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1
Description
EFFICIENT SHARING OF MOBILE EQUIPMENT
IDENTIFIERS
BACKGROUND

Regulations passed by the Federal Communications Commission (FCC) in the mid
1980s require each handset 1n the United States to have a unique i1dentifier. Currently,
mobile phones are identified by a 32-bit number called the Electronic Serial Number
(ESN). Due to rapid growth in wireless communications, the ESN space 1s being
rapidly exhausted. By some estimates, the ESN space will be completely exhausted by
2007.

Recognizing the prospect of ESN exhaustion, the CDMA industry has defined a
new identifier called the Mobile Equipment Identifier (MEID), which is introduced in
Release D of the cdma2000 standards (IS-2000-D). However, systems implementing
Release D are not expected to be deployed in the near future. Due to the anticipated
exhaustion of ESNs, there 1s great interest in transitioning to the MEID before TIA-
2000-D systems are deployed.

In 2003, the Third Generation Partnership Project 2 (3GPP2) introduced a new air
interface standard to accommodate the introduction of mobile stations equipped with
MEIDs. The standard is published as 3GPP2 C.S0072, also known as TIA-1082, which
1s incorporated herein by reference. This standard allows deployed releases (Releases
0, A, B, C) of the cdma200 standard to use a limited set of features 1n Release D to
support the MEID. The MEID is used by the circuit-switched core network to identify
the mobile station and may also be used by the packet-switched core network for
accounting purposes. The mobile station generates a pseudo ESN (pESN) based on its
MEID for use 1in access messages.. The pESN has the same format as a ESN. If the
network has implemented TIA-1082 and supports the MEID, the network may query
the mobile station to determine its MEID. Because different MEIDs may yield the
same pESN, the circuit-switched core network may use the pESN and International
Mobile Station Identifier (IMSI) to identify the mobile station, or query the mobile
station for 1ts IMSI. The packet-switched network may use the pESN and IMSI to
identify the mobile station for accounting purposes. The MEID may be stored by the
circuit-switched core network and sent to the base station.

In conventional networks, ESNs are normally used to derive public long code
masks (PLCMs). In systems that support the MEID, the PLCM may be derived from
the MEID or pESN. If the pESN 1s used to derive the PLLCM, there 1s a possibility that

multiple mobile stations will have the same pESN. To avoid problems caused by
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duplicate pESNs, the new standard also allows the base stations to assign PLLCMs to
mobile stations. The PLLCM may be sent to the mobile station in either an Enhanced
Channel assignment Message (ECAM) or Universal Handoff Direction Message
(UHDM). The new standard also provides a means for the network to query the mobile
station to determine its MEID.

Both the base station and the Mobile Switching Center (MSC) 1in cdma2000
networks may 1nitiate a status inquiry to the mobile station to retrieve the MEID. A
method 1s needed to allow the MSC and BS to share this information to avoid imple-
mentations where each node (e.g., base station or MSC) relies on the other to initiate a
status inquiry and the MEID not being retrieved, or where each node autonomously
initiates the status inquiry resulting in unnecessary signaling over the air. Since the
MEID may be useful both to the base station (to forward toward the Packet Data
Serving Node(PDSN) for accounting purposes) and to the MSC (for purposes of 1den-
tification of the mobile station), the MEID retrieved by one node should be com-

municated to the other node.
SUMMARY

The present invention provides a method and apparatus to coordinate the acquisition
of the MEID of a mobile station by a serving base station and a MSC. During call
setup, the MSC may provide the MEID of the mobile station to the base station in a
call setup message. If the MEID 1s not provided by the MSC 1n a call setup message,
the base station sends a request message to the mobile station requesting the MEID of
the mobile station. The request message may be sent by the base station either before
or after traffic channel setup. When the base station receives the MEID from the
mobile station in a response message, the base station may send the MEID of the
mobile station to the MSC 1n a call setup message. In one exemplary embodiment for
cdma2000 systems, the base station sends the MEID 1in the Assignment Complete
message after the traffic channel 1s established if not earlier received from the MSC in

either a Paging Request message of Assignment Request message.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a functional block diagram illustrating the main components of an
exemplary wireless communication network.

Fig. 2 1s a call flow diagram illustrating an exemplary mobile originated call es-
tablishment procedure.

Fig. 3 1s a call flow diagram illustrating an exemplary mobile terminated call es-
tablishment procedure.

