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Abstract to set up services in a defined geographical area or to dis-
tribute information (e.g. warnings) to it. Special interest
Area based triggers denote notifications being generatedlies in mechanisms to detect changes of the spatial relation
if a mobile client changes its spatial relation to a defined of mobile clientyMCs) to the areas. A wide variety of new
area, e.g. if it enters or leaves it. By these triggers, new services can be implemented if special event notifications
valuable services can be provided for mobile users. can be generated for a provider when a client enters, leaves
One of the main challenges is to design a suited approachor resides in an area. These notifications are denartea
for the computation of the triggers based on the defined based triggergABT).
areas and the current whereabouts of the mobile clients.  With currently specified and standardized solutions for
With a rising number of areas and participants of these ser- LBS, it is hardly possible to efficiently realize the envisaged
vices, the need for a scalable solution to process the triggersABS. LBS provide services based on the identifier (ID) of
emerges. a single MC. Therefore, it requires the movement tracking
This paper examines a new approach for the distributed, hi- of all MCs in order to enable service provisioning based on
erarchical processing of area based triggers based on thethe area in which the clients reside. An obvious drawback
aggregation and segregation of both triggers and the setupis that the tracking of all MCs leads to a high network load
messages requesting the services in a carrier access netfor its signaling.
work. Additional problems arise when the ABTs have to be
We investigate the signaling effort and computational com- computed. In general, two different kinds of information
plexity of the approach based on the required effort for an are required for this. First, the location of every MC in
emerging position update of a mobile client in the network. the geographic territory being covered by the network is
The results are compared analytically with two other ap- needed. Second, the information about all requested areas
proaches, a centralized and a hierarchical one. Our anal- s required. In order to generate the triggers, a comparison
ysis shows that our approach leads to a superior perfor- of the whereabouts of the MCs with the borders of the areas
mance in terms of the effort for signaling and computation. must continuously be performed, which requires immense
computing resources. Someone can easily imagine that this
mechanism is quite inefficient and does not provide scala-
bility for a large amount of requests and MCs in the network
1 Introduction @fthe comparison should be performed by one central entity
in the network.
. , ) The other extreme, a processing of the area requests
By location based service&BS) [2] [13], users with mO-  (jose to (or in) the base stations of an access network, i.e.
bile (wireless) smart and transportable devices can be pro, excessive copying and forwarding of the requests to all
V|ded_W|th useful services and information which is related involved systems, could be used for the distribution of the
to their current positions. computational effort. But this method would lead to a sig-
Thearea based servic§ABS) systems being currently  pificantly increased signaling overhead for the distribution
envisaged are targeting a new type of application. In the uf the requests and the intersystem communication of last
upcoming years, service providers will have the possibility \c whereabouts, especially if requested areas are covered

, _ _ by several systems.
*This work has been partially supported by Siemens AG, ICM N PG .
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¢ An efficient and scalable way is required for the pro- Concerning the applicability of these approaches to the
cessing of updated position information and area re- processing of area based triggers, it first has to be noted
quests that the mobility management mechanisms are designed for
the optimal tradeoff between paging and registration rates
and have no facilities for the distribution and processing of
dynamically requested areas. In comparison with the ar-
e The signaling of the position information introduces eas being envisaged for area based trigger processing, the
a high network load. The mechanism should be de- granularity of location areas for the purpose of paging is
signed in such a manner that it reduces the signalingusually rather rough. Furthermore, the processing effort for
amount a boundary crossing detection consists of either a simple
comparison of the location area ID being announced over
the broadcast control channel with the location area ID cur-
rently stored in the mobile terminal, or some slightly more
elaborate computation (see [6] for a survey of techniques).
erefore, this task can be performed independently by the

e The mechanism should be distributable to different en-
tities in the network

In the next section, we review related mechanisms that
can be utilized for processing of ABTs. In section 3, we
present our new approach for the computation of ABTs
which is based on a distributed algorithm. It hierarchically
processes area requests and position updates in an acce ) . . o :
network being divided into several processing stages. ThemOb”e clients without requiring a substantial effort [15].

approach is intended for an overlay usage in carrier acces%ompared to this, processing of area based triggers is a

networks for e.g. UMTS, GSM or WLAN integrated in a ar more Qemanding task., as a poteptially high number of
wide area mobile communications network. Section 4 de- geographic areas of varying sizes will have to be checked

scribes an evaluation of the approach that is based on Y sorr?e e(zjntityl durindgfmovement of T]mobilebclient. g‘pd
probabilistic analysis. We determine probabilities for the proaches developped for paging can thus not be regarded as

distribution of requests for rectangular service areas to thesufhment for area based trigger processing.

