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METHOD AND APPARATUS FOR RESOLVING AN ENTITY IDENTIFIER
INTO AN INTERNET ADDRESS USING A DOMAIN NAME SYSTEM (DNS)
SERVER AND AN ENTITY IDENTIFIER PORTABILITY DATABASE

FIELD OF THE INVENTION

The present invention relates to providing Internet-based, conversational
types of applications, e.g., a voice-over-IP application, and multimedia types of
applications, e.g., streaming and multimedia message services, without the user having to
know specific Internet addresses of remote devices or other entities with which a user may

want to communicate using these types of applications.

BACKGROUND AND SUMMARY OF THE INVENTION

The present invention draws upon two different areas of communication:
data packet-based communication employing Internet addresses and circuit-based
communication where telephone (or other identifier) number portability has evolved to
enable a subscriber to “port” a subscriber telephone number or other communication
identifier geographically and/or between service providers. Packet-based communications

are addressed first.

When computers attached to a network communicate, Internet protocol (IP)

- addresses are used to identify those computers and typically correspond to 32 bit integers

for IP version 4 or 128 bit integers IP version 6. Although such IP addresses provide a
convenient, compact representation for specifying the source and destination for packets
sent across an Internet, human users prefer to assign computers pronounceable, easily
remembered names. As a result, the domain naming system (DNS) was developed to
provide a scheme for assigning meaningful, high level names to a large set of computers,

and to provide a mechanism that maps between high level computer names and IP

addresses.

In general, the domain naming system can be viewed as a distributed, shared

database of domain names and corresponding IP addresses. Domain servers, more
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commonly called DNS servers, maintain these databases. An example of a common DNS
server is a UNIX-type machine running a version of Berkeley Internet Néming Software
(BIND). A domain name may consist of a sequence of subnames separated by a delimiter
character -- the period. Individual sections of the name might represent sites or groups,
but the domain naming system simply refers to each section of a name as a label. An
example of such a domain name is an Internet address such as hitp://wwwericsson.se or an
e-mail address such as #ame@ericsson.com. ‘The label after the period is the site name

authorized by a central authority. The label(s) before the period is(are) the part of the

name controlled by the specific site. Here, the top level Internet domain corresponding to

the site is the country code “s¢” for Sweden, and for the e-mail address, it is the top level

domain “cor”.

Domain servers are conceptually arranged in a tree structure that
corresponds to a naming hierarchy. The root of the tree is a server that recognizes the top
level domains (or tiers) and knows which server resolves each domain.” Given a name to
resolve, the root can choose the correct server for that name. At the next level or tier, a
set of name servers each provide resolution answers for one top level domain, e.g., se. A
server at this domain knows which servers can resolve each of the subdomains under its
domain. At the third level of the tree, name servers provide answers for subdomains, e.g.,
ericsson under se. The conceptual tree continues with one server at each level for which a

subdomain has been defined.

Links in the conceptual tree, however, do not indicate physical network
connections. Instead, they point to other name servers. Conceptually, domain name
resolution proceeds top down, starting with the “root” name server and proceeding to
servers located at the branches or leaves of the tree. There are two ways to use the domain
naming system: (1) by contacting name servers one at a time, or (2) asking a name server
system to perform the complete translation. In either case, client software forms a domain
name query that contains the name to be resolved, a declaration of the class of the name,
the type of answer desired, and a code that specifies whether the name server should

translate the name completely. It sends the queryto a DNS server for resolution.
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When a DINS server receives a query, it checks to see if the name lies in the
subdomain for which it is an authority. If so, it translates the name to an address
according to its database and appends an answer to the query before sending it back to the
client. If the DNS server cannot resolve the name completely, it checks to see what type
of interaction the client specified. If the client requested complete translation, (ie.,
recurstve resolution), the server contacts a DNS server that can resolve the name and
returns the answer to the client. If the client requested non-recursive resolution, (i.e.,
iterative resolution), the name server cannot supply an answer. [nstead, it generates a reply

that specifies the name server the client should contact next to resolve the name.

The dynamic host configuration protocol (DHCP) provides automated
procedures by which a master node can assign an IP address to a server in the Internet,
e.g., a DNS server. In general, IP addresses can be allocated to an entity either statically,
Le., a fixed IP address, or dynamically, i.e., only for as long as the entity is actively
connected to the Internet. User devices, like a computer entity or a mobile device in a
packet radio system (e.g., GPRS) system, are normally assigned temporary Internet
addresses. Although conceptually fairly simple, in practice, the resolution of IP addresses

!
i
4
{

using DNS can be complex and time consuming.

The Internet and the domain naming system are designed to carry packet
trattic for enabling computers to communicate. Other types of networks are designed to
carry circuit-switched traffic. An example of a circuit-switched network is a legacy
network, which employs control signaling using the well-established Signaling System
No. 7 (S5-7) as defined by various standards bodies. The routing of a telephone call
through a legacy network employs a structured telephone numbering plan. Such
structured rules are defined by the International Telecommunication Union (ITU) in the
E-series Recommendation E.164. E.164 numbering is applicable in all domains of
telecommunications systems including wireline and wireless systems. Each physical node,
referred to as a local exchange, is allocated one or more unique exchange number groups.

