= Pue)Py Py Pour/{1 — (1 — Pu)Py Py} (18)

uniform distribution of new calls, the probabilitifr,,, can be

written asPg.., = (RSR area)/(Cell area). axr =(1— Prsr) + Prsrla(l = Fivr) + Prsk

Let Trsr andTiyvr denote the residual times in a sub-RSR “Pe{Pus + (1 = Pue)(1 = Py) + (1 — Pur)
and an IMR, respectively, both for a new call that originates in - Py P,(1— Povr)}/{1— (1 - Py)Py P}
the corresponding region and for an ongoing call that moves (19)

from the corresponding neighbor region. The same distribution N .

of residual times can be applied to both new calls and ongoiliere £, Fu, and . are the conditional probabilities that an
calls. These residual times depend largely on cell size and t¥f> moves from a sub-RSR region to an overlap region, to an
minal mobility factors, such as terminal speed and direction. [fIR. @nd to another sub-RSR, respectively, under the condition
Prsr and Pryr denote the probabilities that a call leaves thd1at the MS leaves the sub-RSR. Sidtet+ Py + Fe = 1, zr
RSR and the IMR, respectively, then the probabilities can §8UalS tol — znr. The expected value dil4 is given by

expressed as _ e
My=» mP{My=m}
Prsr =Pr{1.. > Trsr}

m=0

_ /Oo et (8 dt ={(Pns — Prsrv)(1 = Pp)Pvr + Pravv(1 — Pp)
RSR
0 + Ps(1 — Pg)*Py PoPoar/{1 — (1 — Pye)Py By }}
= prsr/ (ke + PRSR) (12) (11— 2r) 72 (20)
and For Case B, an MS, if it has left afiH R app region and is
Prvr =PHT. > Tivr} in an RSR region, requires a channel reservation immediately.
>~ Therefore, the condition that a communicating MS in a sub-RSR
= /0 e™H friun (t) dt does not require any additional reservation is the same as the
= pmr/ (tte + pIMR) (13) condition for Case A. However, the case for condition 3b) of

Case A is excluded. The condition that a communicating MS in
where ¥irsk and ¥ uvr are the average residual times in thg, sub-RSR requires another reservation is also the same as the
RSR and IMR region, respectively. condition for Case A, but changes in the case of condition 3a) for

If M4 is the number of reservation requests during the calase A. The subcondition is required that a communicating MS
holding timeT’. for Case A, the probability Ri/.4 = m} can moves to the SHRpp and, if a handoff attempt succeeds, the

be derived as MS then moves from the overlap region directly to a sub-RSR.
Pr{M, = 0} Similar to Case A, the expected number of reservation requests
(P Prore)(1 — Pp)(1— Por) + PasPp + P during a call holding time can be written as
= NS = 4 Rsrv — 4B — I'IMR Nsi'B S .
{Pp +(1— Pg)Ps + (1 — Pp)*(1— Py) Mp ={(Pxs — Prarv)(1 = Pp)PivR + Prarv - (1 — Pp)
i 2
+ (1= Pp)*{Py Pa(1 — Pour) + PePy(1— Py)} sl = Bp) Brlo/il = (1~ APy B}
! ! N—
/{1 = (1= Py)PyP,}} (14) -2nr(1 = #R) (21)
P{M, =1} wherez}, (= 1 — zg) is the probability that a communicating
MS in a sub-RSR requires another reservation. This probability
= (Pxs — Prarv)(1 — Pg) PrvRr~ e
( NS R )( B) IMRANR , is given by
+ Prerv(1 — P)ang + Ps(1 — Pg) ,
APy Py Povr/{1 — (1 — Pys) Py Py} J2nr (15) ?r = Phsnlalr + Prsrle + Pronbe(l = Pu) Py P
Pr{M, = 2} /{A1—(1-Py)PvF}. (22)

= (Pxs — Prowv)(1 — Pp)PivirzrANR Finally, the average channel reservation request rate is given by

+ PRsrv(]- — PB)ZRZNR + Ps(]_ — PB)2 = { )\OMA; if TRerv > TDROP

o , (23)
APy P Povr/{1 — (1 — Pug) Pv Py} }2zr2NR (16) AoM p, otherwise.
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Fig. 5. A state transition diagram for the Markovian model.

