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CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. patent application no. 61/387,310,

fifed September 28, 2010.

FIELD OF THE INVENTION

[002] The present disclosure is directed in general to communications systems and

methods for operating same. In one aspect, the present disclosure relates to the methods,

systems and devices for managing focal IP access (LIPA) connection releases resulting from

mobility of a user equipment.

DESCRIPTION OF THE RELATED ART

[003] Within the 3rd Generation Partnership Project (3GPP), standards are being

developed for the interface between the mobile core network and a femtoceli which is a small

cellular base station, typically designed for use in a home or small business. Home NodeB

(HNB), Home eNB (HeNB) and femto ceil are concepts introduced for Universal Mobile

Telecommunications System (UMTS) and Long Term Evolution (LTE) evolved UMTS

Terrestrial Radio Access Network (E-UTRAN) to improve indoor and micro-ceil coverage as

well as to leverage wireline backhaul to the "home." A femtoceli is widely used outside of

3GPP to mean any cell with a very small coverage, and typically installed in a private

premises (either private or corporate or residential/enterprise). The Home NodeB (HNB),

Home eNB (HeNB) and femto cell can have a residential or enterprise IP network. The terms

HeNB/HNB are used in 3GPP with specific meanings, i.e. that the cell is a closed subscriber

group (CSG) or hybrid cell. A CSG identifies subscribers of an operator who are permitted

to access one or more ceils of the public land mobile network (PLMN) but which have

restricted access. A H(e)NB subsystem supports Local IP Access in order to provide access

for I -capable user equipment (UE) devices connected via a H(e)NB subsystem (i.e. using

H(e)NB radio access) to other IP capable entities in the same residential IP network or

enterprise IP network. The term macrocell, while not having significance in 3GPP

specifications, is widely used to mean a cell other than a CSG cell.

[004] One aspect of HeNB/HNB functionality is the ability to restrict access to

particular users. For example, access may be restricted to employees of the company on

whose site the HeNB is deployed, to customers of a particular coffee shop chain, or (in the



case of HeNBs deployed in private homes) to individuals. To achieve this functionality,

3GPP has defined the concept of the Closed Subscriber Group (CSG). The CSG cell is one

which indicates that it is a CSG cell (by means of 1 bit broadcast in the system information)

and broadcasts a CSG ID (also in system information). A cell can only indicate one (or none)

CSG IDs, however multiple cells may share a CSG D. A E device may be subscribed to

multiple CSGs. The UE may for example may be a mobile terminal such as, but not limited

to a cellular telephone, a personal data assistant (PDA), or a wirefessly enabled computer.

subscription may be temporary in nature (e.g., a coffee shop allows a customer one hour's

access to its CSG).

[005] 3GPP standards are also being developed for the concept of selected IP traffic

offloading (SIPTO) which allows internet traffic to flow from the femtocell directly to the

internet, bypassing the operator's core network. SIPTO is used to offload selected types of IP

traffic (e.g. internet traffic) towards a defined IP network close to the UE's point of

attachment to the access network. SIPTO is applicable to traffic offload for the macro-

cellular access network and for the femto cell subsystem SIPTO PDN Connectivity

indicates a PDP Context or PDN Connection that allows offload of selected types of IP traffic

(e.g. internet traffic ) towards a defined IP network close to the UE's point of attachment to the

access network. SIPTO is applicable to traffic offload for the macro-cellular access network

and fo the femto cel subsystem.

[006] In addition, standards are being developed for local IP Access (LIPA) which

allows an IP-capable UE connected via a femto cell direct access to other IP-capable devices

in the local residential/corporate IP network. LIPA PDN Connectivity indicates a PDP

Context (in the case of a GERAN or UTRAN femto ce l connected to a GPRS core network)

or a PDN Connection (in the case of an E-UTRAN femto cell connected to a GPRS core

network) that gives access to sendees located in the local residential/corporate IP network of

the femto ceil subsystem.

[007] In connection with these developing standards, the following abbreviations

and meanings have been developed.

[008] The Connectivity Type indicates the type of connectivity provided for a packet

data protocol (PDP) Context or PD Connection, and applies to both connectivity established

in a macro cell (in which case it can be either remote connectivity - i.e., with a GGSN/PDN

GW located in the operator core network —or SIPTO connectivity or remote IP access



(RIPA) connectivity) and to connectivity established in a H(e)NB (in which case it can be

either SIPTO connectivity or LIPA connectivity).

[009] A Closed Subscriber Group (CSG) identifies subscribers of an operator who

are permitted to access one or more cells of the PLMN but which have restricted access (CSG

cells).

[010] A CSG Cell is a cell tha is par of the public land mobile network (PLMN)

broadcasting a specific CSG identity, and that is accessible by the members of the closed

subscriber group for that CSG identity. All the CSG cells sharing the same identity are

identifiable as a single group for the purposes of mobility management and charging. A CSG

Cell is considered to be synonymous of B and HeNB.

[0 ] An Allowed CSG List is a list stored in the network and the UE containing al

the CSG identity information of the CSGs to which the subscriber belongs.

[012] A CSG Owner is the owner of one or more H(e)NBs tha have been

configured as a CSG cell(s) for a particular CSG. A CSG owner can, under the H(e)NB

operator's supervision, add, remove and view the list of CSG members.

[013] Local IP Access (LIPA) provides access for IP-capable UEs connected via a

H(e)NB (i.e. using H(e)NB radio access) to other IP capable entities in the same

residential/enterprise IP network. Traffic for Local IP Access is expected to not traverse the

mobile operator's network except H(e)NB.

[014] A LIPA PDN Conneciion/PDP Context is a PDN Connection or PDP Context

that gives access to the UE to sendees located in the local residential/corporate IP network.

The PDN GW/GGSN (or Local GW) is selected in such a way to provide this type of

connectivity. Alternatively, a LIPA PDN Conneciion/PDP context is defined as a PDN

Conneciion/PDP context that provides access for IP capable UEs connected via a H(e)NB

(i.e. using H(e)NB radio access) to other IP capable entities in the same residential/enterprise

IP network. Alternatively, a LIPA PDN connection or LIPA PDP context is a PDN

Connection thai the MME authorizes for connectivity to a PDN GW for a UE connected to a

HeNB based on a request from the UE for LIPA connectivity and based on the CSG ID of the

HeNB. Alternatively, a LIPA PDN connection or LIPA PDP context a PDN Connection

which was activated by the UE requesting LIPA connectivity type "LIPA" and the MME

informing the UE of the connectivity type provided.



[0 ] L PA PDN Continuity refers to the E having a L PA PDN Connection/PDP

Context while camping or connected in a H(e)NB that maintains the connection when

moving to another H(e)NB or to a macro cell.

[016] An evolved packet core (EPC) functionality (e.g., SGSN, MME, S-GW, PDN

GW, GGSN, etc) is LIPA-aware and/or SIPTO-aware and/or SIPTO-local-aware if the

functionality determines that a given PDN connection or PDF context is a

LIPA/SIPTO/SIPTO-local PDN connection or PDF context. Alternatively, the functionality

is LIPA-aware and/or SIPTO-aware and/or SIPTO -local-aware if it is configured to manage

network contexts (e.g. PDN connection/PDP context descriptors and related signaling) for

LIPA/SIPTO/SIPTO-local connections.

[017] Network address translator (NAT) is a translator that modifies network

address information in datagram (IP) packet headers while in transit across a traffic routing

device for the purpose of remapping one IP address space into another.

[01 8] A Packet Data Network (PDN) is a network providing data services, such as

the Internet, Intranet and ATM networks.

[0 1 ] A PDN Connection is a connection to a specific PDN identified by a specific

APN.

[020] Remote Connectivity refers to a PD Context or PDN Connection for which

the GGSN or the PDN GW, respectively, are selected in the PLMN core network according

to current selection mechanisms. Remote Connectivity does not include providing SIPTO or

LIPA connectivity, but could be providing R PA connectivity.

[02 ] Selected IP Traffic Offload (SIPTO) operations offload selected types of IP

traffic (e.g., internet traffic) towards an IP network close to the E's point of attachment to

the access network SIPTO is applicable to traffic offload for the macro-cellular access

network and for the H(e)NB subsystem.

[022] SIPTO PDN Connection/PDP Context refers to a PDN Connection/PDF

Context for which the breakout point (e.g., PDN GW or GGSN) is close to the UE's point of

attachment to the access network.

