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Abstract. Registration/deregistration with a mobility database callisitor Location RegisteréVLRs) is required in a PCS network when a mobile phone
moves between registration areas. Several schemes were proposed to deregister a mobile phone after it moves out of a registration area. Aesimple schem
called implicit deregistration, is studied in this paper, which does not specifically deregister any obsolete record in the VLR. If the VLR is fall when
mobile phone arrives, a record in the VLR is deleted and the reclaimed storage is reassigned to the incoming mobile phone. It is possible that a valid
record will be deleted. If so, the VLR record of a mobile phone may be deleted before a call to the mobile phone arrives. Our previous work assumed that
the incoming call setup would be lost. In this paper, we propose forced registration to restore the VLR record before the call setup operati@dcan proce
With this modification, implicit deregistration totally eliminates the deregistration traffic at the cost of creating some forced registftion traf

We derive the record-missing probability and the portion of the network traffic saved by implicit deregistration. Our study indicates that implicit
deregistration with forced registration may significantly reduce the deregistration traffic if the user mobility is high and the number of masils ghon
registration area is not very large.
Keywords: implicit deregistration, mobility management, personal communications, visitor location register

1. Introduction eration can be performanhplicitly. In this implicit scheme,

the record of a mobile phone is not deleted from the VLR
In a personal communications services (PCS) network, r&ghen the mobile phone leaves that RA. Thus, the deregis-
istration is the process by which mobile phones inform theation traffic is totally removed. If the VLR is full when
network of th_eir current Iocations;e(gistra_tion areaor_RA). a mobile phone P arrives in that RA, the implicit scheme
When a mobile phone enters an RA (either when it is POWgetes a record and the reclaimed storage is reassigned to P.
ered on or when it moves between registration areas), it r'qfp assume that the deleted record is selected randomly with
isters at thevisitor Location Registe(VLR) c_orrespondmg equal probability. In doing so, a valid record may be re-
o the RA an.d the address of the new RA.'S reported to trﬁ?aced, and call setup to the corresponding mobile phone
Home Location Registe(HLR) of the mobile pho_ne [2.4, cannot follow the normal procedure. In [9], we assume that
11]. Note that a VLR may control several RAs. Without losﬁwe call is lost. In this paper we suppose that, instead of call

of generality, we assume that every VLR associates with et))(l'ocking, a “forced registration” operation is performed to

actIy_ one RA'.TO locate a mpblle phone, the HLR of th(raefc,tore the VLR record before call setup. The forced reg-
mobile phone is accessed to find the current VLR addressisotration operation is similar to the VLR failure restoration
the mobile phone. Using the VLR address, the mobile phofie b

is located. The VLR may be full when a mobile phone algperation [4] that restores the lost VLR records after a VLR

rives, and the mobile phone cannot access the services ﬁ%t_abase (_:rf"‘Shj In GSM, When a mobile phone makes a call,
vided by the PCS network. When a mobile phone leaves call origination _request is sent to the VLR. If the VLR
RA, or shuts off for a long period of time, the mobile phon&€cord for the mobile phone was replaced due to the exer-
should be deregistered from the RA so that the storage fof€ ©f implicit deregistration, the request is rejected. Then
the obsolete VLR record can be reused. However, both réa_e mobile phone is asked to initiate the location registration
istration and deregistration may result in significant amouRfocedure. After the registration, the VLR record is recov-
of network signaling traffic. Several approaches have be@fgd. Similarly, when a call termination is delivered to a
proposed to reduce the registration traffic. These approacAeabile phone, the VLR record for the mobile phone may
are described in [1,5] and the references therein. In this gt exist. The serving VLR queries the HLR for the ser-
per, we focus on reducing the deregistration traffic. vice information. Then, the targ&tobile Switching Center

