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ABSTRACT  
When a mobile terminal (MT) leaves its registration area 

(RA) and enters into new RA, the serving Visitor Location 

Register (VLR) sends a registration request to the Home 

Location Register (HLR).On receiving this request the HLR 
sends a de-registration request to the old VLR (which was  

serving the MT).After deregistering the MT, the old VLR 

acknowledges the request of HLR and then the HLR confirms  

the registration of the MT by sending the acknowledgement 

message to the new VLR. This approach is called explicit de-
registration scheme. Implicit de-registration is a variant 

scheme, in which we can save the cost by ignoring the explicit 

de-registration message to the old VLR and its 

acknowledgement to the HLR. In terms of cost , implicit de-

registration strategy is efficient than the explicit  as we are 
saving de-registration signal exchange cost. However, at old 

VLR we may have the invalid entries. These invalid entries  

increase the database size at the VLR. To remove the invalid 

entries from the VLR, various de-registration schemes were 
suggested like polling, timeout and the group de-registration 

scheme. In this paper a comparative analysis is performed. On 

the basis of the cost incurred and the numerical result shows 

that the group de-registration scheme is efficient than the 

timeout and polling scheme.  
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1. INTRODUCTION 
In Personal Communication Network registration is a process 

by which the mobile terminal informs the network about its 

current location. In network mobility management protocols 

such as IS-41[8] and GSM [9] de-registration can be 

efficiently achieved as part of the registration process. When 
an MT leaves its RA and enters into the new RA belonging to 

the different VLR, the MT sends a registration message to the 

new VLR [1]. On the reception of this message the current 

VLR sends the registration request to the HLR [11]. In 

response the HLR sends a cancellation message to the old 
VLR to cancel the entry of the MT. The old VLR after 

cancellation sends an acknowledgement to the HLR and then 

HLR sends a confirmation message as an acknowledgement to 

the new VLR. In this way registration of new MT takes place. 

This scheme is called explicit de-registration scheme [2]. 
Explicit de-registration scheme is shown in the fig (1) [3]. In 

explicit de-registration scheme the HLR is sending a 

cancellation request to the old VLR and in the response old 

VLR is sending an acknowledgement to the HLR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Explicit de-registration 

This process is being done only to remove the entry of the MT 

from the old VLR because the MT is now in different RA and 

going to be served by the new VLR.  Implicit de-registration 
[4, 5, 7, 10] is a novel technique which can be used to save 

signaling messages on the network. Whenever an MT moves 

from one RA to another within the same tier of service, it 

must register to the new VLR. Then the new VLR signals the 

arrival of the MT to the HLR, which updates the user location 
record. The HLR then deregisters the user from the old VLR. 

When a call arrives for the user, the HLR is queried and the 

call is routed to the new registration area. The de-registration 

process [12] to the old VLR is unnecessary from a call 

delivery point of view. It is only necessary to clean up old 
registration records and free up registration resources at the 

old VLR. The network de-registration signaling can be 

eliminated i.e. the MT can be implicitly deregistered at the 

HLR from the old VLR, provided that old VLR has a method 

of cleaning up old registration records.  In implicit de-
registration scheme we ignore the messages to the old VLR 

and hence we can save the cost consumed in the message 

transmission. So, implicit de-registration scheme is efficient 

than the explicit de-registration scheme. If an MT leaves the 

RA, the VLR should remove its invalid entry from the 
database. To remove the invalid entries from the old VLR 

side, we should have some methods by which the old VLR 

can determine whether the MT is currently under its RA or 

not. For this purpose some de-registration schemes were 

suggested as (1) polling de-registration scheme [5] (2) timeout 
de-registration scheme [4] and (3) group de-registration 

scheme [2]. In section II, these de-registration schemes are 

discussed. 
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2. DE-REGISTRATION SCHEMES 

2.1 Polling De-registration Scheme  

Polling is a method of determining whether the mobile 

terminal is still present within the RA or not. An MT is 
periodically polled by receiving an alert in normal fashion i.e. 

as if the network has an incoming call to be delivered to the 

MT. In this scheme BSC belonging to the VLR transmit the 

polling signal through the BTSs. In response if MT is present 

in that RA, it sends the acknowledgment.  

 

 

Fig (2) Polling de-registration 

If VLR does not get the acknowledgement from an MT, it 

assumes that MT has moved from its RAs to another RA. 
Polling de-registration is shown in fig (2).  

2.2 Timeout De-registration Scheme 

It is a refinement of the above scheme. In  this scheme the MT 
periodically sends registration request to the VLR. This is the 

way by which the VLR determines that the MT is currently 

under its RAs. If the VLR does not get the registration request 

from the MT periodically, it is assumed that the MT has 

moved from its RAs.  

