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1 Arrangenent for call forwarding in a nobile services

SW t chi ng c¥Q 26/20554 Field of the Invention 5 PCT/FI9SHP04
present invention relates to an arrangenent in a nobil e services
switching center for forwarding a substri ber di rectory nunber
termnating call to a call forwardi ng nunber retrieved froma
separate subscri ber dat abase. 10 Background of the Invention

One of the suppl r S no ile . ni cation
systens is call §orw£é3¥ergtev\,{\$°(ciﬁ ggfrlilbeggwa%? Wi i ed by %bl pgrvices
subscriber. |t iswiksising ednyrex he subscriber to deternine vari ous
ki nds of call forwarding 15 functions. In an unconditional cal

forwardi ng, a nobile ) tern1nat|ng cal| is always forwarded to a given
cal | forwar di ng Mifdet of Fhe gRERt Rl cal | forwarding,

mobi | e termi nating cal ITHes prasseitdechvwaiadt drl Fé 1 e @5 &n arran%@ﬁéh&l €n
condition; for exaHE%E when t he subscrlb r. s 20 e_nmobhil e

station cannot Be tH&d, SEFVHMTER SV ing p8§§FSFe ¥8res§85WF§ﬂlﬁg a
connection to tsabsmxiker direcabrpnﬁMMbaﬁmmenM$natbng aedsl ned respabll

‘within a PIER3a ] dn {[:le:véﬁrrmretr eve%atfroml natggpgg‘gter :g‘gﬁﬁgfig!ﬁlﬁs

communi cati on systemns, Subscrip aare s
regi ster éﬁ&ﬁhﬂ?qron1the nmobi | e services switching center. For

exanpl e, hg the pan- Eu@ggﬁg}dﬂﬂﬂt&ﬁ tHRDI 45 &R cat i on

' One of the supplementary services of modern mobile
communication systems is call forwarding which can be
activated by a mobile subsc;ibér. It is possiblejfor the
subscriber to determine various kinds of cailﬁforwarding
15 functions. In an unconditional call forwarding, a mobile
terminating call is always forwarded to a given call
ﬁorwarding number. In a conditional call forwarding, a
mobile terminating call is forwarded upon fulfilment of a
_ specific condition; for example, when the éubsc:iber is
20 busy, when the mobile station cannot be reached, or when
it is possible to establish a connection to the mobile
station but the subscriber does not respond within a

preset period of time. _
In the most recent mobile communication systems,
25 the subscriber data are stored in a subscriber register
separate from the mobile services switching center. For
example, in the pan-Eurcopean digital mobile communication
system GSM (Global System for Mobile Communications), the
subscriber data are maintained in a network element
30 separate from the mobile services switching center MSC,
i.e. in a home location register HLR, and in a visitor
location register VLR located at the switching center MSC
but operationally separate from it. Information on the
call forwarding is obtained, depending on the phase of the
35 call, from either one of the registers as a result of a
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enquiry by t%@tm%ee NI IR LY e ekt lenfervices swigrhipg sentps.

regi sters VLRedtHdrR ofoveheer regdstars VLR ornfBLRRt ildweifer hecphassnof

t he forwardi .ch |s,. bei n t all i shed.. Cons ent | t he

regi ster pr o@%&%’?dﬁ?\gg% o NGB | BREEP, ° eg' %Oﬁ’ﬁﬁd%'t%7 "E’%léh 1s

f orwar di ng nieiaxg establdshed.f Consemisntd ysethiec #Fegisitecrhprgvidesethe

al readyghad i 1P r Ié f [ ... € cLi in a
set-up phasewq%ﬁé_a orenéﬁ%?pﬁgggﬁgggg %%Fé?%i?ﬁ% i%nfé?agraaﬁéréhggéﬁbile
subscri ber af¥e@ndithefheoBrPéleupseviges @witching wankey belready padlic

switched tel gpehreialr kRS ding cal®. 8f MR SHR RANSSE-{BOM DhSawor K
pl ace tel ephone conneci.ed tq the PSTN), place_a call forwarding to
each off& B BRRBPNg F)ftl?‘fa a rﬁw%@d’ﬁ%ieeéﬂ st h& s§kpuation
subscri ber nwilesle ar mobikepbabecriliesr anticahoobeznmebdllessubberibalkl or
subsor LBers BogubREr LI aN S MHPLS SV ' {repnone EotiotE o,
i nfformati on. (€hg." ehbieessavel | pévsonr dirgt his work place telephone ‘
- connected to the PSTN), place a call forwarding to each
other, resulting in a third person who calls the same
subscriber number or work place number creating an endless
15 call forwarding, if the telephone network between the
. forwarding subscribers does not support transfer of the
- call forwarding information. The nendless call forwarding”
finally results in all the trunk circuits between the
. switching centers being reserved for this one call until
20 there is no free trunk circuit, whereby all the circuits
reserved for the call are released. Both the unconditional
and conditional call forwardings cause problems between a
mobile subscriber and a PSTN subscriber, as well as
‘between two mobile subscribers in different networks.
25 Between mobile subscribers within the same network but in
service areas of different switching centers, problems
occur in- connection with conditional call forwardings.
Disclosure of the Invention ' ' |
It is an object of the present invention to avoid
30 endless call forwarding in mobile communication systems.
This is achieved by an arrangement set forth in the
introduction, which according to the invention is
characterized in that
the mobile services switching center comprises a
35 call forwarding database which stores a directory number
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the call control of the mobile services switching
center is arranged, in response to the diréctory number of
the forwarding party not being included in the call
forwarding database, to insert the directory number of the