B. Markovian Model or if the MS moves out of an RSR region. When the MS moves
New call arrivals, soft handoff arrivals, and reservation rd® @ SHR.pp region without a call termination, soft handoff

quest arrivals are based on the Markovian model for the adaptRi€MPL is terminated. The attempt rate is equakior. Thus,

channel reservation scheme. Fig. 5 shows a call flow diagrdmh-1t 1S the ratio ofA, r 10 Ar - Prsr. New call arrivals are

for the proposed scheme. New call arrivals in an inner regiGiPcked with a probability o(n,, n.n, &), which depends on

with a rate of\,(1 — Ps), in a soft handoff region witt,2Ps, the number of reservatiorisin a cell. Soft handoff arrivals are

and soft handoff arrivals without reserved capacity with a rate Blocked with a probability oy, (o, n.1)- , ,

A nre all cause call attempts directly to channel servers. New 1he  state in- the Markovian model is defined as

call arrivals in a soft handoff region are admitted only if both of = (7 b, k), wheren is the number of active calls in

the associated BSs accept, and, if they are admitted, the call&gee!l: @nd thus is equal e, + n,. There are 11 conditions

into soft handoff. A soft handoff arrival with a channel reservdliat cause state transitions:

tion enters the system as a reservation request arrival. When thel) a new call arrival in an inner region if it is not blocked;

reservation is released, it is assumed that the release is cause®) a new call arrival in a soft handoff region if it is not

by a soft handoff attempt with a probability ét;,_r in (24), blocked,;

shown at the bottom of the page. 3) a soft handoff attempt arrival without reservation if it is
Service for a reservation request arrival is completed either if not blocked;

the call of the MS that requested the reservation is terminated 4) a reservation request arrival;

( )\0(1 - PS)(]- - Oé(TL, Tish, k))a if s’
Ao2Ps(1 — am, ngy, k)2, if s/

n+1, nen, k)
n+ 1, ng, + 1, k)

+1,nsn+1, k)
N, Ngp, K+ 1)

=(
= (
Ash_pR(1 = (7, nan)), if s =(n
AR, if s’ =(
kprsr(l — Par + Pan_rasn(n, nen)) + ke, if s = (n, nay, £ —1)
Qss = kprsr Pan_r(1 — agn(n, ngn)), ifs"=mn+1nyu+1,k-1). (24)
=(n—1, ng, k)
=(n—1,nu—1, k)
=(mn-1ng—1k)
=(n, nen + 1, k)
=(n, ngp — 1, k)

(n — N1y e, if s/
Tishfe, if s’
nsupv /2, if s’
(n — nen)pir, if s/

\ nsh/vLVPa/27 |f 3
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5) for given k reservations, a mobile call termination ordspp/a, anddpror/a, respectively. ThedPs and Pg.,, can
reservation release that is not caused by a successful §eftexpressed as

handoff attempt;
6) for givenk reservations, a reservation release due to a
successful soft handoff attempt;
7) completion of an active call that is not in soft handoff.
8) completion of an active call in soft handoff;
9) crossing the outer cell boundary of an Sk region;
10) crossing the boundary of an SHR> region from an
inner region;
11) crossing the boundary of an SHR region from an
SHRprop region.
A state transition diagram for these transition conditions is
shown in Fig. 6. The corresponding infinitesimal generator
matrix (), is given by (24), where A.; and Yy are the
average residual times in an inner region and in an RSR region,
respectively. The blocking probability of new call attempts
can be obtained as the sum of terms of the inner and the soft
handoff regions

n=0ngy

Kmax

Z {CY(TLO, Tish, k)(]- - PS)/(]. + Ps)
0 k=0
+ {2a(no, nen, k) — 042(710, Nehy k) }

