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BACKGROUND OF THE | NVENTI ON [0001] The invention relates to packet sw tched
porti ons wh omwobisbe networks, and particularly to the sharcagrafioosn7Ser vi ng
GPRS Support Node 5 (SGSN) in a radio network shared by different network
operators. The Ceneral Packet Radi o Service (GPRS) was designed to

all eviate the drawbacks of the GSM system (the d obal System for Mbile
Communi cations) and to allow packet switched applications to be used in a
nmobi | e network. GPRS networks are also used for third generation nobile
net wor ks. 1BELEOTING GiGSNJNrSHARERMABHIE NERYWOIRKors are interested in
appl yi ng a shared network in such a way that two or nore operators would
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a mobile cover a certain area (e.g. a rural area) with a shared network belonging to all of
them. This shared network is then an equivalent network to the home network
20 of a Mobile Station (MS) belonging to one of the operators. The shared
network will not have a subscriber register (HLR, Home Location Register) and
may not have a Gateway GPRS Support Node (GGSN).Another example is an
‘established operator’ who has a national roaming agreement with a ‘greenfield
operator’, so that in a part of the country (e.g. a rural area), the greenfield
25  operator uses the established operator's coverage. The established operator's
network is thus equivalent to the home network of an MS (belonging to the
greenfield operator).
[0003] The operators of shared networks will be competing with
each other by offering diverse subscriber connections and services, and
30 therefore all the operators have preferably at least one GGSN of their own. A
Mobile Virtual Network Operator (MVNO) may only have GGSNs and an HLR,
and it gains access through other operators.
[0004] A problem in the above arrangement is that the SGSNs
currently employ methods in which the GGSN of the network where a mobile
35 station is located at a given moment is selected as its GGSN, which is thus not
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[0006] The underlying idea of the invention is that information
relating to predefined partner networks that are equivalent to the home network

20 is maintained in mobile networks, the information being checked when a
mobile station is to be connected to a GGSN.

[0007] In this context, the term *home network’ is used to refer to the
actual home network of a mobile station, i.e. to the network of its home
network operator. The term ‘partner network’ refers to a network having an

25 agreement to provide access to the other network and/or to gain access
through the other network. Examples of partner network operators are MVNOs
or roaming partners. The term ‘shared network’ refers to networks providing
access to more than one operator. In other words 'a shared network element’
can be a property of a first network but a second network may use it. It can

30 also be commonly owned by the first and the second network. The term
‘equivalent network’ is used for networks that are equivalent to the home
network.

[0008] An advantage of the method and system of the invention is
that on the basis of the partner information maintained in the system, the



that on the basis of the partner information maintained in the system the
WO 03/058996 PCT/ FI 03/ 00007 3 appropriate GGSN can be sel ected on the
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|l ocated . [0009] In particular, a GGSN | ocated in a network belonging to
the honme operator can be sel ected when appropriate (i.e. a GGSN nanaged by
5 the hone operator is located in the sane or a near-by country). For
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[0013] In the following, preferred embodiments of the invention will
be described with reference to a third generation mobile communications
system, such as the UMTS (Universal Mobile Communications System). This

20 invention is not, however, meant to be restricted to these embodiments.
Consequently, the invention may be applied in any mobile communications
system that provides GPRS-type packet switched radio service capable of
transmitting packet-switched data. Examples of other systems include the IMT-
2000, 1S-41, GSM, or the like, such as the PCS (Personal Communication

25 System) or the DCS 1800 (Digital Cellular System for 1800 MHz). The
specifications of mobile communications systems and particularly those of the
IMT-2000 and the UMTS advance rapidly. This may require additional changes
to the invention. For this reason, the terminology and the expressions used
should be interpreted in their broadest sense since they meant to illustrate the

30 invention and not to restrict it. The relevant inventive aspect is the functionality
concerned, not the network element or equipment where it is executed.

