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Reducing Registration Traffic for Multitier
Personal Communications Services

Kun 1l Park, Senior Member, IEEEand Yi-Bing Lin, Senior Member, IEEE

Abstract—This paper presents an architecture for the multitier network-signaling protocol, a low-tier system operating at
personal communications system (PCS) and intelligent algorithms the licensed frequency band based on the licensed PACS
for mobility management (specifically, the registration proce- (the licensed low tier) [2], and a low-tier system operating

dure). The multitier PCS system architecture considered in this . th i df band based th I d
study integrates three individual tiers: a high-tier system, a In the unficensed frequency ban ased on the unlicense

licensed low tier, and a unlicensed low tier. These three tiers are PACS system, i.e., PACS-UB (the unlicensed low tier or
integrated into a single system by using a single home-location unlicensed tier for short) [9], [10]. The three tiers are tied

register (HLR) or the multitier HLR (MHLR). Under this ar-  together into a single system by connecting the individual
chitecture, we describe a registration protocol, where the mobile iars yisitor location registers (VLR’s) with a common home-
station (MS) is allowed to register to the MHLR on only one tier location register (HLR) called multitier HLR (MHLR). Both
at any given time. We propose several intelligent algorithms for ) X . . :
the MS to determine whether to perform registration or not in  the high- and low-tier VLR’s communicate with the MHLR
various situations to reduce the registration traffic. using 1S-41 over signaling system 7 (SS7). In concept, the
Index Terms—Mobility management, multitier, personal com- u_nlice.nsed tie_r system can have the same grchitecture as the
munications, registration. high-tier and licensed low-tier system. In reality, however, the
two most likely applications of the unlicensed tier system are
the wireless private branch exchange (PBX) and the home-
|. INTRODUCTION base unit, both of which need to be treated differently from
IRELESS technologies are often grouped into “highthe other two tiers. In Fig. 1, the wireless PBX and the home-
tier" and “low-tier" technologies. Although there isbase unit represent the unlicensed tier systems. In the case
no formal definition of these terms, high- and low-tier techef the wireless PBX, the VLR may be part of the PBX or
nologies are distinguished by several characteristics. Highay be a separate entity, such as the “wireline VLR.” In both
tier technologies use a high-radio-transmitting power wittases, the VLR would communicate with the MHLR using
antennas mounted on tall towers covering a large area dB8d41 over SS7. The home-base unit application may work as
are designed to operate at high vehicular speeds. On the ofielows. As the user comes home with the mobile station (MS),
hand, low-tier technologies use a low-radio-transmitting powéte home-base unit would sense its presence and automatically
covering a small area (i.e., a microcell) and are intended d@al a preassigned number at the switching service point (SSP).
operate at low (e.g., pedestrian) speeds. A low-tier systeéiiternatively, the user can dial the same number manually.
would be cost effective for high-density environments, sudh either case, this call to the SSP would trigger a sequence
as metropolitan areas and urban residential areas, wherea@ad message exchanges between the SSP and service control
high-tier system would be cost effective for covering largpoint (SCP) and between the SSP and the home-base unit
areas. The motivation for theultitier systeni6], [8], [11] is to register the MS on the SCP. The SCP would then inform
to integrate the high- and low-tier systems into a single systalre MHLR that the MS is registered at the SCP. The SCP
to provide the advantages of both tiers in an integrated manniarthis case functions like a VLR. The automatic operation
We describe the multitier architecture and its registratiasf the home-base unit would require a slight modification to
protocol for roaming management. Then, we propose atids protocol to replace the announcement used for the human
analyze several intelligent algorithms to reduce the amousperator with dual-tone multifrequency (DTMF) tones for the
of registration traffic. home-base unit.

Il. THE MULTITIER PCS §STEM ARCHITECTURE lll. REGISTRATION AND CALL DELIVERY

Fig. 1 illustrates a multitier PCS system architecture. This Registration is a process by which the current location of the
architecture integrates three individual tiers: a high-tier systeMs is updated in the appropriate data bases, such as the VLR
(e.g., AMPS [1], 1S-95 [4], or IS-54 [3]) using the IS-4land MHLR. Registration is required as the MS moves from

. . . one registration area to another. We consider a registration
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Fig. 1. Multitier PCS system architecture.
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Fig. 2. Multitier registration. (1) Registration on licensed low-tier registration area 1. (2) Registration on high-tier registration areaefjis(Btian on
licensed low-tier registration area 2. (4) Registration on unlicensed low-tier area 2.