2Ps/(1+ Ps)}Ps(n, nen, k) (25)

where P;(n, ny,, k) is the steady-state probability of state
s = (n, nsh, k). Soft handoff attempts with/without reservation
fail if the other-user interference exceeds the interference limit
TAIL. The handoff failure probability for soft handoff attempts
without reservation can be obtained by simply summing all
possible states multiplied by the probability @fy, (7, 7).
The handoff failure probability for soft handoff attempts with
reservation can be derived by calculating the blocking rate of
handoff attempts with reservation over the total soft handoff
arrival rate. Thus, the total probability of the soft handoff
failure can be derived as

n Kpnax

th = Z Z Z ash(noa nsh)PS(nv Tish, k)

n=0n.,=0 k=0

N {)\sh_DRC + kuRSRPsll_R}/)\sll- (26)

2)

Q

P, =(a — dpror) /{a + (\/5 - 1) dDROP}
P. =(a—dann) /{2(@ — dapp) + (\/5 - 1) dRSR}

el

The rate of handoff attempt with reservation increases with theP d

number of reservations, which means that larger capacity is re-
served when handoff attempts rate is high. The state probabili-
ties Pg and Py can be obtained recursively by solving the ma-
trix Q. from (4), (5), (9), (10), and (23)—(26).

IV. NUMERICAL EXAMPLES

The performance of the adaptive channel reservation scheme
is compared with a scheme using a fixed amount of reserved
capacity.

A. Assumptions

In a square cell structure shown in Fig. 4, B the length
of a square cell, 2,pp is the width of an SHRpp, 2dpror
is the width of the overlap region, arlksr is the width of an
RSR. Letkn, kapp, andkprop denOte(dRsR + dADD)/CL,

Ps =1— Pxs = kapp(2 — kapp)

d
BSR (9 — kapp — kmv)-

(27)
(28)

PRsrv

To determine the values of parameters and variables, the fol-
lowing assumptions are made.

1) Ingeneral, mobile stations tend to reside for a longer time

in a larger cell. The average residual time in a cell is
known to be proportional to the cell radius and inversely
proportional to the speed of a mobile station [20]. It is
assumed that the average residual times in an innermost
cell, in an inner cell, in an ordinary cell, and in an outer
cell are proportional to the shortest distanegg+) from

the center to the boundary. Since the ratios &f,{)

for the innermost cell, the inner cell, the ordinary cell,
and the outer cell arél — k) : (1 — kapp) = 1 :
(1+kpror), the following relations among/ten, 1/ 47,
1/peen, and ¥ ue are also assumed, whergyiL is the
average residual time in an ordinary cell

1/pim =1/ preen(1 — Erw) (29)
1/pr =1/pcen(l — kapp) (30)
1/po =1/peen(1 + kpror)- (31)

P,(=1-P),P.,P;(P.=1—- P, — P,), and the av-
erage residual times in an overlap region and a reservation
region depend on the region’s shape and size and the mo-
bility model. If a mobile station passes through an overlap
region boundary and a reservation region boundary with
equal probability, thed,, P., and P, are given by

(32)

(33)
=(a —dapp — drsr)
/{2(a —dapp) + (\/5— 1) dRSR} .
(34)

Without loss of generality, the average residual times in
an overlap region and a sub-RSR region can be expressed
as

(35)
(36)

1/ =overlapratio(1/puec — 1/pr)
1/NRSR = SUb—RSB'atiO(].//J[ — 1/“1]\,1)

where the overlap_ratio and the sub-RSR_ratio are not
constant but depend largely on the shapes and the sizes
of the overlap region and the sub-RSR region and the
mobility model.
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Fig. 6. A state transition diagram for the Markovian model.

3) To find the average power ratig;, of a soft handoff call,
the received signal power from a user locate@aty) in
an SHRygop region is given by

gsh(uv v, 5[ - 50)
(TO/TI)NPC 10(51 _50)/107 if 5[ - 50 < 10n1)c

_ logyo(r1/70)
1, if &r—&o > 10n4,.
logo(r1/70)
(37)
where
rrandro  distances to the two BSs from an MS, respec-

tively;

ku

wsr Psp g (1 gy

s pwe (-G A 2P (1)

HRED{ g P g g +P gy g}

v

&randés  Gaussian random variables representing log-
normal fading of the two channels between an
MS and the BSs;

Tipe propagation constant.