The telephone number of a subscriber typically includes both an exchange number group
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(typically allocated in ten thousand number blocks) for the exchange to which a subscriber

is connected, and a number in that group which is specific to the subscriber.

For example, a subscriber having a telephone number 881-1657 is connected
to a local exchange having an exchange number group 881, within that group, the
subscriber has a subscriber number of 1657. Thus, the telephone number is geographical
in the sense that there is a defined relationship between the telephone number and a
geographical area served by the exchange to which the subscriber is connected. There are
also non-geographical telephone numbers where no geographical relationship exists. For
example, toll free numbers, virtual private network numbers, and universal access numbers
are typically serviced by intelligent networks (IN). IN services are controlled and executed

by a service control point (SCP) using data stored in a service data function (SDF).

When a subscriber physically re-locates or changes service providers, it is
desirable for the subscriber not to have to change his telephone number. Accordingly,
number portability services permit a subscriber to “port” or transfer his telephone number
to wherever the subscriber physically relocates or to a different service provider. Similarly,
a mobile subscriber E.164 identification number, such as the mobile subscriber integrated
services digital network number (MSISDN), is used to identify the mobile subscriber, the
subscriber’s subscription, and the subscriber’s current location. When a mobile subscriber
changes service providers, a mobile subscriber number portability database is updated to
reflect the change. Commonly-assigned U.S. Patent No. 6,064,887 describes an example
of mobile subscriber number portability in a telecommunications network that permits a

mobile subscriber to retain its same MSISDN when changing service providers.

Recently, there have been discussions in the Internet Engineering Task
Force (IETF) and other forums of the possibility of permitting a user to enter a telephony
numbef, hereafter often referred to as an “E.164 number,” into a computing device with
the goal of treating that E.164 number as a DNS query for which a corresponding Internet
address is supplied by the DNS. This particular type of DNS query is referred to as an
ENUM query. A recent IETF request for comments (RFC) 2916 entitled, “E.164 Number

and DNS,” outlines the possible use of the domain naming system for the storage of E.164
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telephony numbers. The DNS could then be used to identify available services connected

to an E.164 number.

A problem with using the domain naming system to resolve E.164 telephone
numbers into other corresponding addresses such as Internet addresses is that a routing
node, such as a gateway MSC, who receives a call including a called party does not know
whether the called party’s E.164 telephone number is a ported number. If the E.164

number has been transferred to another network operator, the routmng node does not have

enough information to properly route the call. Another limitation is that an MSC (or

GMSC) does not “speak the same language” as the DNS system.

The present invention overcomes these problems by providing an efficient
interface and service exchange between a circuit-switched communications network and a
domain naming system in a packet-switched communications network. A node in the
circutt-switched communications network receives from a first entity a request for a first
service involving a second entity associated with a second entity identifier. A message is
sent from the circuit-switched network node to a DNS server in the packet-switched
network requesting a second service related to the second entity identifier. The result of
the second service from the DNS server is used in providing the first service. For
example, the first service may be an electronic communication between the first and

second entities, and the second service may be resolution of the second entity identifter.

Such resolution may include resolution of a number, name, or address associated with the

Alternatively, the DNS server may be used to access other types of servers (such as a

weather service server or a news server) associated with a particular entity identifier.

A preferred, non-limiting, example embodiment of the invention takes into
account number portability. A circuit-switched routing node in the circuit-switched
network sends a routing request message with the second entity identifier to a number

portability database (NPDB) node. The message includes an indication that DNS

resolution is needed for the second entity identifier. The NPDB node: requests resolution
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of the second entity identifier from a DNS server, which returns a resolution result that
indicates whether the second entity identifier has been transferred (“ported”) between
network operators. If there has been no transfer, i.e., no number porting, the electronic
communication s routed in a fashion that does not take into account number portability.
On the other hand, if the second entity identifier has been ported, the DNS server
provides the routing node in the circuit-switched communications network with a
resolution result that identifies the home network of the second entit)}. The resolution

provided by the DNS service may include resolution of a number, name, or address

associated with the second entity.

In an example application where the circuit-switched network is a mobile
network, and the packet-switched network is the Internet, a Gateway Mobile Switching
Center (GMSC) in the mobile network receives a call setup message intended for a called
entity that includes a called entity telephone number. ‘The GMSC queries a number
portability database (NPDB) node in the circuit-switched network using the called entity
telephone number indicating that DNS resolution is needed. The number portability
database node generates an ENUM query to the DNS server using the called entity
telephone number. The DNS server performs DNS resolution and returns an NAPTR
record with 2 Universal Resource Locator (URL) corresponding to the called entity

telephone number.