15 forwarding party in the call forwarding database, and to
continue the call forwarding.

In the present invention, the mobile services
switching center comprises a call forwarding database
which stores the directory numbers of the forwarding

20 mobile subscribers during the set-up phase of the call
forwarding call. The call control of the mobile services
switching center employs the call forwarding database in
association with call forwarding calls. The call control
inserts the directory number in the call forwarding

25 database when a call forwarding is for the first time made
from this directory number. As the mobile services
switching center, during normal signalling between the
switching centers, obtains information on the fact that
call set-up has been discontinued or interrupted, the

30 mobile-services-switching center deletes the directory

' number from the call forwarding database. Upon receiving a
command from the subscriber database to perform a call
forwarding, the call control each time checks whether the
forwarding directory number is included in the database,

35 i.e. whether it already has a call forwarding-call in a
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del etes the drrector rom d call” f or et
receiving a precauhianartr @mheu§ubycmeaas dftwhach tbepéxlbmgaupadaf

f orwar di §g, tEﬁecachallta%’ilééC"ca‘i"?CBet'é%ﬁ@&kin‘m@égi@r ttﬂée call f@&‘f‘@{é’i ng

directory nunber ;is 1ncluded | n the database ready
has a call fofWatBEndREiYnGiien does ngfp yeFedxs4 1nformatlon on the

PCT/ FI1 95/ 00704iscontinuing of the call establisiment and/or does not
delete the directory number from the database. If the

on

precautionary time-out expires, the call control deletes
15 . the directory number from the database even if the call
set-up had not ended. Due to the fact that the number of
the forwarding mobile subscriber is in the database during
the call set-up only, the database need not include
records for all the subscribers within the MSC.éervice
20 area. This allows to keep the database relatively small.

' The present invention makes it possible to prevent
the developing of an endless call forwarding loop by
internal changes in the mobile services-switching center
without any need for deviations from specifications

25 determined for each mobile communication system,
regarding, e.g, externallsignalling; If an attempt were
made to store the data on whether a call set-up is
currently in progress or not, for example, in subscriber
databases, it would fequire-that.the forwarding mobile

30 services switching center would have to send information

. on the progress of the call set-up, and particularly on
its ceasing, to the subscriber database to enable deletion
from the database of information on the. call forwarding
call. The aforementioned alternative embodiment would,
35 according to the GSM recommendations, be impossible to
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set - up. phase. Consequently, if the sane call during the call set-up
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route, the W496/2884t rol detects by a check into the cal PCF g”&‘i‘ng
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illustrating the set-up of a moblle termlnatlng call in
the GSM mobile communlcatlon system,

Figure 2 shows a block dlagram of a mobile services
switching center according to the invention, '

20 Figure 3 is a flow chart illustrating the operation
of the mobile services switching center according to the
invention, and

Figure 4 'is a block. and signalling diagram
illustrating a call set-up event according to the

25 inventioh. '

The Preferred Embodiments of the Invention

The present invention can be applied to mobile
communication systems which employ a call forwarding
service and which store subscriber information in

30 subscriber databases that are operationally separate from
the mobile services switching center, and in which
signalling between switching centers does not transfer
information on whether the call that is being set-up is a
forwarded call, or transfers this information

35  inadequately. The present invention is particularly well
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Figure 1 very briefly illustrates the basic
elements of the GSM system without going any further into
their. characteristics or other sub-areas of .the system.
For a closer description of the GSM system, the GSM
recommendations and- "The GSM System for Mobile

~Communications",_Mt Mouly & M. Pautet, Palaiseau, France,

1992, ISBN: 2-9507190-0-7 are referred to.

