User Modelling and P erformance Evaluation of Distributed Location Management for P ersonal Communications Services

Michael Sc hopp^a

aUniversity of Stuttgart, Institute of Communication Networks and Computer Engineering (IND) Prof. Dr.-Ing . Dr. h. c . P. J. Kühn, Pfaffenw aldring 47, 70569 Stuttgart, Germany .

Personal Mobility has to be supported by efficient location management. Several strategies for trac king user locations ha ve been proposed. The efficiency of these strategies very muc h depends on user beha viour. We present a user model whic h takes into account the mobility of a user as well as the traffic matrix of incoming calls . The mobility model does not only take into account the call-to-mobility ratio , but also the geographic distribution of user mobility . The traffic matrices of incoming calls are modelled depending on the current location and on the home location of the users involved in a call.

A simple methodology is given whic h helps to evaluate different location management strategies in terms of signalling load, processing load in an Intelligent Network environment, query load to a distributed database and mean response times depending on different parameters of the user model. F inally , a case study is given whic h compares a GSM-like trac king strategy to a strategy whic h is based on a hierarc hically distributed database .

1. INTRODUCTION

Location Management for P ersonal Communications Services has to be able to locate a subscriber , e.g. when there is an incoming call. T o this end, some data about the current location of a user is usually kept in the network. In GSM, for example , a user registers to a visitor location register (VLR) at his current location, which is informed whenever the user c hanges location areas . Within location areas users are paged when necessary . Eac h user is assigned to a home location register (HLR) whic h stores at whic h VLRs its subscribers are currently registered and which provides the VLRs with data about the users whic h is needed locally , e.g. for authentication. This solution with its two-level hierarc hy has often been criticized, especially in the case when subscribers roam far a way from their Home Location Register . Every time suc h a subscriber c hanges VLRs or receives calls , whic h probably often originate c lose to his current location, signalling to the distant HLR is required. Based on different assumptions about user beha viour, several proposals for improvement ha ve been made . [10] cites a proposal (whic h has some similarity with a proposals in [21]) where a user is searc hed first at local VLRs before the distant HLR is queried. In [9] a local anc hor sc heme is proposed to minimize location update signalling to a distant HLR. In [13], [14] c hains of forw arding pointers are suggested for subscribers who c hange location more frequently than they receive calls . Whereas in [15] a cac hing strategy is presented for subscribers who change location less frequently .

With the expected large number of subscribers and increase of location update rates – due to smaller cells and multi-network-operator environments – the GSM solution might not be adequate . The two-level hierarc hy does not scale very well. Several proposals [1], [2], [6], [7], [8], [26], [29], [30] ha ve been made whic h use multi-level hierarc hical distributed databases together with sophisticated data distribution and data retrieval tec hniques . Some proposals try to reduce network impact by adapting certain parameters to individual user beha viour (e .g.: [8], [15], [25]). Similar ideas for location management of distributed objects in the Internet ha ve been presented in [27]. All these proposals usually reduce signalling cost in exchange for increased processing cost and overall database size . On the contrary , in [17] and in [4] signalling is assumed to be c heap and signalling cost is increased in exchange for simpler protocols and reduction of database loads . In [17], e .g., VLRs are abolished and only HLRs exist.

The performance of different location management strategies and network architectures hea vily depends on user beha viour. An important figure in describing user beha viour is the call-to-mobility ratio ( CMR) [13], [15], [22], [23]. However , it is not sufficient. The traffic relations between users and the geographic expansion of movement ha ve also to be taken into account. They might even be decisive . In [7], [18], [19], [20], and [24] this is considered to some extent. In [19] and [24] provision of personal communications services across several networks is examined.

A comparatively simple user model is needed in order to understand the pros and cons of different location management strategies better and to support network design. The goal of optimal network design, inc luding database location, is to deploy network topologies that minimize total network cost while selecting locations , allocating capacity , and routeing traffic to accommodate demand and performance requirements [31].

2. LOCA TION MANAGEMENT PROCEDURES

Updating location information (location update) and finding the current location of a user (find operation) are the two most important location management procedures . Closely related – and therefore also considered here – are the user authentication procedure during a location update and the call setup procedure . In this artic le we focus on signalling and database transactions that affect the network beyond the current location of a user . Procedures that can be performed by using data a vailable at the current location of a user are not taken into consideration here . Examples of those procedures are ciphering , allocation of temporary identifiers , attac h/detac h procedures , periodic location updates within one location area, and user authentication at call setup . Handover procedures are not discussed either .