different stages, and with these probabilities we calculate Location enabling serveid.ES) [14] are specifically de-
the resulting effort for signaling and computation for three Signed for the provisioning of area based services. An LES
alternative approaches. We show that the performance gainés installed by a cellular operator (i.e. carrier) for its access
to be achieved with our approach are mainly influenced by networks. The location information of mobile clients is con-
the distribution of the requested area sizes. In section 5, welinuously transmitted to the server and mapped to a suited
discuss the performance of the three analyzed approachegoordinate system. A second component, the so-cgked

for parameters that have been obtained from the literatureinformation systen{GIS) stores the location based infor-
on location based services and exisiting technologies. Secmation related to its area of operation, e.g. the coordinates
tion 6 contains our conclusions and gives an outlook to the Of points of interest and service areas. The LES utilizes

next steps of our ongoing work. the information of both client position and entries in an as-
signed GIS to offer appropriate services and information.
2  Related Work Currently, the LES has no explicit facility for the process-

ing of area based triggers.

In this section, we present approaches for the processing of Location alert trigger (LAT) serverid 1] offer customers
ABTSs and related mechanisms which could be principally Who want to make use of LBS the ability to specify trig-
applied to the problem. ger conditions in LBS applications. These conditions are
A familiar task in wireless communication systems deal- Submitted to a so-called LAT server and stored by it. The
ing with the detection and processing of area related triggersPositions of MCs are transmitted by the carriers in form of
is performed by the mob|||ty management mechanisms for traffic data to the server which translates the data into ge-
pagingof mobile clients [4]. For this, several adjacent radio ©draphical coordinates. This is achieved with appropriate
Ce”s are grouped to |0cation areas (LAs) Each t|me a MCSinformation about the netWOfk, Ca”ed Site data. Aﬂer haV'
crosses the boundaries of a LA, the transmission of a loca-iNg performed this additional processing step, the server is
tion update message is triggered’ Causing a registration Oﬁ.ble to compare the location information with the requested
the new location in the mobility management entities. Dur- areas and sends notifications or performs other actions if a
ing the past years, multiple improvements have been anadirigger condition is fulfilled.
lyzed, a survey is presented e.g. in [16]. To reduce the Although not being especially designed for this purpose,
signaling and processing effort, the maintenance of the lo-theinstant messaging and presence servites>S) [8] [7]
cation information is usually done in a hierarchical manner, approach of the Internet Engineering Task Force (IETF)
e.g. by assigning several LAs to one visitor location regis- could be utilized for the processing of ABTs. The mech-
ter (VLR) and several VLRs to one home location register anism allows principals (i.e. users) to provide a so-called
in GSM [12]. presence service with their presence information. The ser-



vice accepts, stores and distributes this information. For the
processing of area based triggers, it would have to contain
the geographical coordinates, allowing another user to re-
guest defined presence information. A requestor of an area
could specify its request for presence information based on
geographical attributes, i.e. the coordinates of an area.

Publish/subscribe systeni3] [5] could be utilized in a
similar way. Providers of ABS content could be consid-
ered as publishers, sending the area and the corresponding
content to an ABS server. In this case, an MC would act
as a subscriber, i.e. a change of his position including the
change of the spatial relation to an area would be handled
as a new subscription for the related service. For those ABS
where e.g. other parties are interested in the whereabouts
of facilities, pets or persons, the role of the publisher and
subscriber is inverted, i.e. the MC publishes its position and
the observing parties would be the subscribers.

The first and second approach (LES & LAT server) pre-
sented above are centralized ones. One entity in a network
collects and processes the location information from all mo-
bile clients, being sent through the network to it. Addition-
ally, the information about every requested area with the
specified trigger criteria has to be available to it. They do
not scale for a large number of nodes, areas and a large cov-

erage area, due to the required immense centralized pro- |y stead of processing the service requests of the re-
cessing effort for the comparison of the client's whereabouts 4 estors in one central entity in the network, the requests
with the borders of the areas and the emission of triggers. 5re gistributed to several entities in the network which are
The drawback of the IMPS approach is that obviously gpje to compute the ABTS, i.e. they compare the position
the presence information of all users has to be ava'lablechanges of the MCs with the borders of the requested areas

to one presence service for a complete processing of they g generate the triggers. We call these entAiBF nodes
area requests. In fact, the presence information of differ- The ABT nodes are aligned on different stages of the