unlicensed tier is unavailable, but the low tier is available, thenFig. 2 illustrates the occurrences of registrations as the MS
the MS will be in the low tier and ignore the high tier. If bothmoves from the unlicensed tier into a licensed low tier, from
the unlicensed and low tiers are not available, then the M&e licensed low tier into a high tier, from the high tier
will receive services at the high tier. The above rules follownto another licensed low tier, and, finally, from the licensed
the fact that the service cost in the unlicensed tier is the lowdsiv tier into another unlicensed tier. Note that when the MS
among the three tiers. The cost for the high tier is the highestgisters at a new tier, the registration to the previous tier is
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Fig. 3. Registrations in a single-tier system.

cancelled. As a reference for comparison, Fig. 3 illustrates the as in Case 2). If the licensed low tier becomes
registrations in a single-tier system. unavailable, Case 1) is exercised.

Call delivery refers to the process of locating the called Case 4) When the MS is in the high tiefhe MS also scans
mobile user and establishing a connection from the calling both the unlicensed and licensed tiers. If either
party to the called party, i.e., the mobile user. Note that of the low tiers is available, the MS switches to
in our multitier registration protocol, the MHLR keeps the that low tier (where the unlicensed tier has higher
registration record of the MS on one tier at any given time. priority over the licensed tier). If the high tier
When the MHLR receives a location identification request for becomes unavailable, then Case 1) is exercised.

an incoming call to the MS, it simply queries the VLR of 14 simplify our discussion, the remainder of this paper only
the tier on which the MS is currently registered, and, base@nsiders the two-tier system (the high tier and the licensed
on the temporary local directory number (TLDN) supplied by, tier). The extension to the three-tier system is trivial.
the VLR, the call is routed to the appropriate switch. In othg§,ceq on Case 4), an MS registers to the low tier when it
words, with the SR method, the call-delivery algorithm is thg,,\e5 from the high to the low tier (i.e., when the MS detects
same as that in a single-tier system. that the low tier is available). In some cases, the movement
into the low tier istransient—the MS will move back to the
high tier shortly. An example is that the mobile user is driving
IV. INTELLIGENT ALGORITHMS FORMS REGISTRATION in the highway, where the low tier is not available due to the

Since registrations are required when an MS switches tidgh speed of the vehicle. The vehicle may stop at a toll booth
in the multitier system, the operation of such a system m&yd then speed up again. When the vehicle is “temporarily”
significantly increase the network-signaling traffic. This seddle, the MS may detect the availability of the low tier and
tion proposes intelligent algorithms to reduce the amount §9ister to the low tier. 5 min later, the MS will lose the
registration traffic for the multitier system. These algorithmsontact to the low tier and have to reregister to the high tier
are exercised at the MS to determine whether the registratR@in- During the 5 min, the MS may not receive any phone
operation must be performed without changing the netwof@ll, and the two registrations are not desirable. To avoid the

protocols of registration. We first describe the tier-registratigitra registration traffic due to the transient situation, three
criteria. registration strategies are proposed.

Case 1) When the MS is first turned ofThe MS sequen-
tially checks the unlicensed tier, the licensed low
tier, and then the high tier. If all three tiers are not
available, the MS keeps monitoring the three tiers.

Case 2) When the MS is in the unlicensed tidthe MS
then monitors the unlicensed tier only and ignores
the other two tiers as long as the unlicensed
tier is available. If the unlicensed tier becomes
unavailable, Case 1) is exercised.

Case 3)When the MS is in the licensed low tifthe MS
monitors the licensed low tier and also scans the
unlicensed tier. If the unlicensed tier becomes
available, the MS switches to the unlicensed tier

1) Fixed delay registration (FDR)When the MS detects
that the low tier is available at time, it does not
register to the low tier immediately. Instead, it waits
for a fixed periodl, and actually registers at the end of
the delay period if the low tier is still available. During
the period?y, a call termination is handled by the more
expensive high tier. Two output measures are considered
to evaluate the delay registration: the probability,
that a registration is required &t 7y (i.e., the low tier
is still available at timet + 7};) and the probabilityp .y
that a call termination arrives during,¢ + 7] (and
is delivered by the high tier). Note thate, and pcan
are conflict goals, which complicate the selectioripf
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The delay}; should be carefully chosen to satisfy the 0.4
network design goals. The value @f; for an MS can

be preassigned based on the user profile. However, the 0.3 |
user mobility may change dynamically, and the fixgd

approach may not be effective. Pres 0.2 5
2) Adaptive delay registration (ADRThis algorithm is the o and e: adaptive
same as the FDR except that it automatically adjusts 0.1  Solid curve: fixed
the regqistration delay; to accommodate the changing
of the user mobility. Suppose that an MS is originally 0.0 T T T T T
0.5 10 15 20 25 3.0 35 40 45 50

in the high tier. The MS detects that the low tier is

available at timet.