The mobile services switching centre MSC handles
the connecting of incoming and outgoing calls. It carries
out functions similar to those of an exchange of a public
switched telephone network (PSTN). In addition to these,
it also carries out functions characteristic of mobile
communications only, such as subscriber location
management in co-operation with the subscriber registers
of the network. As subscriber reglsters, the GSM system
includes the home location register HLR and the visitor
location register VLR. The HLR permanently stores the

’ subscriber'information as well as information on which VLR

30

35

area the MS is located in. The visitor location register
VLR, in turn, temporarily stores the subscriber
information of the mobile station MS during the time the
mobile station is located in the area of the mobile
services switching center MSC connected - to the visitor
location register VLR. One VIR typically serves one mobile
services switching center MSC. The mobile stations MS are

, Sthé ChrageepabET

to the agconpamiigigadr aWcegsmuniltadiiosh 1@ystem) ahlaour genl (Fer@onQHOCk
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The present invention can be applied to nobile conmmuni catJ t ens
whi ch enpl PB4 f or war di ng service and which store ?ﬁ@@ﬁf"@r
i'nformation in 30 subscr.i ber dat abases thgt are operationally separate
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signal ling between switching centers does not transfer I nformati on on
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articul arl
F|;C-|-/ Fl 95/ 00¥04 systems. BSS The base station sysfgem BSS corgq},qt@j of a

preventing an asxk&sstathibnf chdmle&mfogsci land baséhetRAidns omsn One

digital nobile commnlctlon te t f
Communi cat i ons)P2%hd SFR3ORe cdntr ni%‘?lfn P&F n’cé) Pﬁeaorﬁ%?\?%&?‘giﬁ §¢ tegr?&
?gch as P(SSlSO(baas';)e stéﬂ.@nsaBTSSCOWrunl catlon System and  PCN

er sona mruni ca
El A/ TI A | NTERI M st and%% I’{’QQF 5b Q'r% oWl ng, Sé(ﬁrgﬁ°%§%ghag fhg"gttg%ns
of the inventi omawi | bebe dﬁé:sammbaﬂ asb¥ppkihed mObllet o subsceibeyst emThe

Wi thout, howevef, féﬁéﬁicfﬁ'aﬂ the éQn EB¥RALESAG! hﬁhefteons petivated by
Fi gure 1very briefly i1llustrates the basic el enent s

syst em wi t hout 3% n§URSFTAREENATYS nP@rmanent]KestogRs) aht th%t |Sé’g’sé’|r1&q¥er
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t he _

on the activated conditional call forwardings, at least,
is also supplied to the visitor location register VLR

serving the subscriber, and stored therein. _ -
To facilitate wunderstanding of the  present
15 invention, the foliowing describes establishing of a
mobile station MS terminating call in the GSM system, with
reference to Figure 1. It is_ assumed that a call from a
-public switched telephone network PSTN is received at a
gateway mobile services 'switchiﬁg center GMSC of the
20 mobile communication network. The GMSC carries out a
routing information interrogation 1 to the HLR, which is
determined by the subscriber number MSISDN of the
subscriber. Within the routing information interrogation
1, the MSISDN number of the subscriber is also sent.
25 During location updating,' the HLR is updated with
. information on which visitor location register VLR area
the mobile subscriber is located in. The HLR checks
whéther the called subscriber has an unconditional call
forwarding, or whether the subscriber is detached from the
30 network and whether the subscriber has an active call
forwarding for such a situation. If that is the case, the
HLR supplies the GMSC with information on an active call
forwarding and a call forwarding number in a response
message 2. Following this, the GMSC routes the call on the

35 basis of the call forwarding number.
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information as well as information on
| ocated in. THWetH dnfQrmasdan on eyt ch &L Jphe VAR areaﬁ tbGrEUbscrlber

tenporarely &tsormcaﬁéw insulrher iVIR2 allotatesmat iraniing heufibe: | AsrN
statlonIVBdurl thet”%g%m gghte statlonlslocatedinthe ﬁrea
of the nobile? TEARSALSE L F_nFRG P FC THINAS BEF829Retvi Theor
| ocati on regi 8&, {oRtulms WrRnsmitslthe sevamingneumnbér | foBkardseénvihes
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BTS. One base station contrgller BSC |s used to control several
register VLR2 has allocated the roaming number. Therefore, ‘

the GMSC is able to route the call by transmitting an
initial address message 5 to the MSC2 indicated by the
roaminé number.

15 . | Upon receiving the initial address message 5, the
.MSC2 notices in the roaming number analysis that the call
will terminate at the service area of the same MSC, and it
is not intended to be forwarded. The MSC2 then requests in
message 6 information for call set-up. from the VLR2.

20 Normally, the visitor location register VLR2 returns the
information required in a response message 7, and the call
‘will be set up to the mobile station MS through the base
station system BSS. If the subscriber is.busy, or located
-in a shadowed area or does not respond to the call, the

25 "MSC2 detects the state of the subscriber and informs the
VLR2, whereby the VLR2 checks whether a call forwarding'is
active. If there is a call forwarding in an active state,
the VLR2 returns the call forwarding number to the MSC2.