ent principals can be distributed on several servers all OVer, . ess network. At the lowest stage (ie. as close to the
the netwqu, rgquiring exhaustive inter-server communiga- base stations as possible), a node is only responsible for a
tlon. Aga|r_1, this solution cannot be expected to scale with small part of the geographical territory being covered by
an Increasing n_umber ofMCs z_and re_quested areas. Stan(_jarf%e complete network, e.g. for a certain district of a city.
publlsh_/subscrlbe systems being utilized for the Processinga he top level, one node is responsible for the whole ter-
areSfacmg thg samﬁ problems.h d hani q Iritory. On the stages in between, ABT nodes may be re-
ummarizing, the approaches and mechanisms deve sponsible for whole cities, i.e. the unions of their districts,
oped so far are not of sufficient efficiency and scalability for provinces/states etc., which leads to a hierarchical align-
the request distribution and location information processing ment of the nodes. The subdivision may also not correlate

which is required for the computation of ABTS. with any underlying topological structure. An example of
a carrier access network with the definition of uplink and

3 Assumptions and Proposed Concept downlink direction is displayed in figure 1.

After the requestor contacted the portal being e.g. lo-
Usually, if a certaimequestor(e.g. an ABS content provider ~cated near the gateway of the carrier access network and
or observing party) wants to use a service which requiresafter he issued his request, a special setup message contain-
ABTs, he defines his service and the related trigger con-ing the request is directly sent through the network towards
ditions. Afterwards, a portal [13] [1] of a suited network the selected geographical territory.
carrier is contacted which can provide the trigger notifica-  The setup messages are forwarded in downlink direction
tions, i.e. which possesses the technical facilities (servers)until they reach the last respective ABT node in the network.
for the computation of the trigger events out of the defined During the message forwarding, the nodes are informed that
areas and MC whereabouts. The execution of the service ighey have to handle trigger events which will be emitted by
delegated to the carrier. downlink nodes to them.

Figure 1. Network topology example. The
ABTs are computed in special ABT nodes



Our approach performs a partial trigger processing at one of the other subareas shortly before. For instance,

each network stage. An event from a node in downlink di- if an area is covered by two nodeg & ny» in down-
rection may not constitute the final ABT event but requires link direction andnp; sends the upper level noag;
further treatment, i.e. information from other downlink the information that a certain mobile client entered the
node. The information about the requests remains stored subarea being covered byt has to check ifiy, has
until its lifetime is exceeded or until it is explicitly revoked. already announced that the MC left its subarea. In that

The approach is based on four basic tasks, the aggrega-  case,na1 knows that the client did not enter the area
tion and segregation of setup messages as well as area based like assumed by, because it has formerly already
triggers during the processing in the carrier networks. The been in it and thus,; does not generate an enter trig-
next sections describe the mechanisms in detail. ger.

2. The other way round, the decision if a leave trigger
must be generated by a node after receiving a basic
leave trigger depends on basic enter triggers for the

] ID e from the nodes which control other parts of the
We assume that the setup messages being send through  g5me area. If one enter trigger of any other involved

3.1 Request Segregation and Distribution to ABT
Nodes

the network contain.the geographical coordinates of t.he re- router is received in addition to the leave trigger, the
quested area, a uniquBreq of the request, the duration, mobile client has not left the area and the uplink node
an action that should be performed due to a trigger (with does not generate the trigger.

content that should be provided to the triggering MC, if re-
quired) and at least one criterion for the trigger (e.g. leave, The combination of basic triggers to more complex ones
enter). They are forwarded via a mechanism for routing to can be performed over several network stages, until they
geographical addresses, e.g. GeoCast [10]. sum up to the originally requested ABT. The processing of
During the forwarding of the setup message, an ABT the partial triggers ends at least when they reach the first
nodeny; may discover that the requested area is coverednode where the original setup message has been segregated.
by several nodes (e.gw1 andnyy) in downlink direction.
In this case, the routing decision in the intermediate node3.3 Request Aggregation
na1 will force a duplication and forwarding of the message
to np; andnp; being responsible for the subareas, i.6e@-  The top level node and each node performing a segregation
regation of the setup messageperformed. during the forwarding of a message keeps a copy of the re-
Before a segregated setup message is forwarded, the request. If a new setup message is received, they check if
quested action and its assigned content are removed, bean ongoing request for the identical area has already been
cause the nodes in downlink direction may not be able to stored. If this is true, the forwarding is aborted and the
decide whether a MC appearing in or leaving a subarea enrequest is linked with the existing one. Thequests are
ters or leaves the whole requested area, and they can therexggregatedn this case. If the aggregating node receives a
fore not perform the required action. The segregated mes+asic trigger for the first request, it interprets this one also
sages ask the nodeg; andny; to generatdasic triggersf as trigger for the aggregated one.
the borders of their subareas are crossed due to the emerg- The mechanisms is not only utilized for the aggregation
ing movement of mobile clients. The basic triggers only of requested areas being completely identical, but also for
contain the information that a MC has entered or left a sub- requests which are identical regarding the part of the geo-
area, together with a timestamp and the ID of the request.graphical territory being covered by a certain ABT node in
They are send in uplink direction to nodg;, which hasto  downlink direction. For instance, a nodg; has forwarded