a) Case 1).A call arrives during[t,t + Ty]. This case
indicates that the selection df; is too long. The Fig. 4. Comparing the fixed and the adaptive registration dejays: o: one
MS decreaseqd;. call arrival_ per _50 min;o: one call arrival per_25‘minpr_cg: the probability

b) Case 2).NO call arrives durinqt,t + Td], and the that a registration is required after the low tier is available.
low tier is still available att + 7;. This case may
imply that the selection of; is too short and may

Ty (delay registration period; unit: minute)

not be able to capture the transient situation. The 0.08

MS increasesl;. EEZ: S
If the MS originates a call durinff, t+ 7], it selects the 0:05 B ;,oa;da:daj:}:jecmesv el
appropriate tier for the service and the delay-registraton ,, . ., e
timer is disabled. The initiall;; value for the MS is 0.03
arbitrarily chosen (our performance study indicates that 0.02 -
the initial 7 value does not affect the results). When 001 4
the MS decrease$}, the reduction may be based on 0.00 ——————
several criteria. For example, suppose that the goal is to 05 10 15 20 25 30 35 10 45 50
make sure thap.,; < 0.05. In Case 1), the MS may T, (delay regisiration period; unit: minutc)

decreasdl; based on the,,) statistic collected so far.

. L
It Pean > 0.05, the MS may significantly reducéy ig. 5. The comparison of the fixed and adaptive registration delays:

. " F
(e.g., the new value will be 0.1 times of the old value)jig curve: fixed with one call arrival per 50 min; Dashed curve: fixed with
and if p.an < 0.05, the MS may moderately increaseone call arrival per 25 mino: adaptive with one call arrival per 50 min;

T, (e_g_, the new value is 1.05 times of the old value da_lptive vyith one_call_arrival per 25 mip{a‘”:_ the p_robability that a call is
Another possibility is to consider the past “history” in elivered in the high tier when the low tier is available.

Case 1). If calls arrived during the last two registration

delays, therify is significantly reduced (e.g., by 24% in

our experiments). Otherwis@}, is moderately reduced for A = 10X; (i.e., one call arrival per 50 min) arzb); (i.e.,
(e.g., by 60% in our experiments). Similarly heuristicone call arrival per 25 min), the expect& in the adaptive
can be used in Case 2). algorithm is0.007/X; (= 3.5 min) and0.004/X; (= 2 min),

3) Event-driven registration (EDR)n this algorithm, the respectively. Bothp..; and p.., for the adaptive algorithm
MS does not periodically monitor the low tier. |nSteadare lower than the fixed’; approach at the sanig; values.
the MS looks for a low tier only if a certain eventthe improvement is not significant and probably not very
occurs: when It orlgmates.a call or JUSt_ aﬁgr rece'V'n‘f?nportant. The major advantage of the adaptive algorithm
an incoming call or when it loses the high tier. (with our selected parameters) guarantees ghat < 0.1 for

all A values and differeny values for the lower tier residence
V. PERFORMANCE OF THEINTELLIGENT MS ALGORITHMS  times (see Fig. 6). This goal cannot be achieved by the FDR.
This Section analyzes the performance of the intelligent Fig. 7 indicates that under the constraint thaf; < 0.1, the
MS algorithms. We first compare the performance of thgdaptive algorithm still reduces the number of low-tier regis-
adaptive algorithm with the fixed approach. The performanggtions when the variance ¢fis large (i.e.V = 1000). When
study is conducted by a discrete-event simulation approagl yariance of the, distribution is small (i.e.} = 0.001),

[7]. We assume that the interva), during which the low the transient situations seldom occur, and we expectyihat

tier is avallgble, has a Gamma d|str|put|pn \.N'th. melgn; is large. Note that in the real world, the variance of the low-tier
and the variancé’ [5]. (The Gamma distribution is selected™ " _ . . .
idence times is large, and the ADR is very effective. The

because it can be conveniently used to approximate mzﬂ?ﬁ _ ) i
other distributions.) We assume that the arrivals of the capw-variance case is meant to be included for the completeness
terminations are a Poisson process with the arrival pate of our study.