The contents of the NAPTR record vary depending on whether the called
entity telephone number has been ported between network operators. If the number is
ported, the DNS resolution provides a prefix for the called entity telephone number.
Accordingly, a call setup message is sent to a Home Location Register (HLR) database
located in the called entity’s home network. The HLR requests a routing number from a
Visiting Location Register (VLR) database currently serving the called party. Once that
routing number is obtained, it is provided to the GMSC. The GMSC then has sufficient
information to route the call to the called entity. Example signaling implementations are

described in more detail below using SS7 signaling protocols to different types of existing

number portability databases.
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Another aspect of the present invention addresses a problem that is
particular to mobile communications networks. In mobile communications networks,
subscriber services and other information pertaining to a subscriber subscription are stored
in the home operator network database, 1.e., home location register (HLR), based on
subscriber International Mobile Subscriber Identity (IMSI) numbers. On the other hand,

routing information employed in call setup procedures employ Mobile Subscriber

Integrated Services Digital Network (MSISDIN) numbers. Thus, there 1s a mobile
identifier incompatibility when a node like the GMSC must route a call based upon the
called entity’s MSISDN but needs certain information regarding that called entlty stored in

the HLR database based on the called entity’s IMSI.

The present invention solves this problem by using the Domain Naming
System (DNS) to administer a relationship between a mobile subscriber’s MSISDN and

IMSI. Thus, when a call setup message is received with the called entity’s MSISDN, an

ENUM message 1s sent to a DNS server requesting resolution of the called entity’s
MSISDN. The DNS server uses the MSISDN in the ENUM query to obtain a

corresponding NAPTR record that includes the called entity’s IMSL. ‘The returned IMSI is
used to route the call. A similar relationship can be administered in the DNS between the

called entity’s MSISDN (or any other identifier) and a Mobile Global Title (MGT) (or any

other identifier) associated with the called entity.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention
will be apparent from the following description of preferred, non-limiting example
embodiments, as well as illustrated in the accompanying drawings. The drawings are not

to scale, emphasis instead being placed upon illustrating the principles of the invention.

Fig. 1 llustrates a communications system in which the present invention is

employed;
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Fig. 2 1s a flowchart diagram illustrating one set of example procedures for

implementing the present invention in the context of the communications system of Fig. 1

Fig. 3 1s a simplified function block diagram of the circuit-switched network

node shown in Fig. 1;

Fig. 4 1s a flowchart diagram illustrating one set of procedures for an
example application of the present invention to a mobile communications context where a

number portability database node is used to coordinate DNS resolutio.n;

Fig. 5 1s a diagram illustrating a mobile network and the Internet in which
two examples are shown where the present invention may be unplemented in a number

portability context;

Fig. 6 1s a signaling diagram relating to the present invention illustrating

example signals using one circuit-switched network signaling protocol;

Fig. 7 1s a signaling diagram illustrating the present invention using another

signaling protocol; and

Fig. 8 illustrates another communications network in which the present

invention may be implemented in a number portability database node and in other nodes

for other networks.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular embodiments, procedures, techniques, etc.,
in order to provide a thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the present invention may be practiced in other
embodiments that depart from these specific details. In some instances, detailed
descriptions of well-known methods, protocols, software and hardware platforms,

interfaces, devices, and signaling techniques are omitted so as not to obscure the
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description of the present invention with unnecessary detail. Moreover, individual
tunction blocks are shown in some of the figures. Those skilled in the art will appreciate
that the functions may be implemented using individual hardware circuitry, using software
functioning in conjunction with a suitably programmed digital micropfocessor or general
purpose computer, using an Application Specific Intégrated Circuit (ASIC), and/or using
one or more Digital Signal Processors (DSPs).

Fig. 1 illustrates a general communications system 10 illustrating an example

application of the invention. A first entity 12 sends a request for communication with a
called entity to a circuit-switched (CS) network 14 which is provided to a circuit-switched
network node 16 that provides routing services. Included in that request is an identifier
that is associated with the called entity. The term “entity” is used in a most general sense
and includes (but is not limited to) any user device, any service application, or any
processing unit whether user-specific, network-specific, or both. The called entity
identifier includes any type of identifier. In some situations, the called;entity identifier
should be resolved in order to permit communication between the first entity 12 and the

called entity.

To tacilitate this resolution process, the circuit-switched network node 16
requests a resolution service from a domain naming system (DNS) server 20 which is
coupled to a packet data network 18. As described above, the domain naming system is
part of the packet data network 18, e.g., the Internet. 'The DNS server initiates the
resolution service using the DNS using the called identifier and provides the resolution
result to the circuit-switched network node 16 for further processing of the first entity’s
request. The circuit-switched core network node 16 may perform some service itselt based
on the resolution result or it may provide the resolution result to another node in the

circuit-switched network 14 for further processing of the first entity’s request.

The flowchart in Fig. 2 illustrates example procedures associated with one

example implementation of the present invention in the communications system 10 shown
in Fig. 1. A request is received over the circuit-switched network 14 for a first service, e.g.,

a call from a first entity 12 to a second called entity (not shown), which has an associated
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second entity identifier (block 30). A message is sent to a DNS server 20 in a packet-
switched data network 18 requesting a DNS service relating to the second entity identifier
(block 32). A result is received from the DINS server 20 by the circuit-switched network

(block 34). The circuit-switched network provides the first service using the DNS result
(block 36).

Fig. 3 illustrates in a simplified function block format the circuit-switched
network node 16 shown in Fig. 1. The circuit-switched network node. 16 includes a circuit-
switched service interface 42 coupled to a service controller 34, which in turn, 1s coupled
to a DN service interface 46, and perhaps, to other resources such as a database 46. The
tunctions of the blocks 42, 44, and 46 may preferably be performed using software code

executed on a suitable microprocessor or other computing circuitry.