[0014] Figure 1 shows a simplified architecture of the packet
switched portion of the UMTS in which only the elements essential for the
invention are included. It is apparent to a person skilled in the art that a

35 common mobile communications system also comprises other functions and
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swi t ched por e core network CN1 conprises a Hone Location
Regi ster HIUNpdedHsNI and GGSN1. The core network described herein is based
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within its SELUHGE BRRA m2gNEe idihel NerclRObEREIR, Such as the PLMN, PSTN

(Public Switched Telephone Network) and ISDN (Integrated Services Digital

20 Network), or packet switched networks, such as the Internet and the X.25. The
packet switched portion of the core network CN1 comprises a Home Location
Register HLR1, SGSN1 and GGSN1. The core network described herein is
based on the third generation UMTS network. Core networks of other kinds of
systems, such as the 1S-41, may comprise other network elements.

25 [0018] In the third generation mobile networks, the packet switched
portion utilizes the GPRS system. The GRPS system, which employs a 3G-
radio access (such as the UMTS) or a 2G-radio access (such as the GSM),
comprises GPRS nodes, i.e. a Serving GPRS Node SGSN1 and a Gateway
GPRS Node GGSN1. The primary functions of the SGSN include detecting

30 GPRS-mobile stations MS within its service area, handling the registration
processes of new mobile stations MS together with GPRS registers, sending
data packets to and receiving them from the GPRS-mobile station MS and
maintaining a register of the locations of the mobile stations MS within the
service area. The operation of the SGSN according to the preferred

35 embodiments of the invention is described below with reference to Figures 2
and 4.




processes of new nobile stations MS together with GPRS registers, sending
data packets to and receiving themfromthe GPRS-nobile station M5 and
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enbodi nents of the invention is described belowwith reference to Figures 2
and 4. WD 03/058996 PCT/ FI 03/00007 5 [0019] The main functions of the GGSN
conprise interaction with external data metworks. The GGSN connects the
GPRS network of the operator to external systens, such as the GPRS systens
of other oper at or s[001@3tEnenatainfsctionscol the SESNreqmplisa faerastigh ok )

network or _t . ' hEChy CREBWORR - ofT lilge GGSN
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and their opetatorgta exiermaltsystems, such gpdhe @i‘%% %)6‘%?% ONEHEPBI' W™ hi n
the area o ONGe@Rflid S ichARPHRAIPAReribMototdIpnenirkiotghe o 2metmods SGSNL
and the gateway node 'GGSN1 are 1 te npect ed thl{ougﬁ?ﬁ(’:#we?%
net wor K6 of andld0 eEvIee SWICRIRDGPNISS- Egei%%ﬂ%w&sﬁ%i*ﬁ% e 1P networ k, for
exanpl e. TpheoigeS)hddFesRMEGRRS! mobllid stdBEaN2a Mt thieirabling lifgmoaliery i@ad/ or

physically, w ing the GGSNL in between. [0021] Subscriber data are
stored in @#@é&%ﬁéaaﬁge?egi sters 15 HLRI and HLR2 for M5l and I\t/gg
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respectively, and [0820]i Withindthe heea of oaspantiéhe sapa WebKOKHRLIMbY
station identi.fier h n r n I atgicget Mpbil e
Subscri ber SPREM i Pﬁﬁ%nﬁ%ég §$g§5§gg&th§ot¢w ng vv(r)Hrdl?{séchI rise
subscriber integiosnectest thronghtae iternalonetwask Ofsthes SPEIRIPS W%sg‘ﬂoﬁﬁ

network t hﬁn@%%tggid%iﬁ%ﬂ% iPhehRork! 6r 8R@NBId. AheB GBS 1Ils eohhectedto
regi ster accordin oth