Location information has to be updated when a user lea ves a (possibly user -specific [8], [25]) area where he can be found by the network and moves to another location where he w ants to be reac hed. In GSM, a location update is performed via the air interface without encryption. In order to protect user identity , a temporary identifier is used to identify the user . The entity in the network whic h allocated the temporary identifier is usually able to provide the actual identity of the user . Before a location update can be accepted, authentication has to be performed. This is done by sending an input c hallenge (RAND) to the subscriber whose SIM card (or similar device) computes a signed result (SRES) using a cryptographic algorithm and a secret key . Service logic needs to ha ve access to RAND/SRES pairs , whic h are provided by an authentication centre . Usually , a vector with several pairs is produced. Eac h pair is only used once and the vector with the unused pairs is kept c lose to the current location of a user . During a location update , user data, inc luding the authentication vector , is transferred from the previous location of the subscriber to his current location. After successful authentication, location information within the network is updated, an action whic h inc ludes deletion of user data at the previous location.

Call setup to a subscriber can be requested from any location area. In order to enable routeing of the call to the called party , two different approac hes exist: (a) Invocation of a find operation before call setup whic h provides sufficient routeing information (e .g. to some extend in GSM), and (b) influencing routeing during call setup (e .g. in [29]), whic h means that the find operation and call setup are performed simultaneously .

We ha ve investigated how location management can be realized in an Intelligent Network environment [11], [12]. W e present two possible realizations . The first realization is derived from the GSM mobility management procedures , we call this the GSM-like realization . The second realization adopts* an approac h presented by J . Z. Wang [29], where a distributed database with a tree-structure is proposed. A subscriber who is located in a location area beneath his home database node is registered only there . If a subscriber is located in a location area whic h is not beneath his home database node , a chain of pointers leads along the nodes of the database tree to the current location. When a subscriber moves from one database node to another , the pointer c hain has to be rearranged, whic h usually only requires limited signalling . Figure 1 shows the database hierarc hy and an example of a chain of pointers from the home database node to the current location of a user . We call this the Wang-like realization . The according information flows for the two realizations in an Intelligent Network environment inc lude authentication, resolution of temporary identifiers , location updates , and incoming calls .

3. THE USER MODEL

The procedures location update and incoming call are usually triggered by user beha viour. In order to be able to evaluate the performance of different location management strategies , it is important to know how often and between whic h net-

* Instead of influencing routeing during call setup, we invoke a find operation first

work entities these procedures take place . The user model presented here focuses on these aspects . It is composed of two parts: a mobility model and a call model. The mobility model is independent of the call model. The destination of calls depends on the mobility beha viour of the involved parties . The call-to-mobility ratio ( CMR) defines the ratio between incoming calls and location updates . The user model usually represents different c lasses of customers . In eac h class the overall beha viour can be regarded as the superposition of the beha viour of all members of the c lass . Thus , the model does not necessarily ha ve to represent the detailed beha viour of an individual customer .

3.1. The Mobility Model From the network point of view , the relevant aspects of user location can be expressed in terms of location areas . At a given geographic location, a user can be registered to a (possibly user -specific) location area. W e define several c lasses of users*. F or eac h class there exists a home location area. The mobility of the users of a specific c lass c is defined by a simple Markov c hain, whic h is also used in [5]. A state probability is assigned to eac h registration state , with: (1) When lea ving state i a transition to state j takes place with probability , where: (2) The mean sojourn times within the different states can be obtained from the equilibrium equations under steady state condition: (3)

* Different classes represent different user behaviour. Users with similar behaviour but with different home location areas are in different classes.

Figure 1. Database hierarc hy and example of a c hain of pointers according to [29]

... ... ... ...

...

...