combine (i.e. aggregate) them. a setup messages to two noags& Ny in downlink direc-
tion. Afterwards, a second message arrives, requesting an
3.2 Trigger Aggregation area being covered by nodgy & nyp3, where the part of the

area being covered by, is identical to the first request. In

If an ABT node receives basic triggers from nodes in down- this case, the new setup message is only forwarded to node
link direction for different spatial parts of the same re- b3

quested area, amggregation of triggershas to be per- _ .

formed. The following items show the required actions. 3.4 Trigger Segregation

1. If enter triggers are requested for a certain area, thelf no aggregation of the request could be performed in the
processing of a basic enter trigger in a node dependsintermediate nodes, it finally reaches the last ABT node in
on the information if a mobile client wittD ¢ has left downlink direction. These nodes play a central role in the



mapping of location information of mobile clients to trigger links and the effort for the computation of the ABTs. We
information. Each node stores the area requests and comfirst calculate the average effort for each position update be-
pares the current whereabouts of the clients with them. Aing sent by a MC. Afterwards, we determine the total effort
trigger is only emitted by a node, if the change of the mobile being required in the network per second for a certain num-
node’s positions fulfills a requested criterion. ber of MCs and an update frequency.

When a trigger criterion is fulfilled, an appropriate trig-
ger event withlDeq and the ID of the mobile client which
triggered it (Dmo) is sent in upward direction through the 4.2 Network Model
network. At this point it should be noted that some ser-
vice may not require the IDs of the clients, e.g. statistical
services. The first ABT node can perform a first step of ser-
vice processing by only transmitting information of e.g. the
amount of clients which leave or enter an area.

For the analysis, we consider a carrier access network cov-
ering a rectangular section of a geographic territory. The
three different approaches are assessed without the influ-
; . : : . ence that may result from an alignment of the ABT nodes
During the forwarding of the triggers in upward direc- . ) : )

g 9 99 b to the topological structure as described in section 3. The

tion, each ABT node performs a check if the event must ' ) . . L
be assigned to different requests and independently be pro_|oart of the territory a node is responsible for is split in north-

cessed, which have formerly been aggregated. This is Calledsouth and east-west direction in downlink direction, leading
segrega’ltion of triggers to a quartering of the territory at each stage.

The nodes for the processing of the ABTs are aligned on
v = 4 stages L0 to L3. Stage LO consists of one ABT node
possessing the knowledge about all whereabouts of the MCs

] i which are roaming through the rectangular geographic ter-
In order to assess the potential performance improvement Ofritory sectionGo = [0,a] x [0, b] being covered by LO. In the

our approach, we want to solve the basic question Whetherstage L1 below, the computation is performed by four dif-

and how much gain in terms of processing effort and sig- farent ABT nodes, each being only responsible for a fourth
naling amount can be achieved if the computation of ABTS ¢ e territory Gy (i) C Go, with U4—1 Gi(i) = Go. Each

is distributed to several entities in an access network. For¢y rth is divided again into four palr_ts by nodes on stage L2
an initial assessment, we conducted a performance studynq each node on stage L3 is responsible for a fourth of a
based on an analytical model that concentrates on the tWg,,4e on stage L2. An example for a resulting network cov-

mechanisms afequest segregatioandtrigger aggregation  gring a rectangular part of a territory is displayed in figure
at different stages of the network. 2

4 Evaluation of the Approach

4.1 Analyzed Approaches

Stage
In the remainder of this paper, three different approaches L0 /\
for the processing of ABTs are compared with each other.

The first approach to be assessed is a centralized method. ] N
The triggers are computed in one central entity in the net- R >
work by comparing the borders of the requested areas with L1 \
the changes of the MC whereabouts. The information about \ & o o o
all requested areas and positions converges in this entity. A
The second one is a purely hierarchical approach. Like in L2 g 5 5 5 G,
the approach that we presented in this paper, ABT nodes /

X

are aligned on different network stages. A setup message
is forwarded through the network in downlink direction to
the node which is responsible for the part of the geographic
territory that has been requested, i.e. the forwarding is per-
formed as long as no segregation is required. The triggers Geographic Territory
are computed at those stages where the forwarding of the
messages ends. Afterwards, these two variants will be com- _
pared with our approach for the hierarchical and distributed ~ Figure 2. The network model covering a rect-
processing of ABTS. angular section of a geographical territory
The approaches are analyzed regarding the required
amount of signaling information being exchanged on the