In 1S-41 [2] and GSM MAP [4], the registration proces§MSC) is asked to initiate paging of the mobile phone in all
ensures that a mobile phone’s registration in a new VLRAs of the serving VLR. If the paging is successful, the lo-
causes deregistration in the previous VLR. This approachtion information of the VLR record of the mobile phone is
is referred to asxplicit deregistration Like registration, recovered. In the above call setup procedure, the network is
such deregistration may create significant traffic in the néforced" to perform registration to recover the VLR record
work [10]. In [9], we suggested that the deregistration ofer a mobile phone.
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Mobile phone P enters the registration area P leaves the registration area time 7 (the period between two consecutive call arrivals)

- o - is exponentially distributed with mean/ A
T - > e The RA residence time; has a general density function
- 2 > .
1 ) ) | fm (t1) with mean .
t YR YR ty
Previous call to P Current call to P Since the Poisson call arrivals are random observers to the
prrent caltto RA residence times, following the residual life theorem [7],
Figure 1. The timing diagram. the density functiom,, (z3) for z3 is

In our approach, implicit deregistration totally eliminates
the deregistration traffic at the cost of creating some forced
registration traffic. Thus, it is important to study when a
PCS network can significantly benefit from implicit deregwhere F,,(-) is the distribution function off,, (-). The den-
istration when compared to explicit deregistration. gt Sity functionf(z) for r = min[z2, 3] is
be the deregistration traffic saved in implicit deregistration ~ ~
(compared with explicit deregistration) apg be the extra ¢ () :/ )\ef“zrm(t)drz—i—/ A1, (13) drg
traffic created due to forced registration. The porfaof the T

rm(T3) = 77/ Jm () dt = 77[1_ Fm(f3)]a ()
=13

2=T 3=T

network traffic saved in implicit deregistration is expressed — e—kr{,m(t) +A[1— Ru(w3)]}, (3)
as

_ p1— o2 1 where R,,(-) is the distribution function ofr,,(-). The

B = w1 1) Laplace transforny*(s) for the t distribution is

whereq is the ratio of a deregistration cost to a registration 00
cost. In a typical mobile phone network,4 o < 2 (e.g., () =/ e f(r)dr
FarEasTone GSM network). K is negative, then it implies =0 ) .
that the cost of implicit deregistration with forced registra- _AsHATH ns(d— fu( + S)). (4)
tion is higher than explicit registration. (s +1)2

In this paper, we usg to investigate the performance of . . :
implicit deregistration with forced registration. The number of mobile phones in an RA changes from time

to time. Let the expected number be If N is sufficiently
large, the mobile phone arrivals (i.e., registration traffic) can
2. The analytic model be approximated by a Poisson process with tste [8].
Also, the net call arrivals to the mobile phones in the VLR
This section proposes an analytic approach to model implié@rm a Poisson process with raté.
deregistration with forced registration. Consider the timing Let M be the database size of the VLR. If the VLR record
diagram in figure 1. Suppose that the mobile phone P entegplacement is done (uniformly) randomly then
an RA at timerg, and leaves the RA at time. Then the
residence time of P in the RA ig = t3 — fo. Suppose that qg= M-1 (5)
a call to P (either a call origination or a call termination) M
arrives at time, (wherer; < 2 < r3), and the previous call
to P arrives attime;. Then the inter-call-arrival time i =
to—t1. Itis clear that before, 11 andr, P’s VLR record may
not exist if implicit deregistration is exercised and the recortﬂ
is replaced. We note that at timgsr; andr,, P always has a aq

is the probability that the VLR record for a mobile phone P
is not selected for replacement.

Let p be the record-missing probability that when a call to
e mobile phone P arrives (i.e., the current call in figure 1),
e VLR recordp of P does not exist. Thatigp is removed

record in the VLR (which is potentially restored by a force n the periodr either by a registration operation (with rate

registration). On the other hand, the VLR record of P ma :
be replaced during the perigthax(t, 1), t2] (in figure 1, n) or a call request to another mobile phone whose VLR