Gescri bed iine GsshleprsferabbHosicgly asdiratyoialy o s e SPsih. e
for use inpagi¥ekk sharing is equivalent PLMN (Public Land Mobile .
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an IMSI (International Mobile Subscriber Identity), and the PDP address. Bot
networks comprise a subscriber register storing the data of those subscribers
whose home network the network in question is. The operation of a subscriber
20 register according to the preferred embodiments of the invention will be
described in connection with Figures 3 and 4.
[0022] A practical feature for use in network sharing is equivalent
PLMN (Public Land Mobile Network). It facilitates the network selection (part of
the cell selection process) made by the MS by giving equal priority to a PLMN
25 that is equivalent to the home PLMN. Other features to guide the network
selection process are available, for example the preferred PLMN list on the
SIM (Subscriber Identity Module) or USIM (UMTS Subscriber Identity Module).
[0023] According to the present invention, information relating to
predefined partner networks is maintained in the HLR and/or the SGSN and is
30 used for selecting the appropriate GGSN. Figure 1 depicts a first Mobile
Station MS1 whose home network is the PLMN1, and a second Mobile Station
MS2, which belongs to the PLMN2. The PLMN1 is a predefined partner
network of the PLMNZ2, and they are typically in the same country. When MS2
is located within an area not covered by its home network PLMN2, it uses the
35 PLMN1 to be connected. The MS1 is naturally using its home network PLMN1
to be connected. So both the MS1 and the MS2 are connected to the same
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[0024] Figure 2 shows signalling according to the first preferred
20 embodiment of the invention. According to the embodiment, a local APN
Operator Identifier (APNOI) is configured in the SGSN1 for each predefined
partner operator sharing the network. This embodiment therefore requires
changes only to the SGSN.
[0025] In the GPRS network, the APN refers to the GGSN used by
25  the GPRS core network. The APN sent by an MS comprises a mandatory APN
network identifier and an optional APN operator identifier. The APN subscribed
in the HLR comprises only the APN network identifier. The APN network
identifier determines the IP network that the user wishes to connect to. The
APN operator identifier defines the core network of the operator providing the
30 access. In current systems the SGSN has one local APN operator identifier for
the local (i.e. visited) network. When the SGSN searches the local network for
a GGSN, it adds the APN operator identifier in question to the APN network
identifier sent by the MS or configured in the HLR. If the use of the local
network is not allowed, or if no suitable local access is found, the SGSN
35 searches the home network by adding the APN operator identifier of the home



25 the GPRS core network. The APN sent by an MS conprises a nmandatory APN
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operator providing the 30 access. In current systens the SGSN has one | ocal
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SGSN searches the local network for a GGESN, it adds the APN operat or
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identifier are configured in said list, the SGSN1 adds the corresponding local
20 APN operator identifier to the APN network identifier. Next, a DNS query is
carried out. The GPRS system employs a Domain Name Server (DNS) when a
connection is to be set up to find out a GGSN address in the SGSN. The DNS
returns the GGSN address of a GGSN located within a network belonging to
the operator defined by the APN operator identifier. If said local APN operator
25  identifier corresponds to the home operator of the MS, the mobile station MS is
connected to the GGSN of its own operator, which is the GGSN1 in step 2-3,
provided that the home network of the mobile station is the PLMN1.
Correspondingly, the mobile station MS is connected to the GGSN of its own
operator in step 2-4, i.e. to the GGSN2, provided that 'the PLMN2 is the home
30 network of the mobile station.

[0028] If the MNC/MCC is not configured in said list, the mobile
station MS does not belong to a predefined partner operator (e.g. the MS is
roaming from another country), and the SGSN1 in step 2-2 either uses one
local APN operator identifier as a default value (normal procedure used today

35 as only one APNOI is defined by SGSN this one is the default) or selects a
random APN operator identifier among the codes configured in the SGSN1. In



returns the GGSN address of a GGSN | ocated within a network belonging to
the operator defined by the APN operator identifier. If said |ocal APN
oper at or &b 0B@sswé fi er corresponds to the home operator ofPCrhreo3nBoo7t he
nobile station MSis connected to the GGSN of its own operator, which is
the GGSNL in step 2-3, provided that the home network of the nobile
station is the PLMNL. Correspondingly, the nobile station M5 is connected
to the GGSN of its own operator in stepg2-4, i.e. to the GGSN2, provided
that'the PLM\2 is the home 30 network of the nobile station. [0028] If the
MNC/ MCC i s thigtfirspiifidanalpctase tai disitedt GAIN, theniG@SNY ds i eaieaigd daedhaot