... Home Database

Current Location (Location Areas)

. . .

out out x y

z

Layer 0

Level 1

Level 2

Level 3

π_i^{c( )}

π_i^{c( )}

i∑^{1=}

p_{ij}^{c( )}

p_{ij}^{c( )} j j i≠,∑ 1= 1 μ_i^{c( )}⁄

π_i^{c( )} μ⋅_i^{c( )} π_j^{c( )} μ⋅_j^{c( )} p_{ji}^{c( )}⋅ j j i≠,∑ = and from the definition of the mean location update rate: (4) The location update rate between state i and state j is then given by: (5) For the sake of simplicity , we assume that the sojourn times within the states are negative-exponentially distributed (M). In [19] a Semi-Markov process with general independent (GI) sojourn time distributions is used for the same purpose .

The mobility model of c lass c customers is essentially determined by the , the and . The ma y be dependent on the geographic distance from the home location [7] and the reflect neighbourhood between the states .

Eac h customer c lass consists of customers . The mean number of customers in location area i (S_i) can be obtained by the superposition of the mobility beha viour of all customers: (6)

3.2. The Call Model

For the call activity of a user c lass , the call-to-mobility ratio CMR^{(c)} and the geographic distances whic h are defined between the registration states are of importance . The according traffic matrix can be defined dependent on these geographic distances . We identify four types of calls*:

• Type 1 calls from parties whose home location is "c lose" to the home location of the called party .

• Type 2 calls from parties whose current location is "c lose" to the current location of the called party

• Type 3 calls from parties whose current location is "c lose" to the home location of the called party .

• Type 4 calls from parties whose home location is "c lose" to the current location of the called party .

In a simple approac h we define discrete distances between location areas ( dist{i,j}). For eac h type of call t we also define the probability Π_{Call} (t,d) whic h only depends on the distance d, so that for eac h t the sum of Π_{Call} over all possible distances equals unity: (7)

* "close" means that the call rate is dependent on the geographic distance.

μ^{c( )} π_i^{c( )} μ_i^{c( )}⋅

i∑^=

λ_{ij}^{c( )} μ_i^{c( )} p_{ij}^{c( )}⋅ =

π_i^{c( )} p_{ij}^{c( )} μ^{c( )} π_i^{c( )} p_{ij}^{c( )}

N^{c( )}

S_i N^{c( )} π_i^{c( )}⋅

c∑^=

Π_{Call}^{c( )} t d,( )

d∑^{1=}

If for eac h type of call we define a probability of occurrence w_t (with Σw_t = 1), we can calculate the call setup rates between LA i and LA j from: (8) where r_{t,i,j} is defined individually for eac h type of call: (9)

(10)

(11)

(12)

where h_c is the home location area of a c lass c customer .

3.3. The Mobility Model in Large Networks A mobility model in the general form presented above is difficult to handle numerically for a network with a large number of location areas . In order to reduce the state space , we arrange the different states at the lea ves of a symmetrical tree structure with H levels . We define the distance between two states as the number of hops to reac h the first common predecessor in the tree . One of the states is supposed to be the home state . The state probabilities depend only on the distance from the home state . We assume that all states whic h ha ve the same distance d from the home state belong to the same c lass d. All states within one c lass ha ve the same state probability . The probability of a c lass c customer to be in the c lass d

states is denominated (with ). The transition rate between two

states only depends on their distance in the tree and their state probabilities . We define the probability of a transition from a c lass d state to states in the distance l of a class c customer as , with . Since states in the same distance d

from a state ma y ha ve different state probabilities , the transition probabilities are weighted according to the state probabilities . Finally we get:

(13) γ_{ij}^{c( )} CMR^{c( )} μ^{c( )} w_t^{c( )} π_j^{c( )} r_{t i j, ,}^{c( )}⋅ ⋅

t 1=

4 ∑ ⋅ ⋅ =

r_{1 i j, ,}^{c( )} Π_{Call}^{c( )} 1 d,( )

N^{k( )} π_i^{k( )}⋅

N^{l( )}

l dist h_l h_c,{ } d= | ∑ --------------------------------------------

k dist h_k h_c,{ } d= | ∑ ⋅ d∑^=

r_{2 i j, ,}^{c( )} Π_{Call}^{c( )} 2 dist i j,{ }

,( )

S_i S_k

k dist k j,{ } dist i j,{ } = | ∑ ------------------------------------------------------ ⋅ =

r_{3 i j, ,}^{c( )} Π_{Call}^{c( )} 3 dist i h_c,{ }

,( )