. : ) record does not exist (with the rapeVv), andrp is selected
maxto, t1) = t1) if a registration or call setup for another, . o
. 4 . or replacement (with probability + ¢). Note that the rate
mobile phone selects P’s record for replacement during t

e : . ) o
period. Let the length of this period be — min(z, 73), or the ca!l arrivals to the r_n_obll_e phones mthe_VLR is given
. N2. Since the probability is the record-missing prob-
wheretz = r» — tg represents the period between when P/ .. . ’
. . -ability that when a call to the mobile phone P arrives, the
enters the registration area and when the current call arries,
at P. Thusg is the period during which the VLR record of P

record of P does not exist. ThugNA is the rate of
may be replaced when the current call to P arrives. To deri\C/’%‘II requests for which the corresponding VLR records do
B in (1), we make the following assumptions:

not exist. Based on the above discussion, the rate of opera-
tions that may cause the replacement of a VLR record is
e The call arrivals to a mobile phone are a Poisson process
with the call arrival ratea; i.e., the inter-call-arrival 2* = (n+ pA)N. (6)
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Furthermore, the numbéf of such operations in periad positive numbep in (0, +-00), we have §¥) (s) denotes the
is a Poisson random variable with the probability mass funith derivative of the functiorX (s))

tion [7] N AN
Dy — _ D)
oy g7(p=—f [(n+pk)<—)}< ) >0
Pix = nj = LD g M)\ m

n!

and
Thus, the record-missing probabilipycan be expressed as

N\T/ N2
o (& s (p) = —f*<2>[(n + pM(—)](—) <0,
p:l—/ Y q"PiX =nl{ f(1)de M M
=0

n=0
1 i { (—gA*")" |:dnf*(s) j|} o ( ) al _ .
n! dsm | _,.]) g(p) is a concave function, and it is also an increasing func-
n=0 tion in [0, 1]. Sinceg(0) > 0 andg(1) < 1, we conclude
Observing thatf*(s) is analytic in the right complex that there is only one point i0, 1) at whichp = g(p),
plane, so by using power series expansion, we have thus, the solution op = g(p) is unique in(0, 1). Next, we
0 o en C o prove the convergence of the iterative algorithm. hgde-
Z { (=)" () [d Jf*(s) ” — f*(A*(1—¢q)). (8) nNote thenth iteration obtained from the iteration algorithm,

where we have used the fact thgt(s) < 0 and
f*@(s) > 0 on the positive real axis. We conclude that

= n! (o KL U then we havey,+1 = g(p,), from which we have
From (4) and (8), (7) can be rewritten as Pn+1— Pn=8(pn) — &(pn-1)
p=1—f*(2*1—9) =P ) (pn — pu-1)
AZ 4 0A —nA[l— fX(A+ )] -
= e : ©) =[P om] - [¢P D)1~ po). (12)
whereA = A*(1 — q). wherery, rp, ..., r, are the intermediate values from the
We notice that from (6) and (5) we obtain mean value theorem. By nOtiCing tlﬁﬁtl) (p) > 0 for any
value in(0, 1] and (11), we observe that if; > po, p, is
p— <77 + pk) <ﬂ> (10) nondecreasing; ip1 < po, pn IS nonincreasing, thus, the se-
1-¢g M guence p, } is a monotonic sequence. Besides, the sequence
thus, (9) is not affected by or M individually, instead, (9) is obviously bounded. Hence, the sequence will always con-
is affected by the ratiov /M. verge and it will converge to the unique equilibrium point.
With (9) and (10), the unknowp can be computed by With the above iterative procedure, we will demonstrate
using the following iterative procedure. the effects of input parameters suchias; anda on the
o record-missing probability and the portiorg of the net-
Step 1. Select the initial value fop. work traffic saved in implicit deregistration with forced reg-
Step 2. Computer* based on (10). istration.