_ The MSC2 then routes the call forward on the basis of the

- 30 ‘call forwarding number (8). :
In a mobile system such as the one described above,
the mobile services switching centers GMSC and MSC2 .do not
"have any information on whether a mobile subscriber
already has a previous forwarded call in set-up phase. The

35 initial address messages 5 forwarded by one center to the
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5 base stations BTS. As noted above, various call forwarding
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an active call f or war dj for such,a situation is the case
t he HLR sUppPsagetes WW?%H%‘M%WW ot AFacticrr &g MSC may
forwardi ng and aigelhdéoawd#irdgy Ainber iof avaesPasskinds _ofreaaegeea and

Fol 1 owing this, #0EOBGT eHLES e | R NE Pesabi®l s Ohe! 1" 4d  che

present invention is concerned. Trunk circuits 5 are

15 coupled to the switching matrix to the PSTN (in the GMSC),

trunk circuits 3 to other MSCs, trunk circuits 4 (to the

base station systems BSS), and sighalling lines 6 to the

subscriber databases HLR and VLR2 and possibly to other

network elements. As an example of such a switching-

20 exchange, the ©Nokia Telecommunications DX200 MSC is
mentioned.

The MSC according to the invention furthermore
comprises a call forwarding database CF 16, which stores
the MSISDN numbers of the forwarding mobile subscribers

25 during the call set-up phase. The database 16 is connected
to thé call control 13 through an intermnal bus 11. As the
MSISDN number of the forwarding subscriber is stored in
the database 16 for the time period of the call set-up
only, the database 16 need not have records for all the

30 mobile subscribers within the service area of the MSC. The
call control 13 directs three types of operations to the
database 16. In the following, these operations are
described with reference to Figure 3:

- check_MSISDN. This operation is employed by the

35 call control in all the situations in which set-up of a
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8 If the HLR notices that no active call forwarding

exi sts, WO®9a0s54s out a roam ng nunber request 3 to the PCT/FIOS0B2A4 At t he
| ocation updating, the HLR has been updated with informati on on which
of the VLR areas the subscriber 5 is Ibkated in. The VLR2 allocates a
roam ng nunber NSRN and transmts it to the HLR in a response nessage
4. The HLR, in turn, transmts the roam ng nunber forward in the

boon S0 det ordt phcbORRERRBICRRLY, €5, e 10 CYALARL: dF RguRdhat, oh er

M5C whose \vexample, | thaticall contrcélglm ereh’éRthaa alelmaiaﬂﬂﬂg’le:atn'am ng
nunber. Theregf ARG | t th I trans tting
an |n|t|]g‘lr' ad'c:iress nel}%gage95 ts% &I\/g&?%ﬁ?‘ca?ggaby é n&
roam ng nunmbedepanding on tbgorcaeeei g Fhouraitllal &@mre% nestage: 5,

the . 5 MC2Mobip8gat NohNiERAK BE EM@bﬁLRa@ﬁJ x:‘ﬂes Wf?&at(éﬂ?fp o3yl The
will termnate at the service_area of the sane 'S not

i ntended to H&CRor ¥ dddie T%%@W%qb&ténf-ﬁmmg n%gsa"g*EEG call
i nf ormati on ffwrﬁﬁdlﬁgtt@mfémiflﬂc\&m ﬁ’&waf@:tr!@|ﬂLMnbéfle(s:ti§p t39) .

| ocation register VLR2 returns tion requir n a, response
nessage 7, %ﬂtﬁ}é ald case. FI %CMW‘?%% E‘F&#‘ison(sl\@
t hr ough the bm;)e whethest alicorMSTSDIRIN BSSalkfeadye md:)]smded)emnl shbusqa,llor

VBO. aaiect s AT HERARER, e DRA e ER Ko (b dBofiBy o WheDor,

the VLR2 checkesl wheandirad cdl- féfvvaii}(# ndMSESDN1 l@ctcvétalnedheik@ |tshea

cal | forwar didyk 415a 86 ﬁ@tltaestc%tla_ contrsitelé/LPéléséaéns.hta_heaqq"(fstep _
f orwar di ng nunber h C2 .then routes the cal or ward

t MS
on the basis 33 theg3(§he é’éﬂsmﬂ' vwhP dPRE Adfddrdeds)in the database riLGd
nobi | e syst emisgicdabBb ¢ORCPOE deattihbed sheveall set-up. :

15 - insert MSISDN. This operation is employed by the
"~ call control 13 if the check_MSISDN'operation (step 34)

has responded with such an information that the MSISDN1 is
not included in the database 16. The operation (step 36)
inserts MSISDN1l in the database 16, and activates a

20 - 'precautionary time-out in a timer 12 for a record reserved
for the MSISDN. Following this, the call control 13
continues the call forwarding normally (step 37).