The circuit-switched service interface 42 receives requests for DINS
resolution from one or more circuit-switched nodes, e.g., a circuit-switched routing node.
This interface 42 employs standard control signaling protocols used in the circuit-switched
network, e.g., Signaling System 7 (SS7) signaling. The service controller 44 analyzes the
signaling messages, and detects the called entity identifier and any indication of whether
DNS resolution 1s required for this called entity identifier. If so, the service controller 44
coordinates with the DNS service interface 46 so that the DNS service interface 46
generates an appropriate query using a packet-switched network signaling protocol
recognized and used by the domain naming system. The DNS service interface 46 receives
the DNS resolution result in PS network control signaling format and returns it to the
service controller 44, which in turn, provides it to the CS service interface 44. The CS
service intertace 44 formats the resolution result into a circuit-switched network signaling

protocol message, e.g., a CS routing message.

These functions of the circuit-switched network node 16 may be
implemented in any one of a variety of nodes that exist in the circuit-switched network or
in 2 new node may be added to the circuit-switched network. Of course, it is likely

preferable in existing networks to simply add software code which implements these
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functions to an existing node to minimize expense and other disadvantages that might be

associated with reconfiguring or adding nodes in or to a network.

The present invention provides a number of advantages. First, 1t permits
circuit-switched network entities to obtain access and receive services provided by a
packet-based network, in this case, DINS services. Packet-based services offer tlexibilities
and options which might not be offered or otherwise practical in the circuit-switched
network. Second, this access to IP network services can be achieved without major
configuration or expense simply by implementing the present invention using software
code in an existing node in the circuit-switched network. Third, telecom carriers may take
advantage of the DNS IP infrastructure to enhance number portability resolution as well as
other services that employ number handling in circuit-switched domains. For example,
existing circuit-switched domain numbering services, like a pre-paid resolution based on a
called E.164 number service and a local numbering plan translation mto a specific circuit-
switched service, (e.g., connection to emergency center, connection to information centers,

etc.), may also benefit from number resolution being provided through the DNS.

A more detailed example implementing the present invention in a non-
limiting way is now described below in the context where the circuit-switched network is a
mobile/cellular network and the packet-switched network is the Internet. Reference is

made to the flowchart diagram illustrating example procedures in Fig. 4. A circuit-

switched routing node in a cellular network receives from a mobile subscriber a call setup
message to a called entity including a telephone number associated with the called entity
(block 50). The circuit-switched routing node sends a routing request message to an
existing number portability (NPDB) node in the circuit-switched network which includes
the called entity telephone number and a request for DINS resolution (block 51). Thus, in
this example, the number portability database in the circuit-switched network includes
software-based functionality that provides access to the DNS resolution services offered
by the Internet. Of course, other nodes in the mobile network could perform these

functions as well.
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The number portability database, as explained above, interprets circuit-
switched signaling protocol messages, such as SS7 messages, used in the cellular network
and extracts from them information such as the called entity telephone number and an
dication of a request for DNS resolution. This information is used to format a query to
a DNS server requesting DINS resolution of the telephone number. In particular, in this
example, the number portability database node sends an ENUM query to a DNS server
(block 53). In this non-limiting example, traditional mobile and fixed telephone numbers
referred to as E.164 numbers are sent in the ENUM quety. However, other identifier
schemes may be used to identify a user subscription location, a user’s equipment, and a
user’s service application in both public and private environments. In other words, the

present invention is not limited to a particular identifier or naming scheme.

ENUM queries are explained 1n the Internet Engineering Task Force (IETF)
Request for Comments (RFC) 2916 which describes the ENUM procedures for sending
E.164 numbers in the DINS infrastructure. ENUM can be viewed as a format for a DNS
query carrymng identifier information, like E.164 numbers. A specific example of how an
original E.164 telephone number is converted into an ENUM message format is provided
i commonly-assigned, copending application Serial No. 09/899,551, entitled “Method
and Apparatus for Resolving an Entity Identifier into an Internet Address Using a Domain

Name System (DINS) Server and an Entity Identifier Portability Datab ése,” filed on July 6,

2001, the disclosure of which is incorporated herein by reference.

According to RFC 2916, the domain naming system uses ENUM query to
retrieve 2 Naming Authority PoinTeR (NAPTR) record associated with the E.164 number
of the called entity. The DNS response to the ENUM query contains one or more
NAPTR records corresponding to the E.164 number, and each NAPTR record contains
one or more Uniform Resource Identifiers (URIs) corresponding to the entity. From a
URI, a service and/or an address corresponding to the called entity identifier may be

dertved. Reference is again made to the above-identified application for specific examples.

Accordingly, the DNS server returns a NAPTR record for the called entity
telephone number (block 54), and the number portability database node sends the
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resolution result to the circuit-switched routing node (block 55). The circuit-switched

routing node routes the mobile subscriber call using the DNS resolution result (block 56).