Step 3. Let poig < p.
Step 4. Computep based on (9).
Step 5. Lets be a predefined small value.|f— poig| < 8p, 3. Numerical results
then exit. Otherwisepolg < p and go to step 2.
. I This section investigates the performance of implicit dereg-
When the procedure exits at step 5, fnealue will give istration with forced registration based on the analytic model

the desired value. The above iterative procedure has be er\]/eloped in the previous section. We assume that the

extensively used and_ validated b)_/ experiments [81' Here_ ‘KA residence times have a Gamma density function with
want to prove analytically that this iterative algorithm will . A
mean ¥n and variancer. The Gamma distribution is se-

converge to the unique solution. Let lected because it can approximate many other distributions
(n+ pAMN as well as experimental data [6]. The Laplace transform for
M ’ the Gamma RA residence time distribution is

gp)=1-f"FAl-9)=1- f*(

which is the right-hand side of (9). We first show the exis- . 1 \Yo

tence and uniqueness of a solution for the equation (9). No- fn(s) = 15 os . (12)
tice thatf*(s) is the Laplace transform of a probability den- . )

sity function, which is analytic in the right complex plane oM (12), (9) is rewritten as

Leti(p) = p — g(p), we haver(0) = —g(0) = -1+ A2 £ 3A — nATL — (14 nvA + nor)-Y/02)
FH(IN/M) < 0andi(l) = 1-g(1) = f*(1+N/M) >  p= AR Qr Ay ) )

; . (A+1)2
0, from the mean value theorem, there is a solution for (9),

i.e., there exists @* in (0, 1) such that:(p*) = 0. For any whereA = A*(1 — q).
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Figure 2. Effects of./n on p. Figure 3. Effects of/n on g (¢ = 1).

In appendix, we partially validate (13) for the case when ) ) . o
the RA residence time distribution is exponentially distripP0rtion of deregistration traffic can be significantly reduced

uted. if the expected number of mobile phones in an RA is not
From (13) and sincg.1 = Nn andus = pNA, (1) can Very large or the mobile phone’s mobility is high. Specifi-
be rewritten as cally, for N < 0.5M, implicit deregistration is beneficial to
i a PCS network iiv/n < 4 (the number of calls to a mobile
B=1-— <7> phone is less than 4 when the mobile phone is in an RA).

In practice, a PCS service provider can partition the VLR
A2 4 2A — nA[l— (1 + nvA + qua)~ Y00 storage into two parts. The first part of the storage is used for
x { (A + 1)2 } mobile phones with low mobility where explicit deregistra-
(14) tionis exercised. The second part of the VLR accommodates
the records for mobile phones with high mobility where im-
whereA = 1*(1 - q). plicit deregistration is employed.
Based on (13) and (14), we investigate the performance Figyre 3 also indicates thatis more sensitive ta,/ for
of implicit deregistration with forced registration as followsg largeN/M than a small one. In other words, when the
number of mobile phones in the system is large, the ratio of
3.1. Effects of./n the call arrival rate to the mobile phone’s mobility rate sig-
bﬂjficantly affects the performance of implicit deregistration
é/vith forced registration.

Based on (13), figure 2 plots the record-missing proba

ity p againstx/n (the expected number of calls to a mobil

phone when the mobile phone is in an RA) wilhi M = 0.1,

0.3, 05 andv = 0.1/52, 1/52, 10/52. The figure indicates 3.2. Effects ob

that p decreases significantly an increases, especially

whenN/M is large. That is, if the call arrival rate is lowBoth figures 2 and 3 demonstrate how the variancé the

or the mobile phone’s mobility is high, it is more likely thatGamma cell residence time distribution affects the system

when a call arrives, the corresponding VLR record has beparformance with a fixed mearyi. Figure 2 shows that

replaced. The figure also shows an intuitive result that &s v increases, the record-missing probabilityincreases

N/M increasesp increases (the more the mobile phones ifapidly, especially for the case whekgn < 2.5. Fig-

the VLR, the higher the record-missing probability). ure 3 shows that the portighof the network traffic saved in
Based on (14), we compute the portiprof the network implicit deregistration decreases asncreases. Moreover,

traffic saved in implicit deregistration with forced registrawhenv < 1/52, the variance of the RA residence time dis-

tion. The results are plotted in figure 3, wheXe M = tribution only has insignificant effects gmand 8. On the

0.1,0.3,0.5,v = 0.1/72, 1/n%, 10/n%, anda = 1. The fig- other hand, whemn > 1/52, p and 8 are significantly af-

ure indicates that by exercising implicit deregistration, thiected byv.
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of transmission, the search cost can be ignored.