bel t def | ; ik ' i
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random APN oper at or er anong the codes configured in the SGSNI. In
WO 03/ 085898baradmetM®sk00007 8 this first (normal) case the visited GGSN,
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MRt v i by e
oper at or 2,mPYe%thosﬁnlo}-th%e%g'ﬂﬁc%ne%h’flsoee aﬂ%ﬁ@ﬁ%ﬁ%&fﬁnégpﬁﬂd&oﬁf but
| ocat ed i nsprawriad) innuhetil bewanngctadtoaHeEShbinrnagasebk RerdREMaPdr can
be under st ,god aS,5a% 26y GREMer dOuRBDYIrcamaE Wards, thei Fori@bpeeatds Basbed wi th
understood as having GGSNs in many countries. This can be achieved with
20 the present invention by having in the preconfigured list many MNC/MCC
codes (all belonging to one global operator) mapped to the same local APN
operator identifier corresponding to the local network of this global operator.
[0030] Figure 3 shows signalling according to a second preferred
embodiment of the invention. According to the embodiment, SGSN addresses
25  belonging to a mobile network PLMN2 that is a predefined partner network to
the mobile network PLMN1 are configured in advance and information about
them is maintained in the home location register HLR1. This embodiment
therefore requires changes only to the HLR.
[0031] With reference to Figure 3, the mobile station MS sends in
30 step 3-1 an Attach Request or Routing Area Update Request to the SGSN 1,
and the SGSN1 sends an Update Location Request to the HLR in step 3-2.
Upon reception of the Update Location Request at the HLR, the routine checks
in step 3-3 whether the SGSN1 belongs to a preconfigured list comprising
SGSN addresses (or only address prefixes) of predefined partner operators. If
35 it belongs to said list, the HLR sets a “VPLMN address allowed"-flag to a value
indicating ‘No’, and if it does not, the value of the flag indicates 'Yes'. This



20 the present invention by having in the preconfigured Iist many MNC/ MCC
codes (all belonging to one global operator) mapped to the same |ocal APN
oper at or woanwsgoper corresponding to the local network of pChiF0goabial
operator. [0030] Figure 3 shows signalling according to a second preferred
enbodi ment of the invention. According to the enbodi ment, SGSN addresses

25 belonging to a nobile network PLM\N2 that is a predefined partner network
to the nmobile network PLMNL are configured in advance and information about
themis maintained in the hone |ocation register HLRL. Thi s enbodi nent
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the HLR, the routine checks in step 3-3 whether the SGSN1 belongs to a

20 preconfigured list containing SGSN addresses (or only address prefixes) of
predefined partner operators. If it belongs to said list, the HLR sets a “VPLMN
address allowed’-flag to a value indicating ‘Yes’, and if it does not, the value of
the flag indicates 'No'. When the “VPLMN address allowed™-flag has the value
‘Yes', the GGSN selected at the SGSN1 is the GGSN1 of the current network,

25  even if the mobile station were always to be connected to the home GGSN
according to the default setting. This is typically suited for a case in which the
same PLMN IP services can be accessed from the GGSN1 as from the home
GGSN, as both belong to the same global operator.

[0033] According to a fourth preferred embodiment of the invention,

30 an operator may configure the HLR to maintain information about the SGSN
addresses and the APN operator identifier to be used by the MS when
accessing the network from the SGSN in question.

[0034] With reference to Figure 4, upon reception of the Update
Location Request at the HLR, the routine checks in step 4-3 whether the
35 SGSN1 belongs to a preconfigured list comprising SGSN addresses (or only

address prefixes) of predefined partner operators. If it belongs to said list, the



networks, also referred to as "predefined partner networks belonging to the
home network operator”. Upon reception of the Update Location Request at
the HLR, wbe3ssewé ne checks in step 3-3 whet her the SGSN1PoglFwsgeot’o a 20
preconfigured |ist containing SGSN addresses (or only address prefixes) of
predefined partner operators. If it belongs to said list, the HLR sets a
"VPLMN address allowed"-flag to a val ue indicating 'Yes', and if it does
not, the value of the flag indicates 'Nqg. Wen the "VPLM address

al | owed” -flag has the value 'Yes', the GGSN selected at the SGSN1 is the
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a preconfi gdpeqy b §ihfficpsMPdst BesRfedad iftifig!bcateliah 88meVedunity as the
SGSN. However, the solution presented in the first embodiment can be used in
20 a variety of cases not covered by the second embodiment (e.g. the local
GGSN selected is not located in the home country of the MS).