Assume that the mean low-tier available periBft;] = 500 ~ The ADR and EDR are compared as follows. Let the
min with the variancel” = 1000. Figs. 4 and 5 indicate that intercall-arrival time bé. and the low-tier available time (i.e.,
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02" 0.2 - solid: EDR
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0.1 1 solid: EDR 0.1
] . dashed: ADR
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Fig. 6. The probabilityp.,;; of the adaptive algorithm as a function of © C)
call_-arnval_ rate A _(E[t,_] = 500 min). Deall! _the pr_obab|||ty that a call is Fig. 8. The comparison of the ADR and EDR..: the probability that a
delivered in the high tier when the low tier is available. registration is required afer the low tier is availabjg.);: the probability
that a call is delivered in the high tier when the low tier is availablethe
lower available period£[t;] = 500 min). A: the number of call arrivals per
500 min.
NV —
0.9
0.8 variance case and = 0.001 for the low-variance case). The
0.7+ solid: low tier available time distribution with high variance flgure indicates that the ADR is better than the EDR in terms
0 dashed: low tier available time distribution with low variance of Peall- FOI’preg, the EDR is better than the ADR when the
Preg variance for thet; distribution is small.
0.5

In summary, our study indicates that the ADR is always

0.4 better than the FDR and that the ADR is better than the EDR in
0.3 —////I terms ofpcau. In terms ofp...., the ADR is better than the EDR
under certain cases and vice versa. Note that andp,., are

0.2

014 conflict goals in view of the delay period. In a PCS system,
0w several other factors contribute #g,;;. For example, no radio

. T T T

10 30 50 70 9 110 130 1.0 110 19 210 Cchannels are available, no network resources (e.g., the circuits
A (number of call arrivals per 1000 minutes) between the base stations and mobile switching centers) are
_ - _ _ _ available, or the network response times are too long (e.g.,
Fig. 7. The probabilityp:., of the adaptive algorithm as a function of cg| setup timer expires). In the intelligent MS algorithms, it is
call-arrival rateA (E[t;] = 500 min). pres: the probability that a registration | | del iod th lts/i db
is required after the low tier is available. useless t(_) se e_Ct a delay period that resu ts_p_&ﬁ- (caused by
delay registration) smaller than the probability of the lost calls
due to other factors. Thus, a typical guideline to engineering
the delay period is to minimizg,., based on @..; value

determined by the capabilities of other network resources.

t;) distribution bef;. For the EDR

o0 1
Deall = / / e Me fy(t)dtedt = 1 — f(\)
t;=0 Jt.=0

where f/(s) is the Laplace transform of; [12]. If f; is a
Gamma distribution with meaty \; and the variance/(vA?), We described an architecture and a registration protocol for
then from [12] the multitier PCS system. In the proposed registration protocol,

v v the multitier HLR keeps the registration of the MS on only one

’7)\1 ’7)\1 . . . . . . . T

THOE <—) and pen=1- <—) tier at any given time. Since tier switching may significantly
AL+ A AL+ A increase the network signaling traffic, it is desirable to reduce

In the EDR, if the MS detects that the low tier is available aftehe registration operations in a multitier system. For this
a high-tier call delivery, then it registers to the low tier. Thupurpose, we proposed three delay-registration algorithms: the

FDR, ADR, and EDR algorithms. These algorithms merely
determine when to register and are independent of the network
Fig. 8 compares the probabilitigg., and p..y for both protocols, that is, the algorithms do not change the registration

the ADR and EDR (in this figure} = 1000 for the high- protocolper se The decision on which algorithms to use in the

VI. CONCLUSIONS

DPreg = DPcall-
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MS will depend on the tradeoff between the MS complexitja0] A. R. Noerpel, L. F. Chang, and R. A. Ziegler, “PACS-UB, A protocol

i i i for the unlicensed spectrum,” to be published.
and.the benefits to the network, such as a reduced registra lr]] J. F. Rizzo and N. Sollenberger, “Multitier wireless acced§EE
traffic. It should be noted that use of the ADR or the ED Personal Commun. Magvol. 2, no. 3, pp. 18-31, 1995.

is not a prerequisite, that is, the multitier registration protoc@12] E. J. Watson,Laplace Transforms and ApplicationsBirkhauserk,
works independently of these intelligent MS algorithms. 981.
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