The two Gaussian random variables are assumed to have
zero mean and identical variance equattdhus,gg;, can
be obtained as

s = (1/§0r) //S /gsh(uv v, SI - SO)d(SI - SO) dSor

(38)
wheresS,,, andS,,. denote the overlap region and the size
of the overlap region, respectively. Asrop varies with
a = 1, the values ofg,, are obtained by a numerical

integration fom;,. = 4 ando = 8, and the resultis shown
in Table I.
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4) The pdf of the normalized other-cell interference is as- TABLE |
sumed to follow a gamma distribution, which is expressed ~ THE VALUES OFAVERAGE POWERRATIO gz, BY SOFT HANDOFF
as doror | 0.1 0.2 0.3 04 05
Gsh 0.21452 | 0.19166 | 0.17363 | 0.16202 | 0.15541
1 .
fléj (Z) — F_ hl/zuflefhz (39)
(v) digital European cordless telecommunication (DECT) specifi-

where ['(x) is a gamma function. The mean and th&ations [16], [17]

variance of the normalized other-cell interference can be

translated into the parameters of the gamma distribution GoS= P + fuPus- (40)
using B{I,} = v/h andvar{I,} = v/h?. The mean
and variance off/, are assumed to be proportional t

home-cell interference with two coefficients, and f, %rom a Gos comparison, the performance of the proposed and

, , the fixed schemes is evaluated when the fixed reservation size is
asE{I,} = fmn, andvar{I;} = f,n,. The factors of ) . . X
. _set such that the capacity of the fixed scheme is maximal. Thus,
fm andf, are assumed to be 0.57 and 0.22, respective K . . . .
S T e comparison shows the effect of the pilot-sensing reservation
from [10]. The gamma distribution is a better mode !
: RS _mechanism of the proposed scheme on the system performance
than the Gaussian distribution because of a better fit t? : :
. . at the balanced point of the new call blocking and soft handoff
simulation results [10]. . o
failure probabilities.

Fig. 8 shows the GoS reduction in percentage of the adaptive
reservation scheme compared to the fixed reservation scheme
for varying the size of reservation regiafiir ). Since the value
Analytical results in steady traffic conditions and simulatiof?f Cr in the fixed reservation scheme s adjusted to have max-

results in both steady and dynamic traffic conditions are pr|0n_1um capacity, the GoS reduction of the proposed scheme is

vided in the following presentation. For a steady condition of ths‘e':nall when the offered load is the system capacity, i.e., approx-

. Imately 5 Erlangs in this example. However, the percentage re-
offered load, the performance of the proposed scheme is fou iction in GoS becomes steeply larger as the offered load de-

based on the analytical derivation of Section Ill. Simulation fo reases. This reduction is significant because cellular systems
the proposed scheme in a cell is made in order to verify the afas S 9 yster
hardly experience offered loads larger than the system capacity.

lytical results and to find the performance in a nonsteady condi- _. ) .
tion, i.e., for the offered load with varying means. Itis assuméj Fig. 8, a difference in GoS between Cases A and B can be

that a cell can support a TAIL value of 15.8 in a homogene08 served because additional reservations are mafig.asbe-

cell structure in steady state with parameter value$lof= ngss.ulsetsg :h:ﬁ%zﬁpo(f)ai;A bf},cc?g]aessegﬁi (BBOan?gguc-
1.2288 Mcps, R = 14.4 kbps,» = 1, N,W/v max(Sy) = 1 J 9 ) PERSR ’

dB, and(E, /No)eq = 7 dB [see (3)]. Additional parametertion increases because more capacity is dynamically reserved
val,ues ares — 1 2’“ —01d — 0.2, overlapratio = according to user requests. Fig. 9 shows the average size of re-
— 1, 4ADD — V.4, UDROP — V.4, —

e i o s s copecty v e e s, Te s of
Thin = 20000 s, andA = 0.01. N pacity vari plively 'ng ’