- delete_MSISDN. This operation is employed by the

call control 13 when the call set-up terminates, i.e. when’

25 the called subscriber answers, or when the call set-up is
interrupted for any other reason (step 38). The operation
releases the record from a database 16 by deleting ‘the
MSISDNi (step 39). In the same context, the precautionary
time-out of the record in timer 12 is deactivated.

30 If the result of step 38 is negative, a check is
performed on whether the time-out 12 has expired (step
40) . Upon expiration of the precautlonary time-out, the
MSISDN1 included in the record is deleted from the
database (step 39). The precautionary time-out is required

35 to protect the database 16 from f£illing up in case the
call control 13 during malfunction does not delete the

.'.l:)

4



tahe‘rmbi | e services swtching centers GVBC and MSC2 do not have any

I nformati on on whet her a nobil e subscri ber al ready has a previous
forwar ded cwblosiossset - up phase. The 35 initial address nessECEAI9500704
forwarded by one center to the WO 96/ 20554

PCT/ FI 95/ 00704 11 9 ot her do not
contain this information, either. Thus, it is possi bl e that an
endl ess call forwarding |oop:will be devel oped- as descri bed above.

Figure 2 illustrates a bl ock_di agram of nobile 5 servi ces sw tching.
center MSC accofdiFRGToF% ﬁ‘é‘%ﬂﬁ%ﬁlﬂ From dasiaranass etenting the
devel opnent of an endl @ss afid followimygpr dthe | eperakdbn easonsed MscC

larity, I ] [ ix .11 dth I trol_of th
are shown 1n - aetopBlg¥co che Tiedtith M HRERL AR ARERHB T o
10  distri but ewitbnpueerepseentoonBigereg £omAs effarl3asndFagure 4aessage
bus | nt er cgnnectingetaed, i AAUdditod thdSLiiise acldAddhd LaHHng

e unc a

number of various Kkinds of devices an i ons t are not, .
“however, essent MB8C £8xf Aobdid & [pabscribans dntandentansh $imebirreensly Tasink

circuits 5 are the ! edwhedshaman peiNgTHR! rini AP EiBsBSINeti N Nene
ave(O) , trunﬁ circuits 3 to other sxg)Cs trunk_circui

_ , hs 4 (to the
base station sySfdrs SES)UP oHE i §FAMN iSHPITHERES Fo VRLCR 1s <QuRlSd e
dat abases HLR anteVIRETHRNnGyuimaidd YVEKQ.otler is assomédorthat eghet snobslan

examl e 0f (SUCh B uiellng 20,5 SX AR ed 61 VUL Ava Bl 55 LTINS A4S

subscriber C, and the subscriber C has an activated call

forwarding to the mobile subscriber A. Hence, there exists

a situation which would cause an endless call forwarding

loop between the exchanges MSC and EXC in a network not
15 conveying the call forwarding information.

Let us assume that a mobile subscriber B places a
call to a mobile subscriber A. As the call of the calling
subscriber B is received at the MSC (step 1), the MSC
requests the routing information of A from the home

20 location register HLR (step 2) which returns the directory
number of the subscriber C as the call forwarding number
(step 3). The MSC checks whether the directory number of
the subscriber A 1is already included in the call
forwarding database, i.e. whether A already has a call
- 25 forwarding call in set-up phase. As this is not the case,
‘the directory number of the subscriber A is inserted in
the .call forwarding database in the MSC (step 4).
Following this, the MSC establishes a call to the exchange
EXC of the subscriber C (step 5). The exchange EXC detects
30 on the basis of the subscriber database it maintains that
the subscriber C has an active call forwarding to the
subscriber A (step 6). As a result, the exchange C re-
establishes the call to the mobile services switching
center MSC (step 7). Upon receiving the call from the
35 exchange C, the MSC does not know that the call is a
returning forwarded call, and handles the call in the



The MSC according to the invention furthernore conprises a call
forwardi ng database CF 16, which stores t he MSI SDN nunbers of the

f or war di WQ 9628%84c subscri bers 25 during the call set-up PREESS0ME

dat abase 16 is connected to the call_ control 13 through an internal
bus 11. As the MBI SDN nunber of the %%rwar di ng subscriber is stored in
the database 16 for the tine period of the call set-up only, the