S_i S_k

k dist k h_c,{ } dist i h_c,{ } = | ∑ ---------------------------------------------------------- ⋅ =

r_{4 i j, ,}^{c( )} Π_{Call}^{c( )} 4 d,( )

N^{k( )} π_i^{k( )}⋅

N^{l( )}

l dist h_l j,{ } d= | ∑ ------------------------------------------

k dist h_k j,{ } d= | ∑ ⋅ d∑^=

Π_d^{c( )} Π_d^{c( )}

d∑^{1=}

P_{d l,}^{c( )} P_{d l,}^{c( )}

l∑^{1=}

π_i^{c( )}

Π_{dist hc i,{ }} c( ) 1 k dist h_c k,{ }

| dist h_c i,{ } = ∑ ------------------------------------------------------- =

(14)

With these assumptions the state space can be reduced dramatically . In eac h state c lass we c hoose one representative state and reduce all states within this class that ha ve the same distance from the representative state to a single state . The state probabilities and the transition probabilities are simply aggregated. In a symmetrical tree structure with H levels the state space is reduced to (or fewer) states . The system of linear equations according to (3) and (4) is reduced to (or fewer) equations . Figure 2 shows an example .

4. THE NETWORK MODEL

The network model only models functionality in the control plane . Important entities are:

• the signalling network (signalling links and signalling points), • the Intelligent Network infrastructure , and • the nodes of the distributed database . In the following we present a very simple network model whic h is designed to only give a rough estimate of the network beha viour. We ha ve already published a more detailed model and methodology whic h could also be applied [3],[16].

Signalling links are modelled as infinite servers , with deterministic dela y, depending on their length. All other network entities are analysed using a very simple approximation. They are modelled as ΣM_i/M_i/1 servers . Overall network mean response times are obtained by simply adding mean sojourn times of the different entities . In eac h node a set of servers (processors) handles signalling messages (in

Figure 2. Reduced state space with 9 states for a tree with 4 levels and 18 lea ves p_{i j,}^{c( )}

P_{dist hc i,{ } dist i j,{ }} , c( ) π⋅ j c( ) π_k^{c( )}

k dist i k,{ }

| dist i j,{ } = ∑ --------------------------------------------------------- =

H H 1+( ) ⋅ 2⁄ H H 1+( ) ⋅ 2⁄

Π_0

Π_1 2 ------

Π_1 2 ------

Π_2 6 ------

3 Π⋅_2 6 --------------

2 Π⋅_2 6 --------------

Π_3 9 ------

= Representative State

2 Π⋅_3 9 --------------

6 Π⋅_3 9 --------------

SS#7: MTP and SCCP functionality), whereas another set of processors handles IN requests (TC AP, INAP processes , and functional entity actions). Databases are regarded as separate entities with several processors that handle requests . Figure 3 shows the model for one node in the network. Different mean processing times ( h_i) can be assigned to different messages and to different functional entity actions (FEAs).

A simple flow analysis together with a queueing network analysis , whic h is based on a decomposition approximation as described above , is performed and yields mean numbers of database entries per database node , mean database access rates per node and per scenario , mean signalling load, mean load on IN physical entities , and, finally , mean end-to-end response times for different location management procedures .

5. A CASE STUDY

5.1. The Studied System

We study a network with 64 location areas . In the GSM-like realization 16 nodes , whic h combine HLR and VLR functionality , serve these location areas . It is assumed that the node whic h serves the home location area of a user also acts as the user’ s HLR. In the W ang-like realization a hierarc hical tree structure with three levels is assumed, where one node at level 3 serves 4 nodes at level 2, whic h serve 16 nodes at level 1. Signalling in both cases follows the tree structure . We assume that the distance between a level l node and a level l+1 node is four times larger than the distance between a l-1 node and a level l node . We consider similar

Figure 3. Model of a network node

. .

.

Signalling (MTP and SCCP)

Intelligent Network (TCAP, INAP,

Database

Node

and FEAs)

Signalling Links

user beha viour, i.e. we ha ve 64 user c lasses whic h differ only with respect to their home location area. Thus , we obtain a completely symmetric network load.