Fig. 4 illustrates the general format used for a paging request message.

Fig. 5 illustrates the general format used for an assignment request message.
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Fig. 6 illustrates the general formal used for an assignment complete message.
DETAILED DESCRIPTION

Figure 1 illustrates logical entities of an exemplary wireless communication
network 10 for providing mobile communication services to a plurality of mobile
stations 100. Figure 1 illustrates a network 10 configured according to the cdma2000
air interface and interoperability standards. More specifically, the exemplary
embodiment incorporates the Interoperability Specification (I0S) for cdma2000
Access Network Interfaces - Part 4 (Al, Alp, A2, and AS Interfaces)(3GPP2
A.S0014-C v2.0), which 1s incorporated herein by reference. However, those skilled in
the art will appreciate that the present invention could be adapted and employed in
systems using other communication standards including the Wideband Code Division
Multiple Access (WCDMA) and High Rate Packet Data (HRPD) standards.

Network 10 comprises a circuit-switched core network 20, a packet-switched core
network 30, and one or more radio access networks (RANSs) 40. The CSCN 20
provides primarily voice services and low rate data services, such as facsimile services,
to the mobile stations 100. The CSCN 20 includes a mobile switching center (IMSC) 22
and provides a connection to the public switched telephone network (PSTN) 16. The
PSCN 30 may provide voice and high speed packet data services. The PSCN 30
includes a packet data serving node (PDSN) 32 and connects to an external packet data
network (PDN) 18, such as the Internet. The PDSN 32 supports PPP connections to
and from the mobile stations 100. The RANs 40 provide access to the core networks
20, 30. The main RAN functions include establishing, maintaining and terminating
radio channels for communication with the mobile stations 100; radio resource
management; and mobility management.

Each RAN 20 comprises one or more radio base stations (RBSs) 42, one or more
base station controllers (BSCs) 44. If the RAN 20 supports packet data services, the
RAN further includes one or more Packet Core Functions (PCFs) 46. The PCFs 46
may be integrated with BSCs 44 though shown separately in Fig. 1. Each RBSs 42
includes a plurality of transmitters and receivers for communicating over the air
interface with mobile stations 100. Each RBS 24 1s located in and provides service to a
geographic region referred to as a cell. In general there 1s one RBS 24 1n a cell, but a
cell could include multiple RBSs 24. The cell may be a sectorized cell that 1s divided
into a number of sectors. A single RBS 24 in a cell may serve all sectors in the cell.
The BSCs 44 manage radio resources for one or more RBSs 42. In cdma2000
networks, an RBS 42 and a BSC 44 comprise a base station 48. The RBS 42 is the part
of the base station 48 that includes the radio equipment and 1s normally associated with
a cell. The BSC 44 1s the control part of the base station 48. In cdma2000 networks, a
single BSC 44 may comprise the control part of multiple base stations 48. The PCF 46
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connects the RAN 20 to the PDSN 32 and routes traffic between the PDSN 32 and the
BSCs 44.

The mobile stations 100 may be equipped with a mobile equipment 1dentifier
(MEID) which is defined in Release D of the cdma2000 standard. The MEID uniquely
identifies the mobile station 100 and replaces the electronic serial number (ESN) used
in previous mobile stations 100. The present invention provides a method implemented
by a base station 48 to acquire the MEID of a mobile station 100 during call setup, and
to share the MEID with the MSC 22. The base station 48 1s configured to query the
mobile station 100 during call setup to acquire the MEID of the mobile station 100 1f
the MEID is not provided by the mobile switching center 22 in either a Paging Request
message or Assignment Request message. After acquiring the MEID from the mobile
station 100, the base station 48 sends the MEID to the MSC 22 in an Assignment
Complete message.