dat abase 16 need not have records for all the 30 nobi | e subscri bers

V\nthlnthes a f th e cal 13 directs,three
types of oper acf%aﬁls toq}r}% in g%:gégsew?gdsrn t{'}ﬁ% Mﬁ’?oﬁe@l eqhf g bhe
oper at i ons " amouting dgsipination (9f tdfemibsenibay Jufect the HLR (step -
check MsI SDN.g Thlacn @tmgi@ iy f:gp{.g‘y@flngy f I oL Il
the situati ons in vﬁﬁ set-u §% V\%g ?ggﬁgﬁsﬂ’ nﬁ%{e.rc Bf tnd
PCT/ Fl 95/ 007GMbscriber C as the call forwarding mumber (stepgP). The
folr}Nardlstﬁg f:adlstsc l@é@csbenhé\%ﬁeﬁtﬂ@e diﬂr&:ﬂélf? Bumbét of theeéﬁﬁﬂt::glbbgenb
call contro receives, a ter ing c di rec y nunber
Ve SO (v ed 315 hreaay 5 fuaRH oM, Bie « fallactbrvaiaieg RGappbe.
carries out an.e.5 whemleerogaheonsabslce&bb@ t Be- Hiready hehad R ésteal&Z)
The L espo i he.
f orwar di ng t(l)% ﬁ;aprte%ﬁ?é/cg%]% §#Iorg%gr gf%né) e?gs( (s){%ép §§§gu-‘°ry nPH'bsﬁch a
case, the chmmesmuwmenrﬁcmw%ltsa@p at an @4rliket Bbagehd swBPSDNL
i's alregdy ingl ‘Bifé}x '{hééfﬁt&?*" in 1ohe éé’:[Y‘ﬁféfﬂ?réfﬁ&béééaﬁﬁse?”ghéehébns
the response tq the control i's contained
in the releases the call and thus prevents the development of an (
endless call forwarding loop. )
The figures and their description are only intended
to illustrate the present invention. It is obvious for a
15  person skilled in the art that modifications and
alterations may be made to .the solutions described,
without | departing from the scope and spirit of the
attached claims.
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dat abase 16, the call control 13 releases the call (step 35). If the
MBI SDN1 is not included in the database 16, the call control
continues WOe9628554 set-up. 15 - insert MSISDN. Thi sSPEPEPSOIT4 i s
enpl oyed by the call control 13 if the check_MSI SDN operation (step
34) has responded with such an informetion that the MSISDNL is

not included in the database 16. The operation (step 36) I nserts

MBI SDN1 i n the database 16, and activates a 20 precautionary tine-out in
atinmer 12 for a record reserved quf:l_tiheS MBI SDN. Fol lowi ng this, the
call control 13 continues the call 5%ﬁ%rding normal ly (step 37).

- delete_ MSISDN. This operation is enployed by the call control 13

when the call set-up termpRatgs.adgdmedtein?a m&ﬂ‘ielcfcaééféiéEQS%Wit&%in
answers, or when the call set-up I's Interrupted for any other reason
(step 38). The ¥peieXi ofPr forwprding tfe FubSFYibPEEM diyschipzye nEMbpr

deleting the terMfhabMg(HAn 380 d Nchhe SEovHATERKt nukberPrWiessh i gRAry
time-out of the record in_tiner 12 is deacti vat

ed. 30 I f the
fesult of step ERETLEYRYUATIR 2 FERAKALS SUbSCTIREY Sarabase \(ilfhe ViR

tinme-out 12 hasc expareda(Stepe r i 40¢. dUpanthxpi ration of the
" precautionary tine-out,,the I.ncl ude

deleted from the th%Iat é‘}?fsjele(wss'l[ ggNriféf?sThes‘ﬁg%%égF?gggﬁ%}{ ee%?nrefjo(MS%l)s

required 35 tooqpuizes aheaddt doavartdng diatfabaseng(1f) iwhiaBesthres a

o) e oniy oy BIHSEES TG 50 LRemPla Y A o il BORRT
of a forwarded call is in progress,

the call control (13) of the mobile services
switching center is arranged to check, prior to initiating
call forwarding, whether the directory number of the

15 forwarding party is included in the call forwarding
' database (16), _

the call control (13) of the mobile services
switching center is arranged to release the call in
response to the directory number of the forwarding party

20 being included in the call forwarding database,

the call control (13) of the mobile services
switching center is arranged, in response to the directory
number of the forwarding party not beiﬂg included in the
call férwarding database (16), to insert the'directory

25 - number of the forwarding party in the call forwarding
database, and to continue the call forwarding.