NAH—]

L3




4.3 Distribution of Requests to Network Stages Functionf; = 1—P(dan dGm = 0) is the probability that
an area would intersect the borders on Wwithout the exis-

In the first step, the forwarding of the requeats R? to the tence of the stages above

different network stages will be analyzed. A setup message . 1 1

is forwarded through the network in downlink direction as f1(m, Py, By) = {1 ifpx>zmVpy>smvm=v-1

long as the edges of the requested areaA do not inter- o 2M(px+ py — 2Mpypy) else

sect the borders of the geographical territ@y(i) a for- (6)

warding node on stagem is responsible for, i.e. as long

asdandGm(i) # 0. Thed denotes the borders of an area. 4.4 Model for Requested Areas

This means that the setup message is forwarded as long as

the requested area is entirely part of the territory being cov-|n addition to the already mentioned assumptions that re-
ered by a node on stage Any further forwarding would  quested areas will be rectangles with edges of leagtind
require a segregation of the setup message. At the latesta, whose center will be uniformly distibuted in the geo-
the forwarding is stopped in the nodes on stagel. graphic area, we assume that the lengths of the areas will
For this initial model we assume that the requested areasye exponentially distributed with the resultipg being as-
Aare rectangular and that their borders are aligned in para|-sumed equa| t@y (SO, we On|y consider quadratic areas)_ In
lel to those of the covered territory. The centers of the areasthis section, we give some background information on these
are uniformly distributed over the territory, i.e. the borders assumptions.
of the requests may overl&. By the proposed hierarchical and distributed approach
If the length of the edges in x and y direction of a certain for the processing of the ABTs, the amount of segregated
requested area p(j) anday(j) are given, its center has  and forwarded setup messages highly depends on the size of
to bew away from the border dividing the covered area the requested areas. If only large areas are requested, a huge

in x direction and'ayém away from the border dividing the amount of s:e_tup_me:~:sagesd\/_villlb?1 forwardegi to fthe lower
covered area in y direction, respectively. stages,_ resulting in an accordingly huge number of requests.
With the lengths of the borders of the geographic terri- The ratio between small and large requested areas becomes

tory G andG, the probability that the edges of an area do thus the main factor in the assessmen.t of thg approach.
not intersect the borders is Therefore, we chose areas having different border

lengths. The lengths of the borders are exponentially dis-
P(9an dGo = 0) — (IGx| = [ax]) - (IGy[ — lay]) (1)  tributed. For a first study, the resultipg will be equal to
|Gx] - |Gy py. We used 100 different area sizes wighe [0.01,1].
By varying the reciprocal mean value of the expo-
nential distribution, the ratio between small and large areas

if |ax] < |Gx| Alay| < |Gy, else 0. By denoting the proba-

bilities of a € Ato intersect a border in x directiqw = % changes. The resulting amount of areas with a certain bor-
and iny directionp, — % we obtain der length (i.e. with a certaipy = py) is computed via
F(px,A)—F(px—0.01,1
P(dandGo=0) = 1— (px+ Py — PxPy) 2 H{aeA: px}| = |A| (B ) F(l([jlx) : )

under the aforementioned conditions, else 0. In each stage
below, the territory is divided into four parts and the lengths
of the borderss, andGy are halved, resulting in the proba-
bility that an area does not intersect in stage

F(px, A) = 1—e *Pxis the cumulative distribution func-
tion of the exponential distribution.

Afterwards, the resulting distribution of the single areas
to the different network stages is computed with equation
(\Gx\ lay]) - (\%\ —lay|) 5. The areas being forwarded to network stageviithout
(3) a segregation are calle,. The resultingAn| for a total

P(9andGm = 0) = 4™-

G« - Gy amount of|A| = 10000 requests are displayed in figure 3.
=1-2"(px+ py — 2" pxpy) 4 Most of the ABT applications will be intended to notify
_ Gyl Gyl the user of a MC after he entered an area, i.e. a message will
if |ax| < v Alay] < 5w Ame [0.v —2], else 0. be send to the MC. In this paper, we perform the analysis
In general, the equation for the conditional probability that \;nder the assumption that after the generation of an ABT a
an area intersects the borders on stagerh € [1..v — 1] notification with an average siz® will be send by the ABT

without intersecting a border on another stage beforeis  ,gde to the MC.