Reference is made to Fig. 5 which shows a communications system in which
the procedures outlined in Fig. 4 may be applied. A circuit-switched mobile network 60 1s
shown including two mobile switching centers (MSCs) 62 and 63, one of which is coupled
to a gateway MSC (GMSC) 64. The circuit-switched mobile network 60 also includes two
number portability databases, indicated generally at 65 and 66. The Intelligent Network
(IN) type of NPDB 65 at the top of the figure employs an Intelligent Network Application
Part (INAP) protocol, and the Signaling Relay Function (SRF) type of NPDB 66 at the
bottom of the figure uses a Mobile Application Part (MAP) protocol. ‘Both of these
protocols employ SS7 signaling. The packet-switched network 61 includes, among other
things, a DNS server 75 coupled to a DNS shown symbolically at 76.

A call to a called entity initiated by a mobile phone in the mobile network 60
is forwarded to MSC 63 which forwards the call in an SS7 Initial Address Message (IAM)
that includes the called entity’s MSISDN to the gateway MSC 64. Depending on which
type of number portability database may be in the mobile network 61, the gateway MSC 64
routing node formulates an SS7 Send Routing Information (SRI) request message that
provides the called entity’s MSISDN as well as indication that DNS resolution is required.
If the number portability database is Intelligent Network (IN)-based, then an Initial
Detection Point (IDP) message including the MSISDN number 1s forwarded to the IN-
number portability database 67 along with a service key with a “DINS resolution required

indication.” The IN-NPDB 67 communicates with the GMSC using signaling information
based on the INAP protocol.

The software entity in the NPDB 65 referred to as #7DR (SS7 Domain
name Resolver) 69 analyzes the IDP message and detects the MSISDN and the fact that a
DNS resolution is required via the service key. The #7DR 69 provides the MSISDN to a
Domain Name (DN) resolver 70 which formulates an ENUM query using the MSISDIN

number and sends it to the domain naming system 75. E.164 resolution is performed in

the DNS 76, and the resolution result is returned to the DN resolver 70. The DN
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resolver 70 forwards the resolution result to the SCP 67 via the #7DR 69, which sends an
557 CONNECT message back to the GMSC 64. The CONNECT message includes the
MSISDN number and a cotresponding prefix if the MSISDN number has been ported.

The prefix indicates the location of the called telephone number’s current home operator
network. The gateway MSC 64 now has sufficient information to route the call because

the prefix provides routing information for the home network of the called entity.
Accordingly, the gateway MSC 64 sends an SS7 Initial Address Message (IAM) that
includes both the prefix and the MSISDN number for the called entity.

Alternatively, the gateway MSC 64 may communicate with a Signaling Relay
Function (SRF) type of number portability database node 71 that can relay or answer back
an incoming SS7 Send Routing Information (SRI) MAP message. The SRF number
portability database node 71 communicates with the GMSC 64 using SS7 signaling. The
GMSC 64 sends a Send Routing Information (SRI) message that includes (1) the called
entity MSISDN number and (2) a Translation-T'ype (T T) field that indicates a DNS
resolution is required. The SS7 protocol conforms with the mobile application part
(MAP)/Signaling Connection Control Part (SCCP) 72. The SRF-NPDB 71 may relay at
the SCCP level the incoming SR message to a home location register (HLR) type of
database (as is described in more detail below) or to answer the GMSC with an SRI |

Acknowledgement.

The #7DR entity 73 analyzes the SRI message and detects the DNS
resolution required in the TT field. Accordingly, it forwards the MSISDN number to the
DN resolver 74 which generates an ENUM querywith the MSISDN and forwards it to the
DNS server 75 as described above. The DNS resolution result, 1.e., a NAPTR record, is
provided in an SRI acknowledgment message that includes both the called entity
identifier’s home network prefix (assuming the number is ported) and the MSISDN
number to the GMSC 64 for routing.

Fig. 6 illustrates a signaling diagram for the signaling scenario where the
number portability database a Signaling Relay Function (SRF) type of NPBD. Signal (1) is
an Inittal Address Message (IAM) that includes the called entity MSISDN. 'The IAM is
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routed to the gateway MSC of the number range in the home network for the calling
entity. When the GMSC receives the IAM message (2), 1t sends an SRI message to the

number (4). In response to the ENUM query, the DNS server ultimately provides an

assoctated NAPTR record tied to this number which contains etther a URL with IMSI

information (5.1) or a URL with a prefix plus MSISDN information for the called entity
(5.2). The NAPTR record content is analyzed by the #7DR entity to determine whether
the called entity’s number is ported (6). As described above, “p orting”‘ describes the
transfer of a number between network operators. Number portability permits a mobile

subscriber to change his subscription network while retaining the original MSISDN.

In the message 5.1, the NAPTR record includes a telephone URL that does
not include a prefix for the MSISDN, indicating that the called entity identifier telephone
number 1s not ported. However, in another advantageous aspect of the present invention,
the NAPTR record telephone URL provides the IMSI for the called entity which can be
used to service the call. Namely, HLR-type databases in mobile radio networks
traditionally store subscriber information under the subscriber’s IMSI. On the other hand,
routing 1s performed based on the mobile subscriber’s MSISDN number. This aspect of
the present invention permits the DNS to administer the relationship between a
subscriber’s IMSI and MSISDN to facilitate routing of non-ported numbers. In other
words, the NAPTR record provides the SRF-number portability database 71 the called
party’s IMSI so that the SS7 Send Routing Information message can be rerouted, or
“relayed” by the SRF-NPDB 71 to the called party’s HLR database with the subscriber’s
IMSL.