[0037] In the third embodiment of the invention the method
according to the second embodiment is used for a different purpose. The third
embodiment can be applied in a mobile communications system individually, or

25  simultaneously with the first and/or the second embodiment.

[0038] As it can be seen, the invention relates to selecting, on the
basis of information maintained in the system, the appropriate GGSN, which
depends on the network in which the MS is located (indicated explicitly in the
second, third and fourth embodiments by the SGSN address, and implicitly in

30 the first embodiment by the SGSN to which the configuration according to the
present invention is set) and on the home-PLMN of the MS (indicated explicitly
in the first embodiment by the MNC/MCC derived from the IMSI, and implicitly
in second, third and fourth embodiments by the HLR to which the configuration
according to the present invention is set. So, the partner information preferably

35 comprises indications showing directly or indirectly the location network of the
MS and the home network of the MS.



address all owed"-flag val ues or APN operator identifiers. 15 [0036] The
first, second and fourth preferred enbodi nents represent alternative ways
of achi ewog@3bksIscane goal in a specific situation wherepCrags@sdoerT an
agreenent between the operators involved, the home GGSN of a particular M
can be selected if it is located in sane country as the SGSN. However, the
solution presented in the first enbodi nent can be used in 20 a variety of
cases not covered by the second enbodi neqpy (e.g. the local GGSN selected
is not located in the home country of the M5). [0037] In the third
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nmessages nay deviate fromthose given above. [0041] Although the invention
is presented with reference to specific enbodinents, it is also
concei vabwe osossappl y the invention in any situation invoIPCIIIy300EGESN
selection. 15 [0042] It is apparent to a person skilled in the art that as
technol ogy advances the basic idea of the invention can be inplenmented in
various ways. The invention and its enbodinents are therefore not
restricted to the above exanples, but thgy may vary within the scope of
the clains. WO 03/058996 12 PCT/ FI 03/00007 CLAIMS 1. A nethod for selecting
a gateway network node for a nobile station (M51, MS2) served by a serving
net wor k nodRLAIBGSN1) , in a system where at |east two network operators nay

share a radi o netwgrk
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partner information comprises direct or indirect indications of

15 the network in which the mobile station is located (MS1, MS2); and

of

the home network of the mobile station (MS1, MS2).

3. A method according to claim 1 or2,characterized inthat
the selection step of the method comprises the steps of

20 checking on the basis of the partner information whether a mobile
station (MS) is in the home network, in a predefined partner network of the
home network, or in a network outside them; and

selecting the gateway network node (GGSN1) of the home network
if the mobile station (MS) is in its home network;

25 selecting the gateway network node (GGSN2) of the home network
if the mobile station (MS) is in a predefined partner network of the home
network; or

selecting the gateway network node (GGSN1) of a visited network if
the mobile station (MS) is outside its home network or predefined partner

30 mobile networks of its home network.

4. A method according to claim 1 or2,characterized in that
the selection step of the method comprises the steps of

checking on the basis of the partner information whether the mobile
station is in a network that is a predefined partner network of the one belonging

35 to its home network operator; and



if the nobile station (MS) is in a predefined partner network of the home
network; or selecting the gateway network node (GGSNI) of a visited network
if the robioBessvati on (MS) is outside its home network orCprrasabieted
partner 30 nobile networks of its honme network. 4. A nethod according to
claimlor 2, char acteri zedinthat the selection step of the
met hod conprises the steps of checking on the basis of the partner
information whether the nobile station i1 in a network that is a
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and to sel egétwohigs; @gdideway network node (GGSN1, GGSN2) by utilizing the
partner information, at least one serving network node (SGSN1) for serving the mobile
15 station (MS1, MS2) while the mobile station is in the area of the serving
network node,

characterized inthatthe system is configured to

maintain partner information about networks that are predefined
partner networks of the home network, the home network sharing at least one

20 serving gateway node (SGSN1) with each of the predefined partner networks;
and to

select the gateway network node (GGSN1, GGSN2) by utilizing the
partner information.

6. A system according to claim 5, character ized in that the

25  partner information is maintained in the serving network node (SGSN1) to
indicate the networks sharing the serving network node (SGSN1).