- In our model for the setup messages, we assume that a
P(@andGm#0) = pum request will be substituteNs times per second in the net-
= fa(m, px, py) — fa(m—1,px, py) (5) work by another one. We assume that the substitution will



11000 date is calculated in an analogous way
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br = Grvntr (9)

The total exchanged amount of signaling information per
second for the centralized approa&entrai= Np(bp + by)
results in

Beentrai= NpV(0p + 1tr07) (10)

whereN, is the total amount of all MCs in the geographic
1 territory times the number of position updates per second.
1000~ b The computational effort for the processing of a position
o, update depends on the amount of requested areas that need

Reciprocal Mean Value A to be checked. With suited algorithms and data structures
[9], the effort can be reduced ®(log(n) + k), where n is

Figure 3. The stacked graphs show the distri- the number of requested areas and k the number of candi-
bution of |A|=10000requests depending on dates which need to be checked. In our case, the required
A processing effort per position update is thus

Wir = oy (log(|A]) +[X]) (11)

not influence the distribution to the single network stages ay, is a measure for the required processing effort gd
on average and thém| remain constant. the number of candidates. The total processing effort per
second is

Weentral= NoWyr = prtr(log(|A|) +X]) (12)

4000
3000
2000

Request Amount

4.5 Model for the Mobile Clients

For the analysis of the performance of the approach the
modeling of the mobile client behavior is widely simpli-
fied. We assume an amount Nf;c MCs. Each of them
generates everty, seconds a position update consisting of
the MCp, timestamp, geographical coordinates, status and
message type and sends it through the network. The size o
a position update isp.

In order to directly compare the different ratios of the
area sizes, we assume a constant rgtbetween position
updates and ABTs that are triggered in the network, inde- Bhierarchica= Np(bp + br) 4+ Nsbs (13)
pendently from a certai.

4.7 Hierarchical Approach

For the hierarchical processing, the additional signaling ef-
fort bs per setup message to the intermediate nodes per-
iorming the processing of the position updates on the dif-
erent stages in the network has to be taken into considera-
tions. Therefore, the resulting signaling amount per second
is computed by

In order to compute the ABTSs, the knowledge about the
position updates is required in every node on the different
network stages. Therefore, equation 8 igrholds also in

In the centralized h, the tri ted in""S CaSe:
n the centralized approach, the triggers are computed N - 0 ratio |Am| to |A| determines the probability that a

one central network entity where all the position updates request is forwarded to a certain stage We obtain the

and setup messages converge. In our assumed network aFesuItmg signaling effort per setup messages via
chitecture this corresponds to the entity on stage LO.

For the calculation of the exchanged signaling informa-
tion we consider the exchanged signaling bytes and the bs = |A| Z m|An| (14)
amount of network links being used. A position update with
sizeop being sent by a mobile client to an entity on stage L3 with o5 being the average size of a setup message in bytes.
and between the different stages to the ABT node on stage With the knowledge about the requested service, a node
LO usesv links. Therefore, the amount of signaled position can directly send the ABT result to the triggering MC in the
informationb, per position update is given by network. As already stated, the ratio between the triggered

ABTs is approximately equal arg is thus

4.6 Centralized Approach

OrMr
Al &

b= z (A (v —m) (15)

The signaled information for the replies per position up-



The effort for the computation of the area based triggers  Similar to the hierarchical approach, the total amount of
depends on the number of stored requests and the amourgxchanged bytes over the links consists of the position up-
of requests that need to be checked. On stage m of the netdates, replies and setup messages. Additionally, the signal-
work, the number of request is allocated tddodes. The  ing amountby for the partial trigger information has to be
effort is calculated similar to equation 12, but is constituted considered. Thus, the total amount is
by the sum of the portions on every network stage

BABT - Np(bp + br + bpt) + Nsbs (21)
no S (] Varl) | 1Al X
Whierarchical= Np®r z 09 + W am (16) Due to the fact that all setup messages have been for-
m=0 warded to stage &.— 1 in the network, the original position
4.8 ABT Approach |nformat|c_>n frqm thg MCs is only required on that stage,_ i.e.
the resulting signaling amount for one position update is
In the ABT approach, all requests are forwarded in down- b. — o (22)
link direction to stage k — 1. In the remainder of this paper, P P
we use the following notion for the forwarded are§g.are In the ABT approach, the partial triggers being generated
the requests being forwarded by stage.LDue to the fact  in the areas where the segregated setup messages have been
that all setup messages are forwardgglis equal toAn in sent are aggregated at the stage where the original setup

the ABT approach. Witl§ j we denote the resulting segre- message has been forwarded to without segregation. The
gated requests on stagéhat have been forwarded by stage amounty, is therefore identical to the hierarchical approach,
I. Ingeneral§ ; =0V j <i. and equation 15 also holds.