2. An arrangement as claimed in claim 1,
characterizedin that the call control (13) of
the mobile services switching center is arranged to delete

30 the directory number of the forwarding party from the call
forwarding database (16) when the set-up of the forwarded
call terminates or is interrupted. _

3. An arrangemént as claimed in c¢laim 1 or 2,
characterized by a time-out (12), which the

35 call control (13) of the mobile services switching center
activates when the directory number of the forwarding

* [+ L M H *




In the followng, the operation of the MC according to the

invention is exam ned on a network | evel with reference to Figure
4. As {WO%RMSMgure 4 is 5 concerned, it is assuned PEHFDPSARIONYSC
acts as the serving : VMSC for nobile subscribers A and B, and

si mul taneously as the GVBC towards tife PSTN. The third subscriber in
t he call set-up is a PSTN subscriber C, which is coupled to t he

PSTN exchange EXC It i.s assunmed that the .nobile 10 subscri ber A has an

activated call a}y‘ﬂig' Egste(?c&telale 7 the cal ls"?o ng{ h%aﬁ%’siti?% (16),

subscri ber C l‘? activate Fwar
subscri ber A aﬂ&\cyhllcherélmﬁrgtl‘é the C&lls'htaantm'nlmelhomsl dvlemus € hen

endl ess cal | Q@AY number ! 88Phgt m&ﬂ&ﬂ;&@g 1Q/S§eiigge§x‘§foﬂ1 a

networ k not 15 conveying the call forwarding i"nfoor
us assune thatthe Rl EWHREIInR A pases a "~ call to a nobile

subscri ber A As the 4:a| IAgf tatﬂ-a:ﬁgémém-_ as Séjmﬁﬁé&)el’ iB | Sc1£oRi ved at
the MSC (step 1 reques 9:)% forrratl n of A from

t he hone 20 é’teﬁ iTorf r‘égrr ter *—IL??? r‘F?nttFFé’ i(edt Gy
nunber of the tshdamh:ﬁy sérasidese smaJtchmrgNa:mhtrag: msnharuranged (cst éeldre The

VBC checks whebfiels o P Shlie MWD ROl orvardilly BBRY 8ty Brle> ghgeady

included in thé ca orwar pase, as a -
call 25 forioxwangding |datrbase ufolﬁ))nam rﬁsp@ms te hbe ekpiratdéon of

the dirqet orytwm@foddﬂeﬁ\%gbsgééma&aswwﬁeﬂed in the call

forwardi ng database in the (step FolTowing this, the MSC
establishes a call tc&t he%xcﬁaﬁﬁé‘gementEXCan tHead cr itBer €ahepls). (

The exchange BXG detreetic W e ©N téwee t&iSIJ:h ofeHdte %lhléSCfnbbﬁ.ﬂ.edabéB&ieebt
mai ntai ns t hat the subscri ber an act forwardin

ent S8 2’\/?; erv1ce ? bo Lhe
subscriber A CYEEFHERY p&eR ?Jésﬂrlst t%% e¥e¥a ere*S 2 PYAEFEARY t he
call to the noenterse(@M8es, svand:hlthgt the cera.’rlé.r fB0vésdibpg7 )nunlipan is

receivi Qg t he gl JdPp L t know that the
call is ret urnlng%rmr&iﬁ}%mn %:F%écethe ca?) in the
arrangement as claimed in claim 1, :
characterized in that the mobile services
switching center is the center (MSC2) serving the mobile
. subscriber, and that the call forwarding  number is
20 obtained from the visitor location register (VLR2).

7. An arrangement as claimed in. any one of the
previous claims, c haracterizedin that mobile
services switching center is the switching center of the
GSM mobile communication system or a similar system.
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12 normal manner. In other words, the MSC requests the

rauti ng i nf ¥O9420558 of t he subscriber A fromthe HLR (step  PCI/FB5/007ad
the HLR again returns the directory num®r of the subscri ber C as the
cal:-l forwardi ng nunber (step 9). The 5 MSC checks whether the directory
nunber of the subscri ber Ais al ready'i ncluded in the call forwarding
dat abase, i.e. whether the pubscriperd-A-alread as a call '
forwarding call in set-up phase. Re Hirectol 3)/ _ r of the
subscri ber A has already at an eakb Lt age? (st 4) been inserted in
the call forwarding database, the,/NBC rel eased the call and thus
prevents the devel opnent of gn / ,// endless call Ifq'rvvardl ng | oop.

The figures and their descri f\uon»\,aae only |nt§ dedl toillustrate the
present invention. It is obvmusfor a 15 SO IIed in the art

that nodifications and ,' /'alteratlons ~may be 'made to the
sol utions descri bed, Z foM ¢ e scope and

spirit of thRTy at tfached d -~ - -~
PSPON = GMSC MSC2 [--1 BSS [~"MS
I1SON
FIG. 1
A % B

MSC - HLR

VLR

EXC

FIG. &
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ai ns WO 96/20554 1. An arrangenent in a nobile services EOWE®067084
center for forwarding a subscriber directory nunber 5 term nating

call to a call forwarding number whi &3 s retrieved froma separate
subscri ber database (HLR VLR2), characteri zedin that
the nobile services switching center (MsC) conprises a call.