With that IMSI, the HLR is able to look up appropriate information and
then request a routing number for the called entity from the MSC/Visited Location
Register (VLR) where the called subscriber is currently registered. The MSC/VLR reurns
the Mobile Station Routing Number (MSRN) back to the HLR. The HLR sends a Send
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Routing Information (SRI) ACKnowledgment message with the mobile subscriber routing
number (MSRN) to the GMSC. This permits the GMSC to generate an initial address

message using the MSRIN to properly route the call to the visited network.

Alternatively, if the NAPTR record returns a telephone URL with a home

network prefix plus the MSISDN (5.2), the NAPTR record analysis by the #7DR detects
that the MSISDN is ported. The SRF-NPDB sends an SRI ACKnowledgment message to

the GMSC reporting the prefix which corresponds to a routing number of the called
subscriber’s home or subscription network along with the MSISDN. As a result, the
gateway MSC then formulates the Initial Address Message using the home/subscription

network prefix and the MSISDN for routing to the home/subscription network.

A similar type signaling diagram is shown for an intelligent network type
number portability database in Fig. 7. The call is routed to the gateway MSC/Switching

Service Function (SSF) of the number range in the subscription network of the calling
mobile subscriber (1). When the GMSC/SSF receives the Initial Address Message with
the called entity MSISDN, it sends an IN database query to the IN number portability
database with a special Service Key indicating that a DNS resolution is required for this
number (2). The #7DR entity at that node analyzes the service key (3) and causes the DN

resolver at that node to formulate an appropriate ENUM query to a DNS server (4). In
response to the ENUM query, one or more associated NAPTR records for this MSISDN

are returned. In (5.1), the NAPTR record contains a URL with the home/subscription

network prefix plus the MSISDN number indicating that the number has been ported.

The content of the NAPTR record is analyzed by #7DR 69 at (6), and an
Intelligent Network Application Part (INAP) protocol CONNECT message is sent to the
GMSC/SSF along with the home/subscription network prefix and the MSISDN
number (7.1). This information permits the GMSC/SSF to formulate an appropriate IAM
routing message with the prefix and the MSISDN (8.1). Alternatively, if the NAPTR
record includes only the URL for the MSISDN (5.2), the #7DR 69 determines that the
called subscriber number has not been ported (6), and sends an INAP CONTINUE
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message back to the GMSC/SSF (7.2) which formulates an IAM routing message with just
the MSISDN number (8.2).

The present invention is not limited to any of the particular implementation
details or specific applications described above. Indeed, different types of networks may
employ different types of nodes to provide access to domain naming system resolution
services. Referring to several examples shown in Fig, 8, a circuit-switched mobile
network 100 and the circuit-switched fixed network 102 may each employ a corresponding
number portability database 104 and 106, respectively, to orchestrate the ENUM query
and NAPTR record analysis. An IP Multimedia (IM) system 110 for either a fixed or
mobile network may employ a Serving-Call Service Control Function (S-CSCF) entity for
the mobile network and a Management Gateway Control Function (MGCEF) entity in the
fixed IM network to perform the ENUM quety and NAPTR record analysis.
Furthermore, a Multimedia Messaging System (MMS) network 112 may employ an

multimedia message service center (MMS-C) to perform these functions as well.

Using the present invention, number portability lookup information may be
queried under the same approach irrespective of interrogating system, and hence,
irrespective of call control technology. The administration of number portabiliy
information 1is performed using this common approach where the DNS services all
inquiring entities. The invention may be used in any E.164 numbering (or other

numbering) related procedures where an E.164 resolution process is involved.

While the present invention has been described with respect to particular
example embodiments, those skilled in the art will recognize that the present invention is
not limited to those specific embodiments described and illustrated herein. Different
formats, embodiments, adaptations besides those shown and described, as well as many
modifications, variations and equivalent arrangements may also be used to implement the
invention. For example, the DNS/ENUM process is relevant for server-to-server
communication without any on-line user. Thus, although the present invention is

described in relation to a preferred example embodiments, it is to be understood that this
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disclosure is only illustrative and exemplary of the present invention. The scope of the

invention is defined by the appended claims.
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WHAT IS CLAIMED:
1. A method for a circuit-switched communications network (14) to ptovide

communication setvices to a subsctiber, comprising receiving from a first entity (12) 2

request over the circuit-switched netwotk (14) for a first service involving a second entity

associated with a second entity identifier (30), charactetized by:

a circuit-switched routing node (16) in the circuit-switched communications
network (14) sending a touting request message to a number portability database in the

circuit-switched network with the second entity identitier;
the number portablhty database sending a message to 2 domain name system

(DNS) server (20) in a packet-switched netwotk (19) requesting a second service related to

the second entity identifier (32);

receiving a result of the second setvice from the DNS server (34); and

providing the first service using the result (30).

2. The method in claim 1, whetein the first service is an electronic

communication between fitst and second entities, and the second service is a tesolution of

the second entity identifiet.

3. The method in claim 1, wherein the routing request further indicates that

DNS resolution is needed for the second entity identifier, and wherein the DNS setver

returns a resolution result.

A4, The method in claim 3, wherein the result of the DNS resolution indicates

whether the second entity identifier has been transferred between network operatots.

5. The method in claim 4, whetein if the second entity identifier has not been

transferred between network operators, the method further comprises:

processing the electronic communication in a fashion that does not take 1nto

account number portability, and

wherein if the second entity identifier has been transferred between network

operators, the method further comprises:
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processing the electronic communication in a different fashion that takes into

account number portability.

6. The method in claim 5, wherein the different fashion processing includes
providing the routing node in the circuit-switched communications network with a routing

number that identifies 2 home network of the second entity.

7. The method in claim 1, wherein the first setvice is an electronic
communication between first and second entities, and the second service is a resolution of

a number, name, or address associated with the second entity.

8. The method in claim 1 for providing call services to a mobile subscribet,
comptising:

receiving from the mobile subsctiber at a circuit-switched node (65, 66) in a cellular
network (60) a call setup message to a called entity including a called entity telephone

numbert:

sending a message to a: domain name system (DNS) server (75) in a packet-switched
netwotk (61) requesting a resolution of the called entity telephone number;

receiving a resolution result from the DNS server (25) for the called entity
telephone number; and

routing the mobile subscriber call using the tesolution result.

9. The method in claim 8, whetein the circuit-switched node queries a number
portability database (67, 71) in the circuit-switched network (60) using the called entity
telephone number and an indication that DNS resolution is needed for the called entity

telephone numbet.

10.  The method in claim 9, wherein the number portability database (67, 71)
generates an ENUM query to the DNS setver (75) including the called entityltelephone
number, and the DNS setver (75) returns an NAPTR record including a universal resoutce

locator corresponding to the called entity telephone numbet.
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11.  The method in claim 10, wherein the NAPTR record varies depending on

whether the called entity telephone number has been transferred between network

operatofs.

12.  The method in claim 11, wherein if the called éntity telephone number has
not been transferred between network operators, the method further comprises:

processing the call setup message in a first fashion that does not take into account

number portability, and

whetein if the called entity telephone number has been transferred between

network operators, the method further comprises:

processing the call setup message in a second fashion that takes into account

number portability.

13. The method in claim 12, wherein the second fashion includes informing the

citcuit-switched node of 2 home network of the called party.

14, The method in claim 13, whetein the first fashion includes routing the call
setup message to 2 home location register (HLR) for the called entity, the HLR requests a

routing number from a visiting location register (VLR) currently serving the called party,

and provides the routing number returned by the VLR to the circuit-switched node.

15. The method in claim 8, wherein entities in the circuit-switched network

employ an SS7 signaling protocol.

16.  The method in claim 15, wherein the circuit-switched node is gateway
mobile switching center (GMSC) which queties the number portability database using a
mobile application patt (MAP) protocol and a specific translation type (TT) requesting

DNS resolution.

17. The method in claim 15, wherein the circuit-switched node is gateway
mobile switching center (GMSC) which queries the number portability database using
intelligent network application part (INAP) protocol and a specific service by requesting

DNS tesolution.
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18.  The method in claim 8, wherein the called entity has a corresponding Mobile
Subsctiber Integrated Services Digital netwotk Number (MSISDN) and an International
Mobile Subsctiber Identity (IMSI), the method furthetr comprising: |

administeting in the DNSa relationship between the mobilé subscriber’s MSISDIN

and IMSI.

19.  The method in claim 18, wherein the called entity has a cottesponding
Mobile Subsctiber Integrated Setvices Digital netwotk Number (MSISDN) and an
International Mobile Subscriber Identity IMSI), further comprising:

changing the MSISDN for the called entity to the IMSI for the called entity, and
using the called entity IMSI to route the call to the called entity.

- 20, The method in claim 1 for providing a call service whete the second entity 1s
a called entity having a corresponding Mobile Subscriber Integrated Services: Digital
network Number (MSISDN) and an Intetnational Mobile Subsctiber Identity (IMSI)
further characterized by: :
administeting in the domain naming system (DNS) a relationship between the
called entity’s MSISDN and IMSI.

21.  The method in claim 20, further comptising:
receiving a call setup message to the called entity including the called entity’s
MSISDN;
: sending a message to 2 DNS setver requesting a resolution of the called entity’s

MSISDN;
teceiving from the DNS setver the IMSI for the called entity telephone numbet;

and

routing the call using the IMSI.

22.  'The method in claim 21, further comptising:
administeting in the DNS a relationship between the called entity’s MSISDN and 2
mobile global title (MGT) associated with the called entity.
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23.  The method in claim 22, further comptising:

receiving a call setup meésage to the called entity including the called entity’s

MSISDN;

sending a message to a domain name system (DNS) setvet requesting a resolution

of the called entity MSISDN;
receiving from the DNS server the MGT for the called entity telephone numbet;

and

routing the call using the MGT.

24. A number portability node (64, 65) in a circuit-switched communications

netwotk (14) which provides a number portability service, comprising a circuit-switched
service intetface (42) for receiving a request from a first entity in the citcuit-switched

communications network (14) involving a second entity associated with a second entity

identifier, characterized by:

a controller (44) for analyzing the request and determining that the second entity

identifier should be processed in a domain name system (DNS), and

2 DNS service intetface (46) for generating and sending a message to 2 DNS setver

(20) in a packet-switched network (18) requesting DNS processing of the second entity

identifier,
wherein the controller (44) is configured to receive 2 DNS response via the DNS

service intetface (46) and provide the DNS tesponse to the first entity.

25 The node in claim 24, whetein the DNS processing includes a resolution of

the second entity identifiet.

26.  The node in claim 24, whetein the DNS response indicates whether the

second entity identifier has been transferred between network operatots.

27.  The node in claim 26, whetein if the second entity identifier has been

transferred between netwotk operators, the controller is configured to provide a routing

node in the circuit-switched communications network with a routing numbet that

identifies 2 home network of the second entity.
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78 The node in claim 24, whetein the DNS processing includes 2 resolution of

2 number, name, or address of the second entity identifier.

29. A number portability node (65, 60) 1 2 circuit-switched communications
network (14) comptising a2 numbet portability database (67, 71), characterized by:

electronic processing circuitty coupled to the number portability database (67, 71)

and configured to petform the following tasks:

receive from a circuit-switched routing node (64) a request including 2 called entity

telephone number associated with a call setup message to the called entity;
send a message to a domain name system (DINS) server (75) in a packet-switched

communications network (61) requesting a resolution of the called entity telephone

number;

ceceive a resolution result from the DNS servet (75) for the called entity telephone

number; and

provide the resolution result to the routing node (64) for use in routing the call.

30. The number portability node in claim 29, wherein the request is 2 number
portability database query indicating that DNS resolution is needed for the called entity

telephone number.

31.  The number portability node in claim 30, wherein the electronic data

ptocessing circuitry (70, 74) 1s configured to generate an ENUM quety to the DNS setver

~ including the called entity telephone number and to receive from the DNS server an

NAPTR record including a universal resoutce locator cotresponding to the called entity

telephone numbet.

32.  The numbet portability node in claim 30, whetein the contents of the
NAPTR record vaties depending on whether the called entity telephone number has been

transferred between network operatots.

33,  'The number portability node in claim 32, wherein if the called entity

telephone number has been transferted between network operators, the electronic data
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processing circuitty 1s configured to process the call setup message to take into account

number portability.

34.  'The number portability node in claim 33, whetein the electronic data

processing circuitry is configured to inform the circuit-switched node of a2 home netwotk

identifier of the called patty.

35.  The numbert portability node in claim 34, wherein if the called entity
telephone number has been transferred between netwotk operatoss, the electronic data

processing citcuitry is configured to route the call setup message to a home location

register (HLLR) for the called entity so that the HLR may obtain a routing number from 2
visiting location register (VLR) cuttently serving the called patty and provide the routing

number to the circuit-switched node.

36.  The numbert portability node in claim 29, whetein the circuit-switched node

and the number portability node employ an SS7 signaling protocol.

37.  The number portability node in claim 29, wherein the circuit-switched node
is gateway mobile switching center (GMSC) (64) which queties the number portability
database using mobile application part (MAP) protocol and a specific translation type (TT)

requesting DNS resolution.

38.  The number portability node in claim 29, wherein the circuit-switched node
is gateway mobile switching center (GMSC) (64) which queries the number portabi]itjr
database using intelligent netwotk application part (INAP) protocol and a specific service

by requesting DINS resolution.

39.  The number portability node in claim 28, whetein the called entity has a
corresponding Mobile Subsctiber Integrated Setvices Digital network Number (MSISDN)
nd an International Mobile Subsctiber Identity (IMSI), the electronic processing circuitry

being configured to administer in the DN a relationship between the mobile subscribet’s

MSISDN and IMSI.
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40. 'The number portability node in claim 39, wherein the electronic processing

circuitty is configured to change the MSISDN for the called entity to the IMSI for the

called entity using so that the IMSI may be used to route the call to the called entity.

41.  The number portability node in claim 29 including a computer usable

medium having computer readable code embodied therein including: -

code to receive an E.164 type number in a signaling system number 7 (SS7)

Message;
code to generate and send to 2 domain naming system (DNS) setver (75) a DNS

resolution request for the E.164 type numbet ; and

code to return a resolution response that provides information regarding whether

the E.164 number is a ported number.

42.  The computer-readable product accotding to claim 41, wherein the DNS
request is an ENUM query and the resolution response includes an NAPTR record

associated with the E.164 numbet.

43.  'The computer-readable product according to claim 41, whetein the

information is a prefix needed to route the E.164 number.

44.  The computer-readable product according to claim 41, whetein the 557

message is a send routing information (SRI) message which includes a DNS resolution

request in a translation type (T'T) field.

45.  The computer-readable product accotding to claim 41, wherein-the 557

message is an (IDP) message which includes a DNS resolution request in a service key.
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