During the forwarding process, the setup messages are The same is true for equation 14 determining the amount
segregated, i.e. the number of resulting requests increasesg, put the segregated setup messages have to be taken into
We first have to determine the amount of resulting requestsconsideration. The resulting amount of setup messages is
on stagem+ 1, if a request is forwarded by an ABT node the sum of all messages being sent from a stage to all of the

on stagem. If the requested area intersects one border of stages below it. Therefore, the resulting signaling amount
Gm+1(i), two segregated setup messages have to be sent ifgr the setup messages is

downlink direction. If two borders are intersected, four have
to be sent. The probability that an area with= py inter- 1 v-1 v-1 v-1
bs = ‘ A (23)

sects two borders on stage m is calculated via Z MAn+0ssy > ISl
m=1l=m+1

P 1 1
fa(m, px, py) = Lif p); ngTQ py> > (17) We introduceoss as the average size for the segregated
f1<m,px,3py),f'l<,{,p,y17px,py) else setup message at this point. An ABT node performing the

_ . N _ computation of partial ABTs in an area being requested by
Functionfs is the probablllty that an area intersects two a Segregated setup message is not Sending the rep|y to the

borders referring the total area MC. Therefore, the content is not part of the segregated
_ 1 L message, i.60ss= Os — Oy.

fa(m, . Py) = 1if px > zm APy > m (18) If a setup message is segregated, it will result in several

4Mpypy else requests on the network stages below. Simultaneously, the

number of partial triggers being generated in the requested
If a request has to be forwarded through several stagesarea parts increases. In the worst case, a MC roams through
e.g. from LO to L3, the amount of resulting requests is ap- all area parts of the same request, generating partial triggers,

proximated with before the original trigger is fulfilled. We approximate the
amount of partial triggers with
Snm3 ~ 2([8px] + [8py]) (19)
v—-1 v-1
This means, at least the ABT nodes being responsible for bot = ot z z |Smi (24)
i Al _ ’
the borders of the requested area receive the setup message. m=11=m+1

If requests are forwarded fromni.to Lm+ 2, the number

of resulting requests is approximated with The constanty is the size of a partial trigger. A partial

trigger does not have to contain all information a position
Snmi2 ~ 2([4px] + [4py]) (20) update has to, but at least thEC)p, timestampReqp and
' flags.
With the knowledge about the forwarded requests, the In order to calculate the processing effort for the ABTs
resulting signaling and processing effort can be computed. in our approach, the effort for the generation of the partial



triggersw on stage lv — 1 and aggregation of the triggers

Wjag On all stages on the network has to be considered Table 1. Parameters for the evaluation of the
approaches
WagT = Np(Wir + Wag) (25) Parameter Value
Number of network stages 4
Since the setup messages have been forwarded to stage  Requested areds 10000
Lv —1, the resulting effort for the processing of the triggers Mobile clientsNyic 1000000
is according to equation 11 Position update intervap, 10s
Amount of setup messagbl 1/30s
Ry_1 X Amount of position updatel 100000/1s
Wir = O <|09 ( |4vl> + 4v|l> (26) Ratio triggeprs/positioﬁ updartjeﬁ 1/180
Setup message sizg 10000 bytes
With R,_1 we denote the resulting set of requests that Size of a replyoy 5070 bytes
are handled on stagevl— 1 or that have been forwarded to Size of a position updatey 38 bytes
it Size of a partial triggeopt 21 bytes
v—2 Processing of a position updatg 24 operations
R-1=A1J Snv-1 (27) Aggregation of a triggewag 3 operations
m=0
The effort for the aggregation of the triggers is from a
computational point of view quite low in contrast to the 300 A

[ - Centralistic Approach | 1
25x10° j\\ — A_BT Approach B
o --- Hierarchical Approach

computation of a trigger based on a position update. It re-
quired the lookup in a database for all segregated requests
and a second lookup if a partial trigger from a MC has been

; 20100 .
received AN 1
_ Oaglltr 'S 1 i Nwc 15x10° 3

Wag = A ngo log an |Sml +I; |Sml | | +log am (28) E \ . . ]
10x10°F AN 4

5 Performance Discussion

Total Processing Effort [operations/s)

5.0x10°F

In this section we evaluate the metrics which have been de- 005 —————1— m —
rived in the previous sections. Table 1 shows the actual pa- Reciprocal Mean Value A

rameters being assumed and chosen from existing technolo-

gies for our analysis. With the assumed position update in-  Figure 4. The processing effort for the three
tervaltp, and the ratio between triggers and position updates ~ approaches

v, €ach MC generates two triggers per hour on average.