______ =10 i@ =10 e Database revisitA mobile phone may revisit a VLR that
907 Tiezls 804 “olasah already has an (undeleted) entry for the mobile phone.
B j;g:}{)’]:i 70 sz 7 A search operation is required to reuse the entry for the
80\ N e v =0./p? R\ e =0l current visit of the mobile phone. Compared to the cost
N

(%)

—20 4

304

—40 4

—50

e Deregistration cost savingThe deregistration cost sav-
ing depends on the message delivery distance between
the HLR and the new and the old VLRs. The actual cost
estimation may significantly vary from one PCS network
to another. For example, the cost of a deregistration op-
eration is roughly estimated as 50% of a registration op-
eration in a GSM operator in Taiwan.

Our study suggested that a PCS service provider can par-
tition the VLR storage into two parts. The first part of
the storage is used for the mobile phones with low mobil-
ity where explicit deregistration is exercised. The second
part of the VLR accommodates the records for the mobile

phones with high mobility where implicit deregistration is
employed.

This paper only considered a simple uniform random re-
placement policy for implicit deregistration. We anticipate
that the scheme will be more effective if a sophisticated re-
placement policy is used. Thus, the design and modeling of
new heuristics for record replacement will be an important
Figure 4 plotsg as a function of./n ande. It is appar- future research direction for implicit deregistration.
ent that with fixed mean and variangedecreases as in-
creases. The non-intuitive result is thiats more sensitive
to 1 /n for a largex than a small one. We observe that wheAppendix. Validating the p derivation for the case with
N/M < 0.3, 8 is positive even ifi /5 is large. However, for exponential RA residence times
N/M = 0.5 anda = 2, 8 is negative for the cases where
A/n > 3. Thatis, if the number of mobile phones and the raZonsider a special case wheigs exponentially distributed.
tio of the deregistration cost to the extra forced registratidn this case (2) and (3) are rewritten as
cost are large, a PCS network cannot benefit from implicit
deregistration with forced registration.

A A
(a) N/M =03

Figure 4. Effects o& on 8.

3.3. Effects of

rm(0) = fu(t) = n€”" (1) = O+ e *HT,
vy At
f (S)_7S+)»+n'

Substitute (A.1) into (7), replace’ by (n + pA)N, and let
This paper proposed an analytic model to investigate the= N /M. We then have
performance of implicit deregistration with forced registra-

(A.1)
4. Conclusions and future research

tion. The portiong of the network traffic saved when im- p=1- At
plicit deregistration is used is considered as the output mea- A+n+r(1-q)
sure. The study indicated that the expected number of mo- oOn+0Arp a+bp

bile phones, the mobile phone’s mobility and the ratio of a - @+Dn+r+6rp T +bp’ (A-2)

deregistration cost to a registration cost significantly affecth q laci

the performance of. Furthermore, we observed thatis V"€€¢ 2:.9’7’ b= “,han c = (9 + 1)n + A. By replacing

significantly affected by the variance of the RA residenc‘éby 1/n%in (13), we have

time d|_str|but|on. _ _ A2 £ AA — nA[L—1/QL+ A/ + /)]

Besides the performance @f several issues regarding p= 5

L o Pe . ; . (A+ )

implicit deregistration were discussed in [9]. Some addi- om0 b

tional issues are discussed here: — n+9rp _ator
@+DDn+r+60rp c+bp

(A.3)

e Effects of database failureWhen a mobility database
fails, the records are recovered through radio contasthereA = 1*(1 — g).
from the mobile phones. Thus, the failure restoration Itis clear that (A.3) is the same as (A.2). Thus, we par-
procedure [3,4] for systems exercising implicit deregigially validate (13) for the case when the RA residence time
tration is the same as IS-41 or GSM MAP. distribution is exponentially distributed.
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Both equations (A.2) and (A.3) can be rewritten as Director of Microelectronics and Information Systems Research Center,

Since 0< p < 1 andab > 0, the only solution for (A.4)
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