Figure 2 illustrates a mobile-originated call establishment procedure for establishing
a voice call originated by the mobile station 100 according to one exemplary
embodiment. The mobile station 100 sends an Origination message (step a) to the base
station 48 to 1nitiate the call. The base station 48 forwards the information contained in
the Origination message to the MSC 22 in a CM Service Request message (step b).
After authenticating the mobile station 100, the MSC 22 routes the call to the Public
Switched Telephone Network (PSTN) 16 and sends an Assignment Request message
to the base station 48 to request assignment of radio resources to the mobile station 100
(step ¢). The Assignment Request message is specified in Section 3.1.7 of the cdma200
interoperability standard (3GPP2 A.S0014-C v2.0) and may contain the MEID of the
mobile station 100 1if this value 1s already available to the MSC 22, e.g., the MSC 22
stored the MEID received during a previous access attempt. After receiving the
Assignment Request message from the MSC 22, the base station 48 establishes
forward and reverse link traffic channels with the mobile station 100 (step d) and
negotiates service parameters with the mobile station 100 (step e). After the service ne-
gotiation 1s complete, the base station 48 may send a Status Request message (step ) to
the mobile station 100 to request the MEID of the mobile station 100. The mobile
station 100 may send a Status Response message (step g) to the base station 48
including the MEID. Steps f and g are not performed if the Assignment Request
message from the MSC 22 to the base station 48 includes the MEID of the mobile
station 100. After receipt of the Status Response message at step g, or after completion
of service negotiation at step e, the MSC 22 sends an Assignment Complete message
to the MSC 22 (step h). The Assignment Complete message 1s specified in Section
3.1.8 of the cdma2000 interoperability standard (3GPP2 A.S0014-C v2.0). If the

Assignment Request message did not include the MEID, the base station 48 includes
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the MEID 1in the Assignment Complete message. The MSC 22 alerts the called party
(step 1) and generates call progress tones (step j), which are sent inband to the mobile
station 100. When the called party answers (step k), the MSC 22 stops sending the
tones and connects the call (step 1). The parties are now connected and can participate
in a two-way conversation.

Figure 3 illustrates a mobile-terminated call establishment procedure for es-
tablishing a voice call to the mobile station 100 according to one exemplary
embodiment. The MSC 22 receives an incoming call (step a) and sends a Paging
Request message to the mobile station 100 (step b). The Paging Request message 1s

specified in Section 3.1.4 of the cdma2000 interoperability standard (3GPP2
A.S0014-C v2.0) and may include the MEID of the mobile station 100 if this value is
already available to the MSC 22. The base station 48 sends a Page message to the
mobile station 100 to alert the mobile station 100 (step ¢). The mobile station 100
sends a Page Response message to the base station 48 to accept the call (step d). The
base station 48, in turn, sends a Paging Response message to the MSC 22 (step e). The
Paging Response message 1s specified in Section 3.1.5 of the cdma2000 interop-
erability standard (3GPP2 A.S0014-C v2.0). After receiving the Paging Response
message, the MSC 22 sends an Assignment Request message to the base station 48 to
request assignment of radio resources to the mobile station 100 (step f). After receiving
the Assignment Request message from the MSC 22, the base station 48 establishes
forward and reverse link traffic channels with the mobile station 100 (step g) and
negotiates service parameters with the mobile station (step h). After the service ne-
gotiation 1s complete, the base station 48 sends a Status Request message (step 1) to the
mobile station 100 to request the MEID of the mobile station 100 1f the Paging Request
message received from the MSC 22 did not include the mobile station MEID. The
mobile station 100 sends a Status Response message (step j) to the base station 48
including the MEID. Steps 1 and j are not performed 1f the Paging Request message
from the MSC 22 to the base station 48 includes the MEID of the mobile station 100.
After receiving the Status Response message at step j, or after completion of service
negotiation at step h, the base station 48 sends an Assignment Complete message to the
MSC 22 (step k). The Assignment Complete message includes the MEID of the mobile
station 100 if not provided by the MSC 22 in the Paging Request message. After
sending the Assignment Complete message, the base station 48 sends an Alert With In-
formation message (AWIM) directing the mobile station 100 to alert the user to the
incoming call (step 1). When the user answers, the mobile station 100 sends a Connect
Order to the base station 48 (step m). The base station 48 sends a Connect message to
the base station 48 to complete the call (step n). The parties are now connected and can

participate 1n a two-way conversation (step o).
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Figs. 2 and 3 1llustrate exemplary embodiments of the invention implemented in
procedures to setup voice calls in a cdma2000 network. The techniques described can
also be applied to call setup procedures for setting up a packet data call in cdma2000
networks. For packet data calls, the Status Request and Status Response message
exchange can be performed in parallel with other signaling procedures and , thus, does
not extend the time required for call setup. Also, the techniques described could be 1m-
plemented in other types of networks.