1) Capacity Comparison in Steady ConditionSystem ca- and the variation is larger aksr, increases. ,
pacity is defined as the maximum value of the offered load in Table I shows the GoS valu_es of t_he proposed and the fixed
Erlangs at which both the blocking probability is less than?.0 schemes tha_t are found by S|mulat_|0n when the mean of the
and the soft handoff failure probability is less tharm 20Fig. 7 offered load is changed every 30 min by the sequentes -
shows the system capacities of the proposed and fixed resefie Lot +1, Lo + 2, Lo + 3, Lo +4}. The percentage

o > o ; .
tion schemes by both numerical analysis and simulation. TI:]edUCtIOI’l in GoS is 9.5% whebg is 0.5, i.e., the mean of the

simulation results agree very well with the analytical ones. TR ered load varies between 0.587 and 5.279 Erlangs.

capacity of the fixed scheme increases with value€'gfless
than 2.4 because the soft handoff failure probability decreases
and, when the value af's is larger than 2.4, the capacity de- An adaptive channel reservation scheme for soft handoff has
creases because an increase in the new call blocking probabliiéen proposed in DS-CDMA cellular systems. The proposed
limits the capacity. The value @ g at which the fixed scheme scheme reserves an amount of channel capacity according to
has the maximum capacity can vary as the handoff call rate amgkrs’ requests in order to minimize excessive reservations of
the size of handoff region vary. The capacity of the proposetiannel capacity. It also includes a procedure to keep a balance
scheme is always larger than for the fixed scheme becausbdtween new call blocking and soft handoff call failure proba-
is maximally managed by the proposed balancing algorithm lilities.

Fig. 3. The performance of the proposed scheme is investigated
2) Grade of Service Comparisonto compare the adaptive using a Markovian model and is verified by simulations. The
scheme with the fixed reservation scheme, the weighted sunpobposed scheme is an improvement on the fixed reservation
the new call blocking and handoff failure probabilities is introscheme because it has larger system capacity than the fixed
duced as a measure of grade of service (GoS), referring to foheme even if the reservation size of the fixed scheme is

B. Numerical and Simulation Results

V. CONCLUSION
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1.0 for K > 0 andC'r = 2.4 for the fixed scheme).

Logs

GoS

The proposed
scheme

The fixed
scheme

% Reduction

0.5

0.009255

0.010227

9.5

1.0

0.015929

0.017138

7.1

2.0

0.039048

0.041229

5.3

3.0

0.077698

0.084080

7.6

adjusted so that the system capacity is maximal. A considerable
reduction of the proposed scheme in GoS compared with the
fixed scheme is obtained in the normal operating range of
cellular systems. The proposed scheme can be used in various
practical situations with robustness to varying soft handoff
traffic.

APPENDIX |

To derive (11), soft handoff attempts without reservation
requests are classified into two types. The first type is a soft
handoff attempt originated in an SHRp region with the
number of attempt&prc_s. The second type is a soft handoff
attempt originated in a non-SHRp with the number of
a‘f'temptsKDRc_Ns. Kprc_ s is considered first. There are
two cases where a call in an SHRop region makes another
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handoff request. The first case is a communicating MS moving[4]
to another overlap region. The second case is a communicating

MS moving to an inner region and then moving to an SR

(5]

region. In the first case, a soft handoff attempt is required

without a reservation request. Thus, the conditional probablllty[

Pr{Kprc_s = | Ka_s = k} can be written as

P{Kprc_s =|Kwm.s =k}
PP

{ k—1
_ C Pb a
—k ’(Pb+PaPI> <Pb+PaPI>

fork=1,2,...,andl=1,2, ... k.
(41)

. 1
The average number of handoff attempts without reservation

requests can be derived as
Koros =Y IP{Kpres =1}
=1
= le P{Kprc_s = l|Kins =k}

=1 k=l
. Pr{Ksh g = k}

Zzlc l' PP k1
B A Pb+PPr Py+ P, Pr

k=11=1
. Pr{Ksh_s = k‘}

=N k(" 10
S k() D
P,Pr

-1 k—1
<Pb—|—PP[> <Pb+PaPI>

- Pr {K';h S = k}

k=1

_ P,
:K51 G
b <Pb +PaPI>

In a similar way,K prc_ns can be derived as

(42)

—_ R P )
Kprens ={Kans — (1 - Pp)Pr} <B)+7;)})I> ‘
(43)

—+ (1 — PB).
Therefore, K prc in (11) is verified as

Kprc = PsKpro.s + PnsKpre Ns- (44)
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