 

 

 
Fig (3) Timeout de-registration 

The difference between timeout and polling is, in case of 

timeout MT alarms its presence in RA by sending signal 

periodically to VLR through BTS & BSC but in case of 

polling, VLR sends polling signal with the help of BSC and 
BTS and receives acknowledgement from MT about its 

presence/absence in that RA. Timeout de-registration is shown 

in the fig (3).  

 

2.3 Group De-registration 

This scheme is more refinement in de-registration strategies. 
In this scheme HLR maintains a list of old MT list called old 

mobile list (OML) for each VLR. When an MT leaves one RA 

and enters into another RA belonging to the different VLR, 

new VLR sends registration request to the HLR for the MT. 

On receiving the request HLR puts the MT’s identification 
into the OML of the old VLR and sends an acknowledgement 

along with the OML of new VLR. On reception of this 

acknowledgement the new VLR registers the MT and OML is 

used by the VLR to remove the entries of those MT who have 

left this VLR. This scheme can be described as follows: 

1) When an MT enters into a new RA, the VLR associated 

with the new RA sends a registration request to the HLR. 

2) The HLR on reception of the request updates the MT’s 

service profile to point to the new RA. Instead of sending a 

registration cancellation message to the old VLR 
immediately, the HLR keeps the identification of the MT in 

the OML. 

3) The HLR sends a registration acknowledgement message to 

the new VLR of the MT along with a copy of the MT’s 

service profile and all MT identifications kept in the OML 

of new RA, and empties this OML. 

4) After receiving the registration acknowledgement message, 

the new VLR associated with the new RA picks up the 
move-out MT’s identifications from the registration 

acknowledgement message, and removes these MTs service 

profiles from the VLR. 

Thus the invalid MT’s identifications are removed from the 

VLR every time a new   MT enters the RA. 

3. PERFORMANCE ANALYSIS 

An analytical model to evaluate the performance of the 

conventional HLR/VLR architecture (using explicit de-
registration strategy) has been presented in this paper and a 

comparison of the same is made with the modified 

HLR/VLRs (using different implicit de-registration 

strategies). In this analysis, a hierarchical tree of R layers is 

used, as shown in Fig. 4[6]. The layer R contains the root 
node and the layer 1 contains the leaf nodes. A database is 

installed on each node of the tree and the MTs are assigned to 

the leaf nodes. In the HLR/VLRs scheme, the network 

database, HLR, is situated on the only node of layer R and the 

VLRs are installed on the leaf nodes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 4: HLR/VLR architecture 

The following terms are used in performance analysis:- 

mx,y  Layer of the closest common node to RA x and RA y. 

p Probability that the MT move is intra-VLR.  

q Probability that the called and the calling     MTs are 

served by the same VLR. 
n               New RA of the MU. 

a               Old RA of the MU. 

s                   RA of the calling unit (source).  

d                RA of the called MU (destination). 

 
P(mx,y=i) is defined as the probability that the closest common 

node to LA x and LA y is in layer i. This probability can be 

given by the following equation. 

 

P(ma,n = i) = p(1-p)i-1 for i = 1,2…….. R-1 

                     (1-p)i-1 for i = R……….….…. (1)  

 

P(ms,d = i) = q(1-q)i-1 for i = 1,2…….. R-1 
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                     (1-q)i-1 for i = R…………..…. (2)  

We furthermore denote the costs of various operations used in 
this analysis as follows: 

T (i, j): Cost of transmitting a message over a link between 

two adjacent layers i and j.  

Cm (i): Cost of accessing or updating a database in layer i. 

MHLR-VLR (explicit): Estimated cost of a location update in the 
explicit HLR-VLR scheme. 

MHLR-VLR (polling): Estimated cost of a location update using 

polling scheme. 

MHLR-VLR (timeout): Estimated cost of a location update using 

timeout scheme. 
MHLR-VLR (group de-registration): Estimated cost of a location 

update using group de-registration scheme. 

Estimated cost of location update in explicit HLR-VLR 

scheme is given as: 

 

 

 
The first part of Eq. (3) is the cost of location update in intra-
VLR move. The second part illustrates the scenario after an 

inter-VLR move. T (1, L) =T (1, 2) +T (2, 3) +……..+T (L-1, 

L) is equal to the cost of traversing links between a node of 

layer 1(i.e., VLR) and the node of layer R (i.e., where an HLR 

is located). This cost is multiplied by 4 because new VLR 
sends registration request to the HLR, the latter sends 

cancellation request to the old VLR, old VLR sends an 

acknowledgement in response to the HLR and finally HLR 

confirms the registration of new MT at the new VLR. 