[023] SIPTO Local refers to the offload of selected types of IP traffic (e.g., internet

traffic) at the H(e)NB towards the Internet.



[024] S1PTO Local PDN Connection/PDP Context is a PDN Connection/PDP

Context for which the breakout point is the H(e)NB the UE is connected to and provides

access to the Intern et

[025] Home Node B (HNB) refers to customer-premises equipment that connects a

3GPP LIE over UTRAN wireless air interface to a mobile operator's network, e.g., using

broadband IP backhaul.

[026] Home Evolved Node B (HeNB) refers to a customer-premises equipment that

connects a 3GPP UE over E-UTRAN wireless air interface to a mobile operator's network,

e.g., using broadband IP backhaul.

[027] A H(e)NB Gateway is a mobile network operator's equipment (usually

physically located on mobile operator premises) through which the H(e)NB gets access to

mobile operator's core network. For He Bs, the HeNB Gateway is optional.

[028] A Default PDN Connection is the connection to the PDN that the operator has

set as default for the UE (for a PDP Connection in EPS or a PDP Context in GPRS)

(provisioned in the subscriber profile). The UE may not know the APN for the Default PDN

even after the UE attaches to the network and obtains connectivity to the default PDN.

[029] The network architecture model for the support of CSG Cells is described in

3GPP T 23.830 (Architecture aspects of Home NodeB and Home eNodeB) and depicted

with reference to Figure 1 which shows an architecture model for a Home NodeB access

network 100. As depicted, the network 100 includes one or more CSG-capable UEs 170 in

communication with a HNB 0 over reference point Uu 75. The UEs 170 may, for

example, be a mobile terminal such as, but not limited to, a cellular telephone, a personal data

assistant (PDA), or a wirelessly enabled computer. The HNB 0 is in communication with a

HNB gateway (HNB GW) 20 over reference point lull 5 . The HNB GW 120 is in

communication with mobile switching center/visitor location center (MSC/VLR) 30 over

reference point -CS 124. The HNB GW 120 is also in communication with serving GPRS

Support Node (SGSN) 140 over reference point Iu-PS 126. A CSG List Server (CSG List

Srv) 50 and home location register/home subscriber server (HLR/ITSS) 60 are part of a

home public land mobile network (HPLMN) 90. Networks that are not the HPLMN 90 on

which the UE may operate are a visited public land mobile network (VPLMN) 0 . The

MSC/VLR 30 and the SGSN 140 are each in communication with the HLR/ITSS 60 over

reference points D 135 and GRs6d 145, respectively. One of the CSG enabled UEs 170 is in



communication with the CSG List Srv 150 o e reference point C I 185 A more detailed

description of the elements and communication reference points of Figure 1 are provided

hereinbelow.

[030] HNB 1 0 : The HNB 0 provides the RAN connectivity using the luh 115

interface, supports the NodeB and most of the radio network controller (R C) functions and

also HNB authentication, HNB-GW discovery, HNB registration and UE registration over

uh 115. The HNB 0 secures the communication to/from the SeGW.

[03 ] HNB GW 120: The HNB G W 120 serves the purpose of a RJS!C presenting

itself to the core network (CN) as a concentrator of HNB connections, i.e. the HNB GW 120

provides concentration function for the control plane and provides concentration function for

the user plane. The HNB GW 120 supports Non Access Stratum (NAS) Node Selection

Function (NNSF).

[032] Uu 175: Standard u interface between the U E 70 and the HNB 0 .

[033] luh 15: Interface between the HNB 110 and HNB GW 120. For the control

plane, luh 5 uses HNBAP protocol to support HNB registration, UE registration and error

handling functions. For the user plane, luh support user plane transport bearer handling.

[034] Iu-CS 24: Standard lu-CS interface between the HNB GW 0 and the

circuit switched (CS) core network.

[035] lu-PS 126: Standard lu-PS interface between the HNB GW 120 and the

packet switched (PS) core network.

[036] D 135: Standard D interface between mobile switching center/ visitor location

center (MSC/VLR) 30 and home location register/home subscriber server (HLR/HSS) 160.

[037] Gr/S6d 145: Standard Gr interface between serving GPRS Support Node

(SGSN) 140 and HLR/HSS 160.

[03 8] C 1 85 : Optional interface between the CSG List Server (CSG List Srv) 150

and CSG-capable UEs 70. Over-the-air (OTA) signaling is used to update the allowed CSG

list on a U E 170 with a Release 8 (Rel-8) Universal Subscriber identity Module (USiM). In

some embodiments, Open Mobile Alliance (OMA) Device Management (DM) is used to

update the Allowed CSG list on the UE 170 with a pre-Rel-8 USIM.

[039] UEs that are capable of supporting Rel-8 functionality of the 3GPP standard

may support CSG functionality and maintain a list of allowed CSG identities. This list can be

empty in case the UE does not belong to any CSG.



[040] Each cell of a He B may belong to, at maximum, one CSG. t is possible for

cells of a HeNB to belong to different CSGs and hence have different CSG IDs.

[04 ] The Allowed CSG List is provided as part of the CSG subscriber's

subscription data to the MME.

[042] The Allowed CSG List can be updated in the UE according to the result of the

attach procedure, the Tracking Area Update (TAU) procedure, service request and detach

procedures or by application level mechanisms such as OMA DM procedures.

[043] The MME performs access control for the UEs accessing through CSG cells

during attach, combined attach, detach, service request and TAU procedures.

[044] The UE is notified of the cause of rejection by the network if the UE is not

allowed to access a CSG cell.

[045] When a CSG ID which is not included in the E' s Allowed CSG List is

manuaily selected by the user, a TAU procedure via the selected CSG cell may be triggered

immediately by the UE to allow MME to perform CSG access control.

[046] There is no restriction on Tracking Area. Identity (TAI) assignment for E -

UTRAN CSG cells. As a result, it is possible that a normal cell (non-CSG ce l) and a CSG

cell can share the same TAI or have different TAIs. In addition, it is possible that CSG cells

with different CSG ID can share the same TAI or have different TAIs. It is also possible that

CSG ceils with the same CSG D can share the same TAI or have different TAIs.

[047] The concept of TAI list applies also for CSG cells. T e TAI list may include

TAIs related to CSG cells and TAIs related to non-CSG cells. The UE does not differentiate

these TAIs in the TAI list.

[048] For the case of HeNB GW deployment, TAIs supported in the HeNB GW are

the aggregation of TAIs supported by the CSG cells under this HeNB GW.

[049] Several architectures for HeNB CSG Cells will now be described with

reference to Figures 2-4. Starting with Figure 2, there is depicted an architecture model for a

HeNB access network 200 which includes a dedicated HeNB GW. In the depicted network

200, a single UE 270 is in communication with a HeNB 210 over reference point LTE-Uu

275. The HeNB 210 is also in communication with a HeNB gateway (HeNB GW) 220 over

reference point S 2 . The HeNB GW 220 is in communication with mobility management

entity (MME) 230 over reference point SI-MME 224, and is also in communication with

serving gateway (S-GW) 240 over reference point S U 226. A CSG List Server (CSG List



Srv) 250 and home subscriber server (HSS) 260 are part of a home public land mobile

network (HPLMN) 290. Networks that are not the HPLM 290 on which the UE may

operate are a visited public land mobile network (VPLMN) 280. The MME 230 is in

communication with the HSS 260 over reference point S6a 235. The S-GW 240 is in

communication with the MME 230 ove reference point S 1 245. The UE 270 is in

communication with the CSG List Srv 250 over reference point C 285. A more detailed

description of the elements and communication reference points of Figure 2 are provided

below.

[050] HeNB 210: The functions supported by the HeNB 210 may be the same as

those supported by an eNB (with the possible exception of Non Access stratum (NAS) node

selection function (NNSF)) and the procedures run between a HeNB and the evolved packet

core (EPC) may be the same as those between an eNB and the EPC. The HeNB 210 secures

the communication to/from the SeGW 240.

[05 ] HeNB GW 220: HeNB GW 220 serves as a concentrator for the control plane

(C-Plane), specifically the S -MME interface 224. The HeNB GW may optionally terminate

the user plane towards the HeNB 2 0 and towards the S-GW 240, and provide a relay

function for relaying User Plane data between the HeNB 10 and the S-GW 240. In some

embodiments, the HeNB GW 220 supports NNSF.

[052] S-GW 240: The Security Gateway 240 is a logical function that may be

implemented either as a separate physical entity or co-located with an existing entity. The S-

GW 240 secures the communication from/to the HeNB 0.

[053] LTE-Uu 275: Standard LTE-Uu interface between the UE 270 and the HeNB

210.

[054] Sl-MME 224: The S -MME 224 interface is defined between HeNB 210 and

MME 230 if no HeNB GW 220 is used. If HeNB GW 220 is present, as in Figure 2, the

HeNB GW 220 may use an Sl-MME interface towards both HeNB (S 215) and MME (S -

MME 224).

[055] SI -U 226: The SI -U data plane is defined between the HeNB 210, HeNB

GW 220 and the Serving Gateway (S-GW) 240, depending upon the arrangement of network

elements. The Sl - J 226 interface from the HeNB 210 may be terminated at the HeNB GW

220, or a direct logical U-Plane connection between HeNB and S-GW may be used.

[056] S 245: Standard interface between MME 230 and S-GW 240.



[057] S6a 235: Standard interface between MME 230 and HSS 260.

[058] C 285: Optional interface between the CSG List Srv 250 and CSG-capable

UEs 270. OTA is used to update the allowed CSG list on a UE 270 with a Rel-8 USTM.

OMA DM is used to update the Allowed CSG list on a UE with a pre-Rel-8 S M .

[059] With reference to Figure 3, there is depicted an architecture model for a HeNB

access network 300 which does not include a dedicated HeNB GW. in the depicted network

300, a single UE 370 is in communication with a HeNB 3 0 over reference point LTE-Uu

375. The HeNB 3 0 is in communication with a S-GW 340 ove reference point Sl-U 326,

and is also in communication with MME 330 over reference point S -MME 324. A CSG

List Srv 350 and HSS 360 are part of a HPLMN 390. Networks that are not the HPLMN 390

on which the UE may operate are a VPLMN 380. The MME 330 is in communication with

the HSS 360 over reference point S6a 335. The S-GW 340 is in communication with the

MME 330 over reference point S 1 345. The UE 370 is in communication with the CSG List

Srv 350 over reference point C 385.

[060] With reference to Figure 4, there is depicted an architecture model for a HeNB

access network 400 which includes a HeNB GW for the C-P3ane. In the depicted network

400, a single UE 470 is in communication with a HeNB 410 over reference point LTE-Uu

475. The HeNB 4 0 is i communication with a S-GW 440 over reference point Sl-U 426,

and is also in communication with a HeNB-GW 420 over reference point S -MME 422. The

HeNB-GVV 420 is in communication with MME 430 over reference point SI-MME 424. A

CSG List Srv 450 and HSS 460 are part of a HPLMN 490. Networks that are not the

HPLMN 490 on which the UE may operate a e a VPLMN 480. The MME 430 is in

communication with the HSS 460 over reference point S6a 43 . The S-GW 440 is in

communication with the MME 430 over reference point Si 1 445. The UE 470 is in

communication with the CSG List Srv 450 over reference point CI 485.

[061] Traditionally, the UE connects to sendees through a remote connection using a

PDP Context towards a GGSN in the core network in the case of 2G/3G, and a PDN

Connection to a PGW in the Evolved packet system (EPS). As will be appreciated, PDN

connection procedures are described in GPP TS 23.401 ("General Packet Radio Service

(GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN)

access") and 3GPP TS 24.301 ("Non-Access-Stratum (NAS) protocol for Evolved Packet

System (EPS)"). Additional signal flow information relating to PDN connectivity setup and



handover procedures is described in U.S. Patent Application No. 12/685651 (filed January

11, 2010) and U.S. Patent Application No. 12/685662 (filed January 11, 2010) which are

each incorporated herein by reference as is fully set forth herein.

[062] As explained above, 3GPP is introducing the concepts of local P access

(LIPA) and selective IP traffic offloading (SIPTO) to supplement the traditional way for

connecting a UE to services through a remote connection (PDP Context towards a GGSN in

the core network in the case of 2G/3G, and a PDN Connection to a PGW in the Evolved

packet system (EPS). With LIPA and SIPTO connections, the UE is connected to a

HNB/FleNB located in a home or corporate environment to obtain local connectiviiy, i.e.

connectivity through the IP network local to the HNB (i.e. the (residential or enterprise) IP

network in the HNB "home" premises). An example of this scenario is when a given

application in the UE needs to print on a local printer, or an application needs to download an

updated music playlist from a local media server. Several architectures for providing LIPA

and SIPTO connections over HNB/HeNB cells wil now be described with reference to

Figures 5 and 6, where the difference between LIPA connectivity and normal connectivity is

also highlighted.

[063] With reference to Figure 5, there is illustrated a schematic diagram of an

example logical architecture network 000 for use in a HNB cell illustrating Local IP

connectivity. The depicted network 1000 is substantially the same as Figure 1 with the

addition of a Gateway GPRS Support Node (GGSN) 196 connected to the SGSN 140, a PDN

98 connected to the GGSN 96, and a home network 04 that has an illustrated coverage

area defined by the circle shape. LIPA PDN connectivity is illustrated f om the UE 0

through the HNB 0 to the local service 106 via dotted line 108. Normal PDN connectivity

via the core network (HNB GW 120, SGSN 40 and GGSN 196) is illustrated from the UE

170 to the PDN 98 via dashed ine 05.

[064] In the HNB scenarios, a UE 70 determines whether it has access to a given

HNB 0 thanks to the UE 70 having knowledge of its belonging to a specific Closed

Subscriber Group (CSG). The operator/owner of an HNB 1 0 creates list of CSGs and

provisions the UEs 170, 172 with CSG lists so that the UE 170, 172 determines which HNBs

it can connect to. Therefore, a UE 0, 72 that is moving in macro-coverage (i.e. in cellular

cells not belonging to a CSG/TINB) may come across a CSG/HNB cell 04 . The UE 70,

172 would use the CSG information to decide whether to attempt connection to such HNB



110 or not. CSG information is typically configured in the E 170, 172 by the operator and

can dynamically be modified, e.g. using OMA-DM (Device Management). USIM

information to support LIPA is also foreseen. Some of this information may be managed by

the H(e)NB hosting party too.

[065] With reference to Figure 6, there is illustrated a schematic diagram of the

example logical architecture network 00 for use in a HeNB cell illustrating Local TP

connectivity. The depicted network 1100 is substantially the same as Figure 2 with the

addition of a PGW 296 connected to the S-GW 240, a PDN 298 connected to the PGW 296,

and a home network 204 that has an illustrated coverage area defined by a circle shape. LIPA

PDN connectivity is illustrated from the UE 270 through the HeNB 2 0 to the local service

206 via dotted line 208. Normal PDN connectivity via the core network (HeBN 210, HeNB

GW 220, S-GW 240 and PGW 296) is illustrated f om the UE 270 to the PDN 298 via

dashed line 205. In the HeNB scenarios, a UE 270 also determines its access rights to the

HeNB network 204 using the CSG list provided by the HeNB 210.

[066] As will be appreciated, the relevant 3GPP specifications in this area include

3GPP TR 23.829 entitled "Local IP Access & Selected IP Traffic Offload" (which describes

the mechanisms for IP traffic offloading) and 3GPP S2-096006 entitled "Terminology update

to agreed text in TR 23.8xy" (which introduced LIPA and SIPTO functionalities and

architectural aspects). In addition, 3GPP S2-096050 entitled "LIPA and SIPTO node

functions" and 3GPP S2-096013 entitled "Internet offload for macro network" set forth the

architectural principles for selected embodiments of the disclosure relating to Local IP

Access and Selected IP Traffic Offload based on traffic breakout performed within H(e)NB

using a local PDN connection, as well as Local IP Access and Selected IP Traffic Offload at

H(e)NB by NAT. 3GPP S2-095900 entitled "Architectural Requirements of Internet

Offload" introduced the architectural requirement that traffic offload can be performed

without user interaction, and that the impact on the existing network entities and procedures

by introducing traffic offload be minimized.

[067] In addition to the foregoing, 3GPP S2-0960I3 entitled "Internet offload for

macro network" introduced an additional SIPTO solution which supports SIPTO for UMTS

macros and fo HNB subsystems. The additional SIPTO solution is depicted in the schematic

diagram of Figure 7 which shows an example logical architecture showing a Traffic Offload

Function (TOF) 208 deployed at Iu-PS. In the depicted architecture, the TO 1208 is



located at lu-PS and provides standard lu-PS interface to the R C 1206 and the SGSN 12 0.

Selected IP Traffic Offload is enabled by NAT and SPI/DPI based on operator policies at

different levels (e.g. per user, per APN, per sendee type, per IP address, etc). The policies

may be configured via e.g. OAM. One PDN connection or PDP context for both offload

traffic and non-offload traffic is supported, while also allowing use of different PDN

connections or PDP contexts for offload traffic and non-offload traffic (e.g. by selecting the

traffic based on APN ) . The TOF 208 includes a number of functions. First, the TOF 1208

inspects both NAS and RANAP messages to get subscriber information and establish local

UE context. The TOF 1208 also decides the offload policy to be applied based on above

information (e.g., during attach and PDP context activation procedures). In addition, TOF

1 08 drags the up nk traffic out from the GTP-U tunnel and performs NAT to offload the

traffic if offload policy is matched. TOF 1208 may also perform reverse NAT to the received

downlink offload traffic and inserts it back to the right GTP-U tunnel.

[068] A local gateway-based architecture solution is also introduced at 3GPP S2-

096015 entitled "Local GW Based Architecture" which supports Local IP Access for H(e)NB

subsystem, Selected IP Traffic Offload for H(e)NB subsystem, and Selected IP Traffic

Offload for macro network. The solution applies to both types of approaches: with separate

APNs for SIPTO and non-SIPTO traffic, and also with common APN(s) for SIPTO and non-

S PTO traffic. The local gateway solution is depicted in the schematic diagram of Figure 8

which shows an example logical architecture for a proposed extension of non-roaming

architecture for 3GPP accesses for SIPTO and LIPA. In the depicted architecture, a Local

Gateway (L-GW) 1306 is co-located with the (HjeNB 1304. Between L-GW 1306 and PD

GW 1310, a Local-GW Extension Tunnel 1326 is configured. The L-GW 1306 performs

gateway and routing to/from external PDN (e.g. internet, enterprise or home NW) that is

equivalent to SGi. In addition, the L-GW 1306 performs tunneling of IP packets through the

extension tunnel 1326 to/from PDN GW 13 0 (e.g., based on GTP, PM P, IP in IP o other).

The L-GW 306 also performs IP address handling (either IP address allocation and

conveyance to PDN GW, or alternatively reception of IP address from PDN GW and

NATing), as wel as coordination with the (HjeNB 304 on usage of local breakout (trigger

eNB for local traffic handling). The L-GW 1306 a so implements a decision function on the

usage of local breakout for uplink traffic (optionally it can be part of the eNB). As will be



appreciated, the L-GW 1306 is not a PDN GW shifted to eNB/E-UTRAN, but encompasses

only minimal functionality.

[069] With the L-GW 306, the functionality of the PDN GW 13 10 is enhanced by

establishing the extension tunnel 1326 upon PDN connection establishment for APNs

matching the criteria for local traffic. n addition, the PD GW 3 0 forwards traffic

through extension tunnel 1326 and to/from S5/S8 tunnel, and performs P address handling

(either obtain of IP address from L-GW, or alternatively conveyance to L-GW).

[070] At the (H)eNB 1304, there is provided UE access state information for the

cell(s) served by the (H)eNB 1304 to the L-GW 1306. In addition, the (H)eNB 1304

implements a decision function on usage of local breakout for uplink traffic (based on APN).

With the enhanced architecture shown in Figure 8, mobility between 3GPP and non-3GPP

accesses can be managed since the PDN GW 13 10 is always in the path when the UE 1302

leaves the (H)eNB 1304, meaning that the mobility support function of handover towards

non-3GPP accesses can be handled by the PDN GW 3 0 as usual. As a result, such

functionality does not need to be provided as part of the L-GW 305 or within the (H)eNB

1304. In addition, it is possible to achieve dynamic control for LIPA/SIPTO handling in the

PDN-GW 10 which is switched on only after the extension tunnel 326 is set p.

[0 ] Accordingly, a need exists for improved method, system and device for

managing L PA connection releases to overcome the problems in the art, such as outlined

above. Further limitations and disadvantages of conventional processes and technologies will

become apparent to one of skill in the art after reviewing the remainder of the present

application with reference to the drawings and detailed description which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[072] The present disclosure may be understood, and its numerous objects, features

and advantages obtained, when the following detailed description is considered in

conjunction with the following drawings, in which:

[073] Figure 1 is a schematic diagram of an example logical architecture for use in a

HNB cell;

[074] Figure 2 is a schematic diagram of an example logical architecture for use in a

HeNB ceil in which the network includes a dedicated He B GW;

[075] Figure 3 is a schematic diagram of another example logical architecture for

use in a HeNB cell in which the network does not include a dedicated HeNB GW;



[076] Figure 4 is a schematic diagram of a further example logical architecture for

use in a HeNB cell in which the network includes a HeNB GW for the C-Plane;

[077] Figure 5 is a schematic diagram of an example logical architecture for use in a

HNB cell illustrating Local IP connectivity;

[078] Figure 6 is a . schematic diagram of the example logical architecture for use in a

HeNB cell illustrating Local IP connectivity;

[079] Figure 7 is a schematic diagram of an example logical architecture for

deploying Selected IP Traffic Offload at u-PS;

[080] Figure 8 is a schematic diagram of an example logical architecture for a

proposed extension of non-roaming architecture for 3GPP accesses for SIPTO and LIPA;

[08 ] Figure 9 is a schematic diagram of traffic flows in an HeNB subsystem in

which the UE has at least a LIPA PDN connection;

[082] Figure 10 is a schematic diagram of traffic flows in an HeNB subsystem in

which the UE moves outside of HeBN coverage;

[083] Figure is a signal flow diagram illustrating a LIPA/SIPTO PDN disconnect

procedure implemented as part of a service request procedure where the MME pro vides

bearers for all EPS bears excluding the LIPA/SIPTO bearers;

[084] Figure is a signal flow diagram illustrating a LIPA/SIPTO PDN disconnect

procedure where a circuit switched fall back (CSFB) call causes the MME to send an Initial

UE Context Setup message with zero active PDN connections to implicitly detach the UE

from the network;

[085] Figure 13 is a signal flow diagram illustrating a LIPA/SIPTO PDN disconnect

procedure where a circuit switched fall back (CSFB) call causes the MME to send an HO

Reject message indicating that the PS HO is not possible to implicitly detach the UE from the

network; and

[086] Figure 14 is a . schematic block diagram illustrating exemplary components of

a mobile wireless communications device which may be used with selected embodiments of

the present disclosure.

DETAILED DESCRIPTION

[087] A method, system and device are provided for managing LIPA and/or SIPTO

connection releases when UE moves out of residential/enterprise network coverage in case

service continuity is not supported for the LIPA/SIPTO PDN connection(s). In selected



embodiments where a UE has only one PDN connection which is L PA PD connection,

automatically releasing it when the UE leaves the residential/enterprise network coverage

will cause the UE to be detached from the network as the UE does not have a PDN

connection. To address problems caused by not providing service continuity for

LIPA/8IPTQ PDN connection(s), the PDN connection/PDP context created in the

HeN B Ή Ν Β by the MME/SGSN includes context information related to the U E indicating

whether such connection is a LIPA PDN connection PDN connection or not. In addition,

each UE may be configured to reconnect (or not reconnect) to the PDN corresponding to a

certain APN or service if the PDN connection was disconnected by the network due to

mobility from a H(e)NB (where the UE was connected in LIPA to such PDN) to a target cell

(where LIP A continuity is not provided) n selected embodiments, the UE can be configured

to contain (1) an indication of whether any PDN that was disconnected due to lack of LIPA

service continuity needs to be reconnected, (2) a list of APNs for which the PDN needs to be

reconnected if the PDN that was disconnected due to lack of LIPA service continuity, (3) an

indication of availability of LIPA service continuity, (4) a ist of indicators for PDN

connection with certain characteristics, (5) an indication of whether disconnecting non-LIPA

is allowed if emergency call with insufficient credentials is not allowed, and/or (6) an

indication of whether a UE retains at least two PDN connections with one of the PDN

connections being to either a particular APN or to a default APN.

[088] Various illustrative embodiments of the present disclosure will now be

described in detail with reference to the accompanying figures. While various details are set

forth in the following description, it will be appreciated that the present disclosure may be

practiced without these specific details, and that numerous implementation-specific decisions

may be made to the disclosure described herein to achieve the device designer's specific

goals, such as compliance with process technology or design-related constraints, which wil

vary f om one implementation to another. While such a development effort might be

complex and time-consuming, it would nevertheless be a routine undertaking for those of

ordinary skill in the art. having the benefit of this disclosure. For example, selected aspects

are shown in block diagram and flow chart form, rather than in detail, in order to avoid

limiting or obscuring the present disclosure. In addition, some portions of the detailed

descriptions provided herein are presented in terms of algorithms or operations on data within

a computer memory. Such descriptions and representations are used by those skilled in the



art to describe and convey the substance of their work to others skilled in the art. Various

illustrative embodiments of the present disclosure will now be described in detail below with

reference to the figures.

[089] Ongoing 3GPP discussions have addressed the treatment of LIPA/SIPTO PDN

connection releases associated with UE mobility. In these discussions, there is currently a

preference to not provide service continuity for a LIPA PDN connection if the UE moves out

of the coverage of the residential/enterprise network, and instead to release the LIPA PDN

connection. This preference fo releasing connections is based on a number of factors. First,

there is a concern that lawful Interception will be applied to local IP resource access if the UE

resides in macro (e)NB's coverage and service continuity is maintained. Also, it will be

difficult to establish charging schemes which change as the UE moves from H(e)NB to macro

(e)NB. There may also be authentication complications involved with maintaining service

continuity. Based on these discussions, Release 10 of 3GPP Sl-100316 entitled "Mobility

for Local TP Access (LIPA)" and of 3GPP Sl-100321 entitled "SIPTO requirements common

for macro network and H(e)NB subsystems" specifies that mobility of a LIPA connection to

macro network is not supported, whereas mobility of the LIPA connection between H(e)NBs

in the same residential/enterprise network is supported/required. In addition. Release 10 of

3GPP Sl-100321 entitled "SIPTO requirements common for macro network and H(e)NB

subsystems" specifies that mobility of a SIPTO connection within the macro network shall be

supported, and mobility from IT(e)NB to macro and between H(e)N B may be supported.

[090] In view of the preference against maintaining service continuity for LIPA

connections when the UE leaves the residential/enterprise network coverage, there are a

number of different problems created resulting in unwanted UE disconnections. As

explained more fully below, these release problems have multiple dimensions, including

problems with PS sendees when there is UE mobility in connected mode, problems triggered

by CSFB procedures when there is UE mobility in connected mode and problems with or

without SR when there is UE mobility in idle mode. In discussing these problems,

consideration should be given to LIPA mechanisms which also work for pre-Release 10 UEs

(i.e., UEs that are not aware of LIPA connectivity, such as occurs when the network provides

LIPA connectivity to the UE based on subscription profile or network decision, without the

UE being aware of such decision). For such UEs, NAS signaling and mechanism cannot be

modified in order to resolve the identified problems.



[09 ] For purposes of illustrating the UE disconnect problem, reference is now made

to Figures 9-10 which schematically illustrate the release of a LIPA PDN connection as the

UE moves outside the e b enterprise network coverage, where the term "PDN connection"

refers both to a PDN Connection involving a HeNB and a PDP Context involving a HNB

unless explicitly indicated. In particular, Figure 9 is a schematic diagram of traffic flows in

an HeNB subsystem 1400 in which the UE 1416 has a LIPA/SIPTO PDN connection 1430

and a core network (CN) PDN connection 4 2. With the LIPA/SIPTO PDN connection

1430 established, user plane traffic for LIPA and S PTO does not go through the core

network connection 1432. Instead, the traffic goes from UE 1416 through the Local eNB

1422, Local S-GW 1424, and Local P-GW 1426, which are illustrated to all be collocated in

HeNB 1420, as indicated with line 1430. If the UE 1416 has an additional, non-L A, non-

S PTO PDN connection, the traffic goes through the HeNB-GW 1410, S-GW 1408, and P-

GW 1406 to the core PDN 1404 as indicated with line 1432, Since the second PDN

connection 1432 can be released at any time (e.g., due to pre-defined policy or UE

configuration), there a e times when the UE 1416 has only one PDN connection when

connected to the H(e)NB 1420, and such PDN connection is a LIPA PD connection 1430.

[092] To illustrate the UE disconnect problem, reference is now made to Figure 0

which depicts a schematic diagram of traffic flows in an HeNB subsystem 1500 in which the

UE 1416 moves outside of HeB coverage when it has only a LIPA PDN connection. In this

case, the reference to moving "outside the H(e)NB" indicates both case of the UE moving

from a H(e)NB cell to macro cell coverage, and the case of the UE moving between H(e)NB

cells for which LIPA PDN continuity is not supported (e.g. H(e)NBs with different CSGs). It

may be that LIPA PDN continuity is not supported between any H(e)NB ce l. Thus, Figure

10 illustrates that the UE 1416 moves towards a second position 15 6 where there is macro

coverage, though the UE 1416 could also move to another H(e)NB for which LIPA PDN

continuity is not supported. As soon as the MME 1414 detects that the UE is not connected

to the H(e)NB 1420 (e.g. the UE has moved to a different ce l where LIPA continuity is not

supported), the MME 1414 releases the LIPA PDN connection 1430 since there is no

requirement of maintaining LIPA PDN connectivity. As a result, there is no PDN connection

for the UE 1516. As described more fully below, the MME 1414 can detect that the UE 1516

is out of coverage of the H(e)NB 1420 based on a variety of detection mechanisms, such as



when the UE 15 6 performs a Tracking Area Update (TAU) or Routing Area. Update (RAU)

from a different cell, or when the UE 1516 responds to paging from a different cell, etc.

[093] In E-UTRAN, a UE has to maintain at least one PDN connection for the UE to

be considered attached to the network. If there is no PDN connection, the UE is detached

from the network. Figure 0 shows how the disconnect problem arises when a UE 1416 has

only a single, active L PA PDN connection 1430, and the MME 1414 releases the LIPA PDN

connection 1430 upon detecting that the UE 1416 has moved to a new position which is not

connected to the H(e)NB 1420 anymore. When detachment occurs, the UE 1516 may not

know why it is being detached and why the LIPA PDN connection 1430 is being released,

and is then forced to re-attach to the network. This issue applies both for NAS idle mode

mobility and NAS connected mode mobility. As will be appreciated, while the foregoing

discussion refers to LIPA PDN connections, the same challenges apply to a LIPA PDP

Context (in case of HNB) or the SIPTO Local connectivity, unless explicitly indicated. And

though not explicitly shown, it wi l also be appreciated that similar problems arise when UE

mobility is from the H(e)NB 1420 towards GERAN/UTRAN (i.e. involving a SGSN), in

which case the active PDP context (corresponding to the LIPA connection) needs to be

deactivated, even if the UE does not need to be detached.

[094] n this framework, a number of problem cases associated with LIPA

connection releases are identified and discussed in relation to Figure 10 more fully below. In

addition, solutions for managing the various connection release problems are identified and

discussed as set forth below.

[095] Mobility In Connected Mode There a number of problem cases that arise in

the case of an active handover where the UE has NAS connected mode mobility.

[096] In an example problem case, a connected mode UE 1416 has a LIPA PDN

connection or SIPTO connectivity/SIPTO PDN connection 1430. As the connected mode UE

1416 moves out of the HeNB coverage 1420 (which is directly connected to the

residential/enterprise network 1402) to a second position 1516 at a target E-UTRAN cell

(e.g., eNB cell 4 2 or another HeNB cell for which LIPA continuity is not supported), the

source HeNB 1420 makes a decision to handover (HO) the UE to the target cell 1412 based

on the measurement reports from the UE 1516. The HeNB 1420 sends a HO REQUIRED

message to the MME 1414. As t e HO REQUIRED message contains a Target ID, the MME

1414 determines that LIPA/SIPTO service shall not be continued at the target cell 1412 (e.g.



based on the fact that the target cell is a macro cell or a H(e)NB in a different CSG). Based

on this determination, the MME 1414 releases the LIPA/SIPTO PDN connection 1430, but

the existing specifications do not specify how the MME 4 4 handles the LIPA/SIPTO PDN

connection release

[097] n another problem case, a connected mode UE 4 6 is handed over from

HeNB 1420 to a GERAN/UTRAN cell (not shown) for which LIPA PDN continuity shall not

be supported. An example would occur when a UE 4 6 having only a LIPA PDN

connection 1430 performs an IRAT HO towards GERAN/UTRAN where LIPA continuity is

not supported. In this case, the UE may become detached from the network or without PDP

contexts if the LIPA PDN connection is released, but the existing specifications do not

specify how to handle the IRAT HO. Also, if the UE 1416 has other PDN connections in

addition to the LIPA PDN connection 1430 in the source cell, the LIPA PDN connection

1430 needs to be disconnected during this IRAT HO. The context information between

network (SGSN) and UE containing information on the active PDN connections/PDP

contexts might be out of synch for a while until a new RAU is performed by the UE and the

context is synchronized between the UE and the SGSN. In cases where the context is out of

synch, the UE incorrectly considers the PDP context corresponding to the LIPA connection

still active.

[098] n another problem case, a connected mode UE 4 6 moves from HNB cell or

coverage (not shown) to a target (e.g. GERAN/UTRAN) cell for which LIPA PDN continuity

is not provided. An example would occur when UE is in HNB coverage and it has

LIPA/SIPTO PDP context. If service continuity is not supported, the PDP context will be

released when the SGSN detect that the UE moved out of HNB 's coverage. However, the

context information between network (SGSN) and UE containing information on the active

PDN connections/PDP contexts might be out of synch for a while until a new RAU is

performed and the context is synchronized between the UE and the SGSN . Due to the out-of-

sync context, the UE in the meanwhile considers the PDP context corresponding to the LIPA

connection still active.

[099] Mobility for NAS-Idle UE There a number of problem cases that arise when

the LIPA connection is disconnected during id e mode mobility and the UE enters NAS

connected mode after performing idle mobility outside the H(e)NB.



[0 00] In a first problem case, the UE 14 6 moves from a HeNB cell coverage 1420

to a second position 15 6 at a target cell 1412 (e.g., an eNB or an HeNB cell) for which

continuity shall not be provided. After moving to the target cell, the UE 15 6 may perform a

SERVICE REQUEST in a target (e.g., an E-UTRA) cell which is not directly connected to

the residential/enterprise network. On receiving SERVICE REQUEST (SR) from the UE via

the target cell, the MME 1414 determines it cannot service the SR and needs to release the

LIPA PDN connectivity 1430. The MME 1414 releases the LIPA PDN connectivity 1430 by

rejecting the service request and disconnecting the LIPA PDN connectivity if the UE has

other active PDN connections. On the other hand, if the UE has only LIPA PDN connection

before it enters ECM-IDLE mode, a release of the LIPA PDN connection results in UE not

having any active PDN connections left, resulting in the UE being detached from the network

by the MME without the UE being correctly informed since the current specifications do not

require that the MME indicate why the UE is being detached.

[0101] In another problem case, the UE 141 6 moves from a HeNB 420 to

GERAN/UTRAN (not shown). In this case, the IDLE mode UE performs Tracking Area

Update (TAU) in an E-UTRAN cell where LIPA service continuity is not provided. In

particular, the UE will perform TAU in IDLE mode when (1) the UE enters into a new

'Tracking Area (TA) that is not in the list of TAIs th at the UE obtained from the MME at the

ast registration (attach or TAU); and (2) the periodic TA update timer has expired. If the

target cell is not directly connected to the residential/enterprise network when the UE

performs the TAU, the MME needs to disconnect the active LIPA PDN connection, but the

current specifications do not specify how the MME behaves in the presence of LIPA

connections since the MME needs to release such PDN connections.

[0102] In another problem case, the UE moves from a HNB to GERAN/UTRAN. In

this case, the IDLE mode UE (which has at least one LIPA PDN connection through HeNB)

performs a Routing Area Update. In particular, the UE performs RAU when the UE enters

into a ne Routing Area (RA), and when the RAU timer expires. The new SGSN sends a

CONTEXT REQUEST message to the old MME during the RAU, and the MME responds

with a CONTEXT RESPONSE message. Upon determining that the UE has moved to a cell

for which LIPA PDN continuity cannot be supported, the network disconnects the LIPA

connection, but the current specifications do not specify whether the MME or SGSN shall

trigger the disconnection and how.



[0103] Delay In Discovery Loss of Connectivity in Active Idle Mobility There are a

number of problem cases that arise from idle mode mobility when there is a delay in

discovering that connectivity has been lost, with or without Idle mode Signaling Reduction

(ISR).

[0104] In an example problem case, the UE 4 6 moves between a HeNB 1420 and

an eNB 1412, or between a HNB and macro GERAN/UTRAN, or between HeNBs

(respectively HNBs) belonging to different CSGs and for which LIPA continuity shall not be

provided. If the UE moves in idle mode within the Routing Area (RA)/Tracking Area (TA),

the UE does not perform NAS signaling to register its location with the network. If there is a

significant delay before the UE performs a y NAS signaling or the UE transmits data, the UE

does not realize it has lost connectivity, which can be a problem, such as for push services

when the data to be delivered to the UE cannot be delivered

[0105] In another problem case, the UE moves from a HeNB to a GERAN/UTRAN

cell where ISR is active. When idle mobility is performed by the UE from the HYejNB to a

cell for which L PA PDN connectivity shall not be supported and ISR is active and the UE

moves within the ISR area, the UE does not perform NAS signaling to register its location

with the network, and therefore it may be a long time before the UE performs any NAS

signaling (unless it needs to transmit data) and before the UE realizes it has lost connectivity.

Such loss of connectivity can be a problem for push services since the data to be delivered to

the UE cannot be delivered. In addition, if the UE was using a push-service that used the

LIPA PDN connection or was using the defaul t bearer of the LIPA PDN connection to

transport the data to the UE, the UE will not be able to receive any pushed data until it

realizes it has been disconnected and until it has performed recovery action, such as re

attaching. Since a RAU (that will synchronize the UE and the SGSN contexts) or keep alive

mechanisms of the push-service may happen long after idle mode mobility, the UE will not

receive any data pushed f om the pus -service, whereas if the UE had been informed of the

disconnection of the LIPA PDN, it could have reconnected to the push service as appropriate

from the target cell with a new PDP context.

[0106] Delay n Discovery Loss of Connectivity in Active Mode Mobility There a

number of problem cases that arise from active mode mobility when there is a delay in

discovering that connectivity has been lost.



[0107] In an example problem case , the UE in connected mode moves f om HeNB to

GERAN/UTRAN when ISR is active, resulting in a delay in discovery of loss of

connectivity. This problem exists if a UE tha performed the inter-RAT HO and finds itself

without RABs for a given PDP context is allowed to stil consider the PDP context active.

When handover is performed by a UE that is active for a non-LlPA PDN from the H(e)NB

cell coverage to a target (e.g., GERAN/UTRAN) cell wherein LIPA PDN connectivity is not

supported, the PDP context corresponding to the LIPA PDN connection is disconnected.

When ISR is active, the UE will not perform the RAU at the end of the handover if the

handover is towards a RA in the ISR area. However, unless the UE is informed immediately,

the UE may believe the PDP context corresponding to the LIPA PDN is still connected since,

even if there are no RABs active for such connection, the UE still believes the PDP context is

active. If the UE was using some push-service over the LIPA PDN connection, the UE will

not be able to receive any pushed data until it realizes it has been disconnected. Also, since a

RAU (that wil synchronize the UE and the SGSN contexts) or keep alive mechanisms of the

push-service may happen after a long-while from the handover, the UE will ose any data

pushed from the push-service, whereas if the UE had been informed of the disconnection of

the LIPA PDN, it could have reconnected to the push service as appropriate from the target

cell with a new PDP context.

[0108] In another problem case, the UE in connected mode moves from HNB ceil

coverage to macro (e.g. GERAN/UTRAN) cell coverage, resulting in delay in discovery of

loss of connectivity. f the UE performs handover from ΓΝ Β to a target GERAN/UTRAN

cell wherein LIPA PDN connectivity is not supported, the PDP context is disconnected.

However, the UE may not perform a RAU as part of the handover, in which case the UE and

the SGSN are not synchronized with respect to the active PDP context information.

[0109] Delay In Disconnection For dle Mode MobilityTherc is a timing-related

problem which is orthogonal to the other problem cases, and the solution may benefit both

idle mode mobility and active mode mobility. In this case, when the UE 1416 moves outside

the coverage of the H(e )NB 1420, the LIPA connection is released upon detection, and then

re-established when the UE 1416 moves back within the coverage of the H(e)NB 1420.

However, there may be situations where the UE 14 6 may return to the H(e)NB 1420 soon,

or may keep moving back and forth between the H(e)NB 1420 and the macro coverage. In

these scenarios, the LIPA connection will be established and released repeatedly, resulting in



significant signaling overhead. As a result, it may be desirable to delay the release of the

LIPA connection when the UE 1416 moves outside the coverage of the H(e)NB 1420 in order

to optimize the scenario where the UE 1416 returns to the H(e)NB 1420 relatively quickly.

[0 0] Handover to GERAN/UTRAN triggered by Circuit Switched FallbackThere a

number of problem cases that arise when a . UE connected to a HeNB can be combined

attached for CSFB services, such as when handover to GERAN/UTRAN is triggered by

CSFB.

[01 11] In an example problem case, the UE can have a . LIPA PDN connection and

zero or more non-LIPA PDN connections through the core network. When the CSFB is

triggered for Mobile Originated (MO) or Mobile Terminated (MT) services, a PS HO of the

data bearers may be triggered by the HeNB and is allowable by the network because the

target ceil supports DTM and the PS HO as part of the CSFB procedure. In this case, the

network hands over the non-LIPA PDN connections and disconnects the LIPA PDN

connections or, if there are only LIPA PDN connections, the MME rejects the PS HO. If the

MME rejects the PS HO, CSFB for either MO o MT will consequently fail In case the PS

HO is possible, but the UE or network fails to support DTM, then upon initiating conditions,

the GERAN PS bearers will be suspended. If the target cell is a GERAN cell and DTM is not

supported in the target cell, the UE wil suspend the PS bearers (including the ones

corresponding to the LIPA PDN connection). Once the CS sendee that triggered the CS

tailback is terminated, the UE may move back to E-UTRAN and resume the PS bearers, or

may stay in GERAN and resume the PS bearers. If the UE moves back to the original

H(e)NB, then the LIPA PDN connection can be resumed based on current CSFB and EPS

mechanisms. For example, when the UE performs NAS signaling towards the MME (e.g.,

with a Service Request or TAU), the MME resumes the suspended bearers.

[0 2] In another problem case, the UE can have a LIPA PDN connection and zero or

more non-LIPA PDN connections through the core network. When the CSFB is triggered for

MO or MT services, a PS HO of the data bearers may not be performed. If the PS HO is not

performed as part of the fallback procedure and the UE has suspended the PS bearers, and if

the UE moves back to E-UTRAN, then the UE performs NAS signaling (e.g., Service

Request or TAU) to the MME. The UE might move back to a target E-UTRAN ceil which is

different from the original HeNB cell. Such target E-UTRAN cell can be a macro cell or a

HeNB with a different CSG ID. Assuming that sendee continuity (i.e., mobility) for a LIPA



PPDDNN ccoonnnneeccttiioonn iiss nnoott aalllloowweedd bbeettwweeeenn tthhee oorriiggiinnaall HHeeNNBB ((ii..ee..,, wwhheerree tthhee LLIIPPAA PPDDNN

ccoonnnneeccttiioonn wwaass ccrreeaatteedd)) aanndd tthhee ttaarrggeett HHeeNNBB,, tthheenn tthhee MMMMEE eennssuurreess tthhaatt tthhee LLIIPPAA PPDDNN

ccoonnnneeccttiioonn iiss ddiissccoonnnneecctteedd.. AAllssoo,, iiff tthhee ttaarrggeett EE--UUTTRRAANN cceellll iiss aa mmaaccrroo cceellll,, tthheenn tthhee MMMMEE

eennssuurreess tthhaatt tthhee LLIIPPAA PPDDNN ccoonnnneeccttiioonn iiss ddiissccoonnnneecctteedd..

[[ 00 33 ]] MMaaiinnttaaiinniinngg LLIIPPAA PPDDNN CCoonnnneeccttiivviittyy IInn FFuuttuurree NNeettwwoorrkkssllnn ppoosstt rreelleeaassee 1100

nneettwwoorrkkss,, LLIIPPAA ccoonnttiinnuuiittyy wwiillll bbee eennaabblleedd,, ssoo tthheerree wwiillll bbee pprroobblleemmss aassssoocciiaatteedd wwiitthh

mmaaiinnttaaiinniinngg LLIIPP PPDDNN ccoonnnneeccttiivviittyy.. IInn ssuucchh ffuuttuurree ccaasseess,, aa UUEE wwiillll nneeeedd ttoo kknnooww wwhheetthheerr iitt

iiss ccoonnnneeccttiinngg ttoo aa nneettwwoorrkk tthhaatt ssuuppppoorrttss LLIIPPAA ccoonnttiinnuuiittyy oorr nnoott.. TThheerreeffoorree,, aa UUEE ccaannnnoott

kknnooww wwhheetthheerr,, uuppoonn mmoovviinngg oouuttssiiddee tthhee ccoovveerraaggee ooff aa HH((ee))NNBB,, sseessssiioonn ccoonnttiinnuuiittyy iiss

pprroovviiddeedd oorr nnoott..

[[ 00 44 ]] I nn vviieeww ooff tthhee ffoorreeggooiinngg pprroobblleemm ccaasseess aassssoocciiaatteedd wwiitthh LLIIPPAA ccoonnnneeccttiioonn

rreelleeaasseess,, tthheerree aarree ddeessccriribbeedd aanndd ddiisscclloosseedd hheerreeiinn aa nnuummbbeerr ooff ssoolluuttiioonnss tthhaatt mmaayy bbee aapppplliieedd

ttoo mmaannaaggee tthhee iiddeennttiiffiieedd ccoonnnneeccttiioonn rreelleeaassee pprroobblleemmss.. FFoorr eexxaammppllee,, MMMMEE--iinniittiiaatteedd PPDDNN

ccoonnnneeccttiioonn rreelleeaassee pprroocceedduurreess mmaayy bbee ccoommbbiinneedd wwiitthh hhaannddoovveerr pprroocceedduurreess ffoorr rreelleeaassiinngg aa

PPDDNN ccoonnnneeccttiioonn wwhheenn tthhee UUEE mmoovveess oouuttssiiddee tthhee ccoovveerraaggee ooff tthhee HH((ee))NNBB iinn mmoosstt ccaasseess ((aanndd

ssiimmiillaarrllyy tthhee SSGGSSNN--iinniiiiiiaatteedd PPDDPP ccoonntteexxtt ddeeaaccttiivvaattiioonn pprroocceedduurree)).. HHoowweevveerr,, tthheerree aarree ootthheerr

ssoolluuttiioonnss ddiisscclloosseedd hheerreeiinnbbeellooww wwhheerreeiinn ,, uuppoonn ccrreeaattiioonn ooff aa PPDDNN ccoonnnneeccttiioonn//PPDDPP ccoonntteexxtt iinn

aa HHeeNNBB//HHNNBB,, tthhee MMMMEE//SSGGSSNN ssttoorreess iinn tthhee ccoonntteexxtt iinnffoorrmmaattiioonn rreellaatteedd ttoo tthhee UUEE aann

iinnddiiccaattiioonn ooff wwhheetthheerr ssuucchh ccoonnnneeccttiioonn iiss aa LLIIPPAA PPDDNN ccoonnnneeccttiioonn PPDDNN ccoonnnneeccttiioonn oorr nnoott.. IInn

aaddddiittiioonn,, tthhee ssoolluuttiioonnss iinncclluuddee ccoonnfifigguuririnngg tthhee UUEE ((ee..gg.. bbyy tthhee ooppeerraattoorr oorr tthhee uusseerr)) oonn

wwhheetthheerr ttoo rreeccoonnnneecctt tthhee PPDDNN ccoorrrreessppoonnddiinngg ttoo aa cceerrttaaiinn AAPPNN oorr sseerrvviiccee iiff,, dduuee ttoo mmoobbiilliittyy

ffrroomm aa HH((ee))NNBB wwhheerree tthhee UUEE wwaass ccoonnnneecctteedd iinn LLIIPPAA ttoo ssuucchh PPDDNN ttoo aa ttaarrggeett cceellll ffoorr wwhhiicchh

LLIIPPAA ccoonnttiinnuuiittyy iiss nnoott pprroovviiddeedd,, ssuucchh PPDDNN ccoonnnneeccttiioonn wwaass ddiissccoonnnneecctteedd bbyy tthhee nneettwwoorrkk..

AAlltteerrnnaattiivveellyy,, tthhee UUEE mmaayy bbee ccoonnfifigguurreedd ttoo nnoott rreeccoonnnneecctt tthhee PPDDNN tthhaatt wwaass ddiissccoonnnneecctteedd dduuee

ttoo UUEE mmoobbiilliittyy..

[ 0 6 ] I n selected embodiments, the operator configures the U E using a n OMA D M

management object (MO) t o contain a n indication o f whether any PDN that was disconnected

due t o lack o f LIPA service continuity needs t o b e reconnected. The U E may also b e

configured t o contain a list o f APNs for which the PDN needs t o b e reconnected i f the PDN

that was disconnected due t o lack o f LIPA sendee continuity. I n other embodiments, the U E

i s configure t o contain a n indication o f availability o f LIPA sendee continuity (i.e., only



between CSG cells for which the UE is a member of the CSG or if not roaming or if mobility

to macro occurs or if mobility to macro occurs + open CSG cells occurs). By default, this

indication ca be set to some value, e.g. to no L PA sendee continuity available. The UE

may also be configured to contain a list of indicators for a PDN connection with certain

characteristics (i.e., an indication the PDN connection can be used for IMS or an indication

requesting to receive P-CSCFs in the response message from the network). A configured UE

may also contain an indication of whether disconnecting non-L P is allowed if emergency

call with insufficient credentials is not allowed, and/or an indication of whether a UE retains

at least two PDN connections where one of the PDN connections is to either a particular APN

or to a default APN (known to terminate by a non PGW) when not in PS mode 2 of

operations.

[0 7] In selected embodiments, when the UE activates a LIPA PDN connection, the

MME stores the pair of CSG ID and the APN for the LIPA PDN connection where a LIPA

PDN connection is activated at the CSG ID cell. In other embodiments, when the UE

activates a LIPA PDP context, the SGSN stores the pai of CSG ID and the APN for the

LIPA PDP context where the LIPA PDP context is activated at the CSG ID cell. In some

embodiments, the UE activating a LIPA PDN connection or the UE activating a LIPA PDP

context includes the UE sending a PDN connection request to the MME or the MME

receiving a PDN connection request from the UE or the UE sending an attach request to the

MME or the MME receiving an attach request from the UE or the UE sending a PDP context

request to the SGSN or the SGSN receiving a PDP context request from the UE.

[0 ] As used herein, a LIPA PDN connection is a PDN Connection that the MME

authorizes for connectivity to a PDN GW for a UE connected to a HeNB based on a request

from the UE for LIPA connectivity and based on the CSG ID of the HeNB. Alternatively, a

LIPA PDN Connection is a PDN Connection which was activated by the UE requesting LIPA

connectivity type "LIPA" and the MME informing the UE of the connectivity type provided.

[01 9] In this solution, the TAU procedure is always initiated by the UE and is used

for a number of purposes, including synchronizing the UE EPS bearer context with the MME

EPS bearer context for UE mobility where the source cell is a CSG cell and the target cel is

not a CSG ceil, when the UE has at least one LIPA PDN connection. The TAU procedure is

also used to synchronize the UE EPS bearer context with the MME EPS bearer context for

UE mobility where the source cell is a CSG cell and the target cell is a CSG cell, and where



the target cell's CSG-XD is not the source cell's CSG-ID, when the UE has at least one L1PA

PD connection.

[01 0]Embodiments: MME releases LIPA/SIPTO PDN connections before sending

Initial Context Setup Request messageln accordance with selected embodiments, another

solution is described with reference to Figure , and addresses the case of NAS idle mode

mobility where the UE enters MAS connected mode after performing idle mobility outside

the H(e)NB. In this solution, if a UE 02 sends a Service Request (SR) to the MME 806

from a ceil for which LIPA/SIPTO sendee continuity is not provided for a L PA PDN

connection previously established in a HeNB, the MME 1806 releases LIPA/SIPTO PDN

connections before sending an Initial Context Setup Request message to the target eNB 1804.

[0121]The applied assumptions in this case are that (1) the UE had a PDN connection

that goes through the core network as well as LIPA PDN connection before it enters into

IDLE mode, (2) Service Continuity for the LIPA and SIPTO local is not supported, (3) the

UE is in ECM-IDLE mode before the UE sends SERVICE REQUEST, and (4) MME

relocation is not involved.

n operation, a UE 1802 sends a Service Request (signal flow 18-1) to the

MME 1806 from a cell which does not provide LIPA/SIPTO service continuity for a

previously established LIPA PDN connection in a HeNB. Upon receiving SR from the UE

1802, MME 1806 discovers that the UE 1802 is connected to a ce l to which LIPA/SIPTO

service continuity is not provided. Before the MME 06 sends an Initial Context Setup

Request message to the target eNB 1804 (signal flow 18-3), the service request is treated at

the MME 1806 (signal flow 18-2) by providing bearers for all the EPS bearers excluding the

LIPA bearers if there are PDN connections that are not LIPA PDN connections. The rest of

procedure (signal flows -4 through 8-9) follows UE-initiated Service Request procedures.

[0123]Embodiments: Selected CSFB with PS HO Another solution is described that

addresses the case of handovers to GERAN/UTRAN that are triggered by CS Fallback with

PS HO. In this network-based solution, the MME performs the handover preparation and

execution during the CSFB procedure only for the non-LIPA PDN connections.

[0 24] In operation, if the UE has one or more active PDN connections in addition to

one or more LIPA PDN connections , then pursuant to triggering the PS HO to

GERAN/UTRAN during the CSFB procedure, the MME performs handover preparation and

execution only for the non-LIPA PDN connections and the MME requests RAB allocation in



the target system only for the non-LIPA connections or for all the PDN connections

excluding the LIPA PDN connection or by not requesting RAB allocation in the target system

for LIPA PDN connections. After the UE is redirected to GERAN/UTRAN, the MME

releases the LIPA PDN connections. In another embodiment, pursuant to triggering the

handover the MME starts a timer T O. The MME releases the LIPA PDN connections when

the timer T O expires and the UE has not performed the CSFB procedures for returning to E-

U'T'RAN.

[0125]Embodiments: CSFB with no PS HO for GERAN with no DIM target cell and

UE resumes PS traffic in E-UTRANIn accordance with selected embodiments, additional

solutions are provided to address the case of CSFB with no PS HO where the UE resumes PS

traffic in HeNB, and addresses the hysteresis with delay disconnection of LIPA connections.

In this network-based solution, the MME disconnects the LIPA PDN connections after the

CS service has terminated only if the UE returns to E-UTRAN, to a macro target cell, or a

different HeNB for which LIPA PDN continuity shall not be supported. In these

embodiments, there is no DTM target cell and the LIE resume PS traffic in E-UTRAN.

[ 6] In a first embodiment, the solution applies to a UE thai performs CSFB

procedures and moves to a target GERAN network or cell that does not support dual transfer

mode (DTM), or to a UE that does not support DTM. In this case, the MME disconnects the

LIPA PDN connections only if the UE performs the CSFB procedures for returning to E-

UTRAN and returns to a E-UTRAN cell that is not a CSG ceil or to a E-UTRAN CSG cell

for which LIPA PDN continuity is not supported (such as a E-UTRAN CSG cell with a CSG

ID different f om the CSG ceil where the LIPA PDN connections were created). In this

solution, pursuant to the UE triggering CSFB procedures and the PS Handover not being

supported or the target network or target cell being a GERAN network or cell that does not

support DTM or the UE not supporting DTM, the MME stores the CSG ID of the E-UTRAN

cell where the UE triggers the CSFB procedure. The MME maintains such information until

the UE returns to E-UTRAN or the UE resumes the PS bearers in GERAN/UTRAN.

[0 27]On the other hand, if the UE sends NAS signaling to the MME in order to

resume the service in E-UTRAN according to current CSFB procedures, then the MME

verifies if the UE is resuming the sendees from a ceil with the same CSG ID that the MME

stored upon the UE executing the fallback procedure. If services are being resumed from a

cell with a different CSG ID or services are resumed from a non-CSG cell or a cell without a



CSG ID, then the MME disconnects the L PA PDN connections. Otherwise, the MME does

nothing.

[0128]In another embodiment , the MME starts a timer T when the UE suspends the

bearer during the fallback procedure. Pursuant to the timer T expiring, if the UE has not

performed the CSFB procedures for returning to -UTRAN or the PS bearers are still

suspended, then the MME disconnects the LIPA PDN connections.

[0 29] I this solution, pursuant to the UE triggering CSFB procedures and the PS

Handover not being supported or the target