Furthermore, we assume that 2 setup messages are send ev-

ery minute. The size of the reply is based on the mean value

of an SMS and MMS message. The size of the setup mes.computational effort of the new approach is approximately

sage has been chosen with respect to the additional data fof -7 % Of the centralized one.

the service management (e.g. accounting). The segregation and forwarding of requests especially
In figure 4 the computational effort is displayed which for huge areas leads to a large consumption of bandwidth in
would be required for the realization of the ABTs in rela- the access network for the setup of the ABT requests, the
tion to the reciprocal mean valudsand the resulting dis- ~ €ffect that accompanies nearly every distributed approach
tribution of the requests to the different stages. In the worstby default. In figure 5, the resulting amouR§_, of seg-
case, i.e. for smalk being equivalent to a great number regated requests on the last stage in downlink direction is
of large areas, the required total effort can be reduced todisplayed.
about three quarters with a purely hierarchical processing In order to analyze the effect of the request distribution
of ABTs compared to the centralized one. With the hier- on the signaling amount, we compared the average number
archical and distributed approach including segregation andof bytes being exchanged to set up the requests. The result
aggregation presented in this paper, the amount can finallyis displayed in figure 6. We only consider the amount on the
be reduced to nearly a fourth far= 0. access network links, which is 0 in case of the centralized
With increasingl, the processing effort decreases. The approach. As we can see, the amount is quite large for the
ratio between the centralized and both hierarchical ap-ABT approach.
proaches also decreases with increading-or A = 15 the Nevertheless, by the distribution of the requests close to




provides only small gains regarding the exchanged signal-
ing information compared with a centralized approach.

The results for the new ABT approach show that the to-
tal signaling amount as well as the processing effort can be
further reduced, even in the worst case (small Like for

150000

o the hierarchical one, the amount decreases with increasing
A.
50000 3.0x10°[
i % : ]
L E 2.5><1O7 (. ]
 — 10 15 2 [ 1
Reciprocal Mean Value A E 200 T T
3 r 1
. . <E( AF - Centralistic Approach
Figure 5. The graph shows the resulting 5, 15x10° — ABT Approach B
g . — AST AN
amount of segregated and forwarded re- 5 f Hierarchical Approach
c -
quests |R, ;| on stage v—1 for |A|=10000 2Lt
requests ® oF 1
O 5.0x10 [~ ]
= L ]
e 1
1.5%10° 005 5 10 15
- L Reciprocal Mean Value A
- Centralistic Approach : R R .
i — ABT Approach ] Figure 7. The total signaling amount of the
o0’ ---- Hierarchical Approach three approaCheS

5.0x10" -

6 Conclusion

Setup Signaling Amount [bytes/message]

In this paper, we presented a new approach for distributed

15 computation of ABTs in different stages of a carrier net-
work. Trigger events are derived by the segregation and
aggregation of setup messages and partial events.

The analysis and comparison of our approach with a cen-
tralized and a hierarchical one has solved the basic question
if a gain can be achieved regarding processing effort and
signaling amount if the computation of the ABTs is dis-
tributed to several entities in an access network. We demon-

the access routers and the more efficient processing of thestrated that a processing of ABT requests and location infor-
position updates, the totalized amount of bytes being ex-mation as close to the base stations as possible offers a sig-
changed over the links in the network is reduced, as beingnificant reduction of both total exchanged signaling infor-
displayed in figure 7. mation and required effort, although the geographical distri-
The amount for the centralized approach depends solelybution leads to a multiplication of the amount of segregated
on the number of mobile clients and requested areas in thearea requests (see figure 5).
network and remains therefore constant for different distri- ~ Based on the findings of this analysis, we will investigate
butions of area sizes. The graph shows that for sinaihe the capabilities of the distributed and hierarchical ABT pro-
savings of the hierarchical approach compared to the cencessing by means of a simulation study in future work. This
tralized one are relatively low with about 6% fbr= 0 and will allow us to use more complex models in order to get
increases only to approximately a fourth. The amount of detailed insights about the capabilities of our approach, e.g.
the new ABT approach lies significantly below that of the for certain mobility behaviors of the MCs, probabilities for
hierarchical one (roughly half of the amount). the triggered ABTs and different spatial distributions of the
The analysis shows that a purely hierarchical approachrequested areas. We will also extend our analysis to eval-
significantly reduces the processing effort for the ABTs but uate potential gains to be achieved with #ygregation of

e
=)
T

csmme L
Reciprocal Mean Value A

Figure 6. Average signaling amount being re-
quired for one setup message in the access
network



setup messagemd the correspondingegregation of trig-

ger messageswo mechanisms of our approach that have
not been addressed in the initial analysis presented in this
paper. Additionally, we will analyze further mechanisms
for the reduction of signaling and processing effort under
the aspects of applicability in networks with heterogeneous
access technologies.
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