The tree structure whic h determines the user beha viour is assumed to be identical to the tree structure of the distributed database and the signalling network. For all user c lasses and all types of calls , we assume CMR=1 and Π_{Call} (0) : Π_{Call} (1) : Π_{Call} (2) : Π_{Call} (3) = 1 : 1 : 1 : 1. Because we w ant to study the dependence of the performance of the different location management strategies on the geographic distribution of user location, we define five types of mobility . The rate of location updates is kept constant, whereas the geographic distribution and the distance of location updates is varied. W e define a quantity whic h we call mobility coefficient . It is the ratio between the mean distance of a user from his home location area to the mean distance of all location areas from the user‘s home location area. T able 1 shows the parameters of the five types of mobility .

In addition to the varying mobility beha viour, the effect of the different call types is studied as well. In eac h case we assume that only one type of call determines the beha viour of all users .

We dimension network resources so that the offered load to a single network entity equals 0.8 Erlang in the worst case . For processing times , we make the following assumptions:

a according to section 3.3: P_{d,l} = P_l for all d. b Type 1 is a limiting case, which has to be treated slightly differently.

Table 1: P arameters and mobility coefficient of the different types of user mobility Mobility type Π_0 : Π_1 : Π_2 : Π_3 P_1 : P_2 : P_3^a Mobility coefficient

1^b 1 : 0 : 0 : 0 1 : 0 : 0 0

2 8 : 4 : 2 : 1 64 : 8 : 1 0,2745

3 1 : 1 : 1 : 1 16 : 4 : 1 0,5614

4 1 : 2 : 4 : 8 4 : 2 : 1 0,8483

5 1 : 3 : 12 : 48 1 : 1 : 1 1,0

Table 2: Processing times Processing time of an incoming signalling message 5 ms

Processing time of an outgoing signalling message 5 ms

Processing time of a transfer signalling message 10 ms

Sum of TC AP and INAP processing times 5 ms

Database read operation 5 ms

Database write operation 5 ms

Signalling link dela y between the different levels is 1ms, 4ms and 16 ms respectively .

5.2. Results

Table 3 shows the mean number of database entries per user for the different mobility types and for the two studied realizations .

Figure 4 shows the probability distribution (PD) of the aggregated distances of the signalling relations for the find operation for different types of calls and mobility type 5.

Table 3: Mean number of database entries per user Mobility type Wang-like realization GSM-like realization

1 1 1 2 1.533 1.2 3 2.5 1.5 4 3.667 1.8 5 4.375 1.938

Figure 4. Probability distributions of the searc h distance of the find operation for call types 1 and 2 with mobility coefficient 1.0 in the GSM-like realization (l.h.s .) and in the W ang-like realization (r .h.s .)

0 5 10 15 20 25 30 35 40 45 50 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Distance

PD of Search Distance

Wang-like: Call Type 2

0 5 10 15 20 25 30 35 40 45 50 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Distance

GSM-like: Call Type 2

0 5 10 15 20 25 30 35 40 45 50 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Distance

GSM-like: Call Type 1

0 5 10 15 20 25 30 35 40 45 50 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Distance

Wang-like: Call Type 1 Mobility Coefficient = 1.0 Mobility Coefficient = 1.0

Mobility Coefficient = 1.0 Mobility Coefficient = 1.0

Figure 5 shows the mean response times of location updates (LU) and of find operations for systems with different mobility types and different call types . The mean LU update dela ys in the systems with different call types are similar . With increased mobility coefficient, the GSM-like realization has longer response times . The mean searc h dela ys depend very muc h on the call types . In the W ang-like system with type 2 calls , the mean searc h dela y is almost insensitive to the mobility coefficient. F or the other types however , the mean searc h dela ys are comparable to the mean searc h dela ys in the GSM-like realization with type 2 and type 3 calls . The GSM-like realization performs worst for type 1 and type 4 calls .

6. CONCLUSIONS

A detailed user model has been presented whic h enables to compare different location management strategies within different network arc hitectures and under varying user beha viour. Besides important capacity figures , also performance figures are obtained by using a simple network model and an approximating decomposition tec hnique . An extensive case study gives an idea of the results whic h can be obtained by using this methodology .

First results show that a distributed database does not necessarily reduce the mean searc h dela y. This is especially true for type 3 calls . It can be shown that in a multi-network operator environment a location management strategy based on a distributed database is not able to exploit locality of calls and movement except for the case when a common location management database is implemented whic h is used by all networks . Further studies ha ve to decide the question whether GSMlike location management fulfils the requirement of third generation mobile and personal communications systems (as proposed in [28]), or whether a more sophisticated approac h based on distributed databases is needed.