7. A system according to claim 6, characterized in that the
serving network node (SGSN1) is configured to compare the MNC/MCC code
of the mobile station (MS), in connection with the context activation of the

30 mobile station, with APN operator identifiers stored for each network operator
sharing the SGSN1, said MNC/MCC code indicating explicitly the home
network of the mobile station and said APN operator identifier indicating
implicitly the partner information.

8. A system according to any one of claims 5, 6 or 7,

35 characterized in that the serving network node (SGSN1) is also
configured to connect a mobile station (MS) located in a mobile network that is



6. A systemaccording to claim5, char acteri zedinthat the 25
partner information is maintained in the serving network node (SGSNI) to

i ndi cat e wbhasnstowor ks sharing the serving network node (SEBBNFEN03/00007A system
according toclaim6, char acteri zedinthat the serving
network node (SGSNI) is configured to conpare the MNCI MCC code of the
nobil e station (MS), in connection with the context activation of the 30
nobil e station, with APN operator identifigers stored for each network
operator = sharing the SGSN1, said MNC/ MCC code indjcating explicitly the
home net war presiefinkd pavtpier setverkiafitsdine aeivaukNo dpe gatevay ng{qr ir@?ée
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i nf or nefts onconfiguoedd éo tdoaneud the mobile stationoMapireated in a predefined partner
network of its home network to the gateway network node (GGSN2) of the
home network.

12. A system according to claim 5or9, characterized inthat
the subscriber register (HLR) is configured to

20 check the partner information in connection with the location update
of the mobile station (MS), the partner information comprising at least one
network belonging to the home network operator;

set value of the “Visitor-PLMN address allowed’-flag to ‘Yes’ if the
mobile station (MS) is located in a network that is a predefined partner network

25  of the one belonging to its home network operator; and
| indicate the value of the flag to the serving network node (SGSN1).

13. A system according to any one of claims 5, 9 or 12,
characterized in that the serving network node (SGSN1) is also
configured to connect the mobile station (MS) located in a predefined partner

30 network of the one belonging to its home network operator to the gateway
network node (GGSN1) of the visited network on the basis of the pariner
information, the partner information comprising at least one network belonging
to the home network operator.

14. A system according to claim 9, characterized in that the

35  subscriber register (HLR1, HLR2) is configured to



of the nobile station (M5), the partner information conprising at |east one
networ k bel onging to the hone network operator; set value of the

"Vi si t or -WDMBloss%g6¢ ess al | owed"-flag to "Yes' if the nobilpeTgu@tgoery (MS) is
|l ocated in a network that is a predefined partner network 25 of the one
bel onging to its home network operator; and indicate the value of the flag
to the serving network node (SGSNI). 13. A system according to any one of
claims 5, 9 or 12, characterized in thaysthe serving network node (SGSN1)
is al so conflgured to connect the nobile station (I\/SR | ocated .jn
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update of t

esta d indicate the result of the
conpari son fehfgf'{‘ﬁﬁ%éﬂelsk( P&@"SH@S 5 (SGSNI). 15. A subscri ber
regi ster (HLRI, HLIaZ)ea‘srbronEHnobda& sliatignsubscriber information in a system
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par t ner{5netwihitekth@nmiobile station is in the area of the serving network node,
characterized inthatit comprises
a first routine for maintaining partner information about networks
that are predefined partner networks of the network, the partner network and
the home network sharing at least one serving gateway node;
20 a second routine for checking the partner information of the mobile
station; and
a third routine for indicating, on the basis of the partner information,
the gateway network node, to which the mobile station is to be connected, to
the serving network node serving the mobile station.
25 16. A serving network node (SGSN1) for relaying packet switched
data in a system comprising
at least one mobile station;
a subscriber register for maintaining subscriber information of the
mobile station; and
30 at least two networks to which the mobile station may connect when
it is within the area of the network, one of the networks being the home
network of the mobile station, the networks comprising at least one gateway
network node for interaction between packet switched mobile networks and
external data networks,
35 characterized inthatit comprises



the hone network sharing at | east one serving gateway node; 20 a second
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third rouwDme/088996 i ndi cati ng, on the basis of the partner PCafra3maoizon, the
gateway network node, to which the nobile station is to be connected, to
the serving network node serving the nobile station. 25 16. A serving
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