Transmission cost of the message is described as follows:  

T(1,L)=T(1,2)+T(2,3)+……..+T(L-1,L) 

T (1, 2) will give the result 2; T (2, 3) will give the result 3 

and so on. 

In polling de-registration scheme periodical message 

transmission cost can be calculated as: 

T (1, 1) =1.This is because; MT, BTS, BSC and VLR are 

collectively allocated in the same layer. Thus total cost at 

VLR end will be 2*T (1, 1) =2 as link is being traversed 

twice. In the same way in timeout de-registration strategy 

message transmission cost will be 1.Hence at this point we 
can now conclude that timeout de-registration scheme incurs  

less cost than polling.  

 

Estimated cost of location update with polling de-registration 

scheme is given as follows: 

 

 

 

The first part of this Eq. No.4 is the cost of location update in 

intra-VLR move. We have added 2 and its reason is explained 

previously. The second part shows the scenario after an inter-
VLR move. T (1, L) is estimated in the same manner but this 

cost is multiplied by 2 because, we are not sending any de-

registration request to the old VLR and no acknowledgement 

is being received in response. If MT resides in an RA for 

some times then MT will follow the polling de-registration 
scheme and hence Cm (1) +2x1 is added. 

Estimated cost of location update with timeout de-registration 

scheme is given as follows: 

The first part of this Eq. No.5 is the cost of location update in 

intra-VLR move. We have added 1 and its reason is explained 
previously. The second part shows the scenario after an inter-

VLR move. T (1, L) is estimated in the same manner but this 

cost is multiplied by 2 because, we are not sending any de-

registration request to the old VLR and no acknowledgement 

is being received in response. If MT resides in an RA for 
some times then MT will follow the timeout de-registration 

scheme and hence Cm (1) +1 is added. 

 

 

 
Estimated cost of location update with group de-registration 
scheme is given as follows: 

 

 
 
The first part of this Eq. No.6 is the cost of location update in 

intra-VLR move. When an MT leaves its RA and enters into 

new RA the new VLR sends a registration request to the HLR. 

HLR keeps the identification of the MT into the OML of the 

old VLR. After performing the MT’s profile update by 
accessing its database HLR sends the acknowledgement 

message along with the OML of new VLR. We see that HLR 

database is being consulted three times. The first access is  

done for putting the MT’s identification into the old VLR’s 

OMT, second time for updating the MT’s current location 
information and third time for emptying the OML of new 

VLR, further the entries of this OMT is sent back with the 

acknowledgement. At the VLR side database is being 

consulted twice, first for the registration of new MT and 

second for de-registration of the entries sent by the HLR. 

4. RESULTS 

In this section the numerical values of polling, timeout and 

group de-registration schemes with explicit HLR/VLR 
schemes are evaluated and compared. Fig 5 and 6 show the 

performance of location update schemes with R=5 and R=3 

respectively. In the figures users are classified with respect to 

their moves. When p (probability value) is very small, the 

mobile unit moves are not local.  
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Fig. 5: Location update cost when R=5 

 

Fig 6: Location update cost when R=3 

 
From fig 5 and 6, it is clear that explicit de-registration 

scheme incurs more cost than the other three schemes. Among 

the three schemes, group de-registration scheme has the 
highest cost and timeout scheme has the lowest cost. 

 

 
Fig 7: Relative location update cost when R=5 

 

To measure the performance of the three de-registration 

schemes, relative costs of the schemes are evaluated against 

the explicit de-registration scheme. Fig 7 & 8 show the 

relative cost when R=5 and 3 respectively . 

 

 
 

Fig 8: Relative location update cost when R=3 

5.  CONCLUSION 

Analysis done in the last section shows that total cost incurred 
into the group de-registration scheme is greater than polling 

and timeout scheme but less than the explicit de-registration 

scheme. It is to be noted that polling and timeout schemes  

help in removal of stale entries of the MTs after a fixed period 

of time from VLR. On the other hand the process of removing 
the stale entries from the VLR is dependent on the mobility 

not on time in group de-registration scheme and hence it is 

more efficient than the previous two. Finally we can conclude 

that group de-registration scheme is better than the other two. 

This analysis is made by taking a single HLR. Single HLR 
architecture incurs with the bottleneck problem. To solve the 

problem of bottleneck, multi-HLR architecture was proposed. 

In future group de-registration scheme can be used with the 

multi-HLR architecture.  
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