Figure 5. Mean location update dela y and mean searc h dela y for systems with different mobility types and different call types

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Mobility Coefficient 0 100 200 300 400 500 600 700 800 900 1000

Mean LU Delay [ms]

Wang-like

GSM-like

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Mobility Coefficient 0 100 200 300 400 500 600 700 800 900 1000

Mean Search Delay [ms]

Call Type 1 Call Type 2 Call Type 3 Call Type 4

Wang-like

GSM-like

Call Type 1 Call Type 2 Call Type 3 Call Type 4

Wang-like

GSM-like

REFERENCES

1.Anantharam, V ., M.L. Honig , U. Madhow , and V .K. Wei, “Optimization of a database hierarc hy for mobility trac king in a personal communications network, ”Performance Evaluation , vol.20, pp .287-300, 1994.

2.Awerbuc h, B. and D . Peleg, D., “Online Trac king of Mobile Users ,”Journal of the A CM, vol.42, no .5, pp .1021-1058, 1995. 3.Bafutto , M. and M. Sc hopp , “Network P erformance and Capacity F igures of Intelligent Networks based on the ITU-TS IN Capability Set 1, ”Proc. International W orkshop on Advanced Intelligent Networ ks (AIN'96) , Passau, Germany , 1996.

4.Bowen, T ., G. Gopal, G . Herman and W . Mansfield Jr ., “A Scalable Database Arc hitecture for Network Services ,”Proceedings of the XIII International Switc hing Symposium (ISS‘90) , vol.V, pp.45-51, Stoc kholm, Sweden, Ma y 1990.

5.Colombo , G., “Mobility Models for Mobile System Design and Dimensioning ,”Proceedings of the 9th ITC Specialists Seminar : Teletraffic Modelling and Measurement in Broadband and Mobile Communications , pp.133-146, Leidsc hendam, The Netherlands , November 1995.

6.Dolev, S., D.K. Pradhan, and J .L. Welch, “Modified Tree Structure for Location Management in Mobile Environments ,”Proceedings of IEEE Inf ocom'95, pp.530-537, Los Alamitos , California, USA, April 1995.

7.Eynard, C ., M. Lenti, A. Lombardo , O. Marengo , and S . Palazzo , “A Methodology for the P erformance Evaluation of Data Query Strategies in Universal Mobile T elecommunication Systems (UMTS), ”IEEE J ournal on Selected Areas in Communications , vol.13, no .5, pp .893-907, J une 1995.

8.Fasbender , A., S. Hoff, and M. Pietsc hmann, “Mobility Management in Third Generation Mobile Networks ,” Proceedings of the IFIP TC6 International W orkshop on P ersonal W ireless Communications (W ireless Local Access) , pp.33-46, Prague , Czech Republic , April 1995.

9.Ho, J.S.M. and I.F . Akyildiz, “Local Anc hor Sc heme for Reducing Signaling Costs in P ersonal Communications Networks ,” IEEE/A CM Transactions on Networ king , vol.4, no .5, pp .709-725, October 1996.

10.Imielinski, T . and B .R. Badrinath, “Mobile W ireless Computing: Challenges in Data Management, ” Communications of the ACM, vol.37, no .10, pp .18-28, October , 1994.

11.ITU-T Intelligent Network Recommendations (inc l. Capability Set 1) Q.1200-Q .1219 , ITU, Geneva, 1993. 12.ITU-TS Study Group 11 WP 4/11, Draft Intelligent Networ k Capability Set 2 (IN CS-2) Recommendations , Results of Draft Meeting , Berlin, November 1995.

13.Jain, R. and Y .-B. Lin, “An auxiliary user location strategy employing forw arding pointers to reduce network impacts of PCS ,”Wireless Networ ks, vol.1, no .2, pp .197-210, J uly 1995.

14.Jain, R., Y .-B. Lin, and S . Mohan, “ A Forwarding Strategy to Reduce Network Impacts of PCS ,”Proceedings of IEEE Infocom'95, pp.481-489, Los Alamitos , California, USA, April 1995.