forwar di ng dat abase (16) which stores a
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,10‘ directory nunber of a forwarding party fromwhich a set-up of a

forwarded call is in progress, the call control (13) of the
mobi | e ser w0®620554 switching center is arranged to check, BCTEFI9S/0§704
i"nitiating call forwarding, whgyyBer the directory nunber of the 15
forwarding party is included in the call forwarding dat abase
(16), the call con of the nobile services

switching center is arranged tpSTARIE the call in response to the
di rectory nunber of the forwar y 20 being included in the call
f orwar di ng dat abase, call control (13) of the nobile

services SW a nsg.to the directory
nunber of the for\/\g%mﬁﬁérﬁ&(hg?m W“ﬂﬁ'sgﬂ ||n“ i@ cal |

forwardi ng database (16), to msert the directory 25 nunber of the
forwarding party in the | 1 di ng dat abase, and to continue the
cal | forwarding. menk, claimed in claima1l,
characteriz rHLRNLRAEmEEmeMP ro?(lS) of t he nobil e
services sw tching cent er is arranéed to delete 30 the directory nunber
of the forwardi ng party—oemtire—~ca forpar di ng database (16) when
the set-up of the for FWRNLRQESR@N‘SEMS or is interrupted.
3Anarrangementasca|cfﬁ‘d_' , 33characterize
d by a time-out (12), whis :
services sw tching center

f or war di ng WO 96/ 20554
PCT/ FI 95/ 00704

o Ol (13) of the nobile
act vat esswen the directory nunmber of the

YES

MSISDN1 INCLUDED
IN DATABASE
167

RELEASE K 35
CALL |

INSERT MSISDN1 IN DATABASE 16.
ACTIVATE TIME-OUT 12.

CONTINUE CALL FORWARDING (.37

SET-UP ENDED
OR INTERRUPTED

DELETE MSISDN1 FROM DATABASE 16. 39
REMOVE TIME-OUT 12.

y

END

FIG. 3
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.ba'riy Is inserted in the call forwarding d@%%e%(i}%

6.

e d
(M5
nuni
7.

r a
SW {
sysl

‘time-out the call control renoves when the . directory nu@g '“,:-_
f or war di ng paP@Ts del et ewowﬂlgngla umuIORMWNdi ng dat S

. An arrangenment as clained in act er.|i

e din WWERNA%@W APRIJGATION PYBLISHED UNDERtTHE PMENT&%%?WQNW ﬁ’&“
cen si)mmmmcthMe t he| @) mRérhdtionhl Puniidafon Nabandre T Or WED 96/20554
par 5?5 g@j‘b .mzforvvardl g dpt abase (16) in response to the

exp ratlon or 1 t *tine-out (1 ) as@m-mmmmaﬁmnm 4 July 1996%04.07.96)
An Far allgcuclu S cHared rT—ctarm T aT a ct e T 1T Zz¢ed
i N { RBtintkrRstiondd RpyliCatiGIENMHLEE S PCT/FBS00@Hi( nergmarsmee Aa,, y mbchm BY, CA,
seryices switchin cent er % 9% andc IS IP,
nunb @ WW@“‘F@H%%ed 1 Dgsrmben o1 GhE- )ocat i 0 ¥ M. MG,

: PL.PT RO RU, SD, S
An arrangenent as clainmed in llai m §g,'sL SK, 17, T™, In'ramcu@,us txz,&'nrmop&Exl

(30)Priofith Data: t he nobile services SV\A tachtl( BE@RBE.DKSEStmGBmRtErH LU,
0) SE#Ng t he nedepember 1994 (234349 c r Flde qv;e W‘*‘ ’t‘i’é,
per is 20 obt ai ned fromthe visitor Ioca (
%ﬁﬁﬁﬂﬂ%ﬁak dafgnﬂdwdmw U8/2Y NORR |0 pr evi ous cl ai s,
c GELEGOMMUNICATIONS! O {[FI/FT);0Mékieylan puis- serV| ces switching center is the
B . .

Chl n @etie &rFN:026Q9fEspop &D. GSM robi | e &Wlmq%%%lmﬁymthnpw a sinlar
39)1 ln&ors, and 30 Before the expiration of the time limit for amending the
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(57) Abstract

The present invention relates to an improvement in a mobile services sw:tchmg center, employed for pnventmg and endless call
forwarding between a mobile subscriber and a subscriber located in the service area of another swm:hmg center in a case where the
subscribers have activated a call forwarding to each other. 1t is posslble to prevent endless call forwarding in a mobile services switching
center by storing the directory number of the forwarding subscriber in a special-purpose database (16) during the call forwarding. The
contents of the database are compared to the directory number of the forwudmgsubmwmconmcuon with every call forwarding call.
If, dunng the checking, the directory number of the forwarding subscriber is found in the database, the call control (13) of the mobile
services switching center dlsconnnues the call set-up. .