Figs. 4 - 6 1llustrate exemplary formats for the Paging Request message,
Assignment Request message, and Assignment Complete message respectively. The
references to sections in the Figures refer to3GPP2 A.S0014-C
v2.0(TTIA-2001-D).Each of these messages includes an optional information element to
carry the MEID if the MEID is being transmitted. This information element 1s omitted
when the MEID is not transmitted.

The present invention may, of course, be carried out 1n other specific ways than
those herein set forth without departing from the scope and essential characteristics of
the invention. The present embodiments are, therefore, to be considered 1n all respects
as illustrative and not restrictive, and all changes coming within the meaning and

equivalency range of the appended claims are intended to be embraced therein.
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Claims

1. A call setup method implemented by a base station in a mobile communication
network, said method comprising:

- setting up a traffic channel with the mobile station;

- sending a request message to said mobile station to request a mobile

equipment 1dentifier;

- recelving a response message from said mobile station in reply to said

request message including said mobile equipment identifier; and

- forwarding said mobile equipment 1dentifier to a mobile switching center.
2. The method of claim 1 wherein the request message 1s sent to the mobile
station if the mobile equipment identifier 1s not provided to the base station by
the mobile switching center 1n a call setup message.
3. The method of claim 2 wherein the base station sends the request message to
the mobile station if the mobile switching center fails to provide the mobile
equipment identifier in a paging request message during a mobile-terminated call
setup.
4. The method of claim 2 wherein the base station sends the request message to
the mobile station if the mobile switching center fails to provide the mobile
equipment identifier in at least one of a paging request message or an assignment
request message during a mobile-terminated call setup.
5. The method of claim 2 wherein the base station sends the request message to
the mobile station if the mobile switching center fails to provide the mobile
equipment 1dentifier in an assignment request message during a mobile-
originated call setup.
6. The method of claim 1 wherein the base station sends the request message
before traffic channel setup.
7. The method of claim 1 wherein the base station sends the request message
after traffic channel setup.
8. The method of claim 1 wherein forwarding said mobile equipment identifier to
sald mobile switching center comprises sending the mobile equipment identifier
to the mobile switching center in an assignment complete message after traffic
channel setup.
9. A base station for a mobile communication network, comprising:

- one or more transceivers for communicating with mobile stations; and

- a base station controller to control said transceivers and configured to:

- set up a traffic channel with the mobile station;

- send a request message to said mobile station to request a mobile
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equipment i1dentifier;
- recelve a response message from said mobile station in reply to said
request message including said mobile equipment identifier; and
- forward said mobile equipment identifier to a mobile switching
center.
10. The base station of claim 9 wherein the base station controller is further
configured to send the request message on the condition that the mobile
equipment manufacturer is not received from the mobile switching center before
traffic channel setup.
11. The base station of claim 10 wherein the base station controller sends the
request message to the mobile station if the mobile switching center fails to
provide the mobile equipment identifier in a paging request message during a
mobile-terminated call setup.
12. The base station of claim 10 wherein the base station sends the request
message to the mobile station if the mobile switching center fails to provide the
mobile equipment identifier in at least one of a paging request message or an
assignment request message during a mobile-terminated call setup.
13. The base station of claim 10 wherein the base station controller sends the
request message to the mobile station if the mobile switching center fails to
provide the mobile equipment identifier in an assignment request message during
a mobile-originated call setup.
14. The base station of claim 9 wherein the base station controller is configured
to forward said mobile equipment 1dentifier to said mobile switching center by
sending the mobile equipment 1dentifier to the mobile switching center in an
assignment complete message after traffic channel setup.
15. The base station of claim 9 wherein the base station sends the request
message before traffic channel setup.
16. The base station of claim 9 wherein the base station sends the request
message after traffic channel setup.
17. A call setup method implemented by a base station in a cdma2000 network,
sald method comprising:
- setting up a traffic channel with the mobile station;
- sending a Status Request Message to said mobile station to request a
mobile equipment identifier;
- rece1ving a Status Response Message or Extended Status Response
Message from said mobile station in reply to said request message
including said mobile equipment 1dentifier; and

- forwarding said mobile equipment identifier to a mobile switching center
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in an Assignment Complete message.
[18] 18. The method of claim 17 wherein the Status Request Message 1s sent to the
mobile station if the mobile equipment identifier is not provided to the base
station by the mobile switching center in either a Paging Request message or an

Assignment Request message.
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