15.Jain, R., Y .-B. Lin, Y.-B., and S . Mohan, “ A Caching Strategy to Reduce Network Impacts of PCS ,”IEEE J ournal on Selected Areas in Communications , vol.12, no .8, pp .1434-1444, October 1994.

16.Kühn, P .J. and M. Sc hopp , “Signalling Networks for ISDN , IN and Mobile Networks – Modelling , Analysis , and Overload Control, ” Proceedings of the 10^{th} ITC Specialist Seminar : Control in Communications , pp. 35-49, Lund, Sweden, 1996.

17.Kim, B .C., J.S. Choi, and C .K. Un, “ A New Distributed Location Management Algorithm for Broadband P ersonal Communication Networks ,”IEEE T ransactions on V ehicular T echnology, vol.44, no .3, pp .516-524, August 1995.

18.Kwiatkowski, M., “P erformance modelling of UPT networks ,” Proceedings of the 4th IEEE International Conference on Univer sal P ersonal Communications (ICUPC’95) , pp.543-547, T okyo, Japan, November 1995.

19.Kwiatkowski, M., “Calculating Rates of Services in UPT Networks ,”Proceedings of the 5th IEEE International Conference on Univer sal P ersonal Communications (ICUPC’96) , pp.513-517, Cambridge , MA, USA, September 1996.

20.Lawniczak, D .R., “Modellierung und Bewertung der Datenverw altungs konzepte in UMTS ,” PhD, Lehrstuhl für K ommunikationsnetze (ComNets), RWTH Aac hen, V erlag der Augustinus Buc hhandlung , Aachen, 1995.

21.Maylan, A.D ., L.J . Ng, V.C.M. Leung and R.W . Donaldson,“Network Arc hitecture and Signaling for W ireless P ersonal Communications ,”IEEE J ournal on Selected Areas in Communications , vol.11, no .6, pp .830-841, August 1993.

22.Lin, Y.-B. and S .-Y. Hw ang , “Comparing the PCS Location Trac king Strategies ,” IEEE T ransactions on V ehicular T echnology, vol.45, no .1, pp .114-121, F ebruary 1996.

23.Pollini, G . P., K.S . Meier -Hellstern, and D .J. Goodman, “Signaling Traffic V olume Generated by Mobile and P ersonal Communications ,”IEEE Communications Magazine , vol.33, no .6, pp .60-65, J une 1995.

24.Schopp , M., “Network Design for IN-based Mobility Management, ”Proceedings of the ITC Mini-Seminar on Engineering and Congestion Control in Intelligent Networ ks, paper no .7, Melbourne , Australia, April 1996.

25.Tabbane , S. and Nevoux, R.,“ An intelligent location trac king method for personal and terminal FPLMTS/UMTS communications ,”Proceedings of the XV International Switc hing Symposium (ISS‘95) , vol.1, pp .114-118, Berlin, April 1995.

26.Van den Broek, W . and E. Buitenwerf , “Distributed Database for Third Generation Mobile Systems ,” Proceedings of the ICCC Intelligent Networ k Conference , Intelligent Networ ks – T he Path to Global Networ king , pp.333-347, T ampa, Florida, May 1992.

27.Van Steen, M., F .J. Hauc k and A.S . Tanenbaum, “ A Model for W orldwide Trac king of Distributed Objects ,”Proceedings of the TINA ’96 Conference , pp.203-212, Heidelberg , Germany , September 1996.

28.Verkama, M. and L. Söderbac ka, “Mobility Management in the Third Generation Mobile Network, ” Proceedings of the IEEE Global T elecommunications Conference , paper 52a.2, London, UK, November 1996.

29.Wang , J.Z., “A Fully Distributed Location Registration Strategy for Universal P ersonal Communication Systems ,”IEEE Journal on Selected Areas in Communications , vol.11, no .6, pp .850-860, August 1993.

30.Wey, J.-K., L.-F . Sun, and W .P. Yang , “Using Multilevel Hierarc hical Registration Strategies for Mobility Management, ” Information Sciences , vol.89, no .1 and 2, pp .63-76, F ebruary 1996.

31.Wirth, P .E., “Teletraffic Implications of Database Arc hitectures in Mobile and P ersonal Communications ,”IEEE Communications Magazine , vol.33, no .6, pp .54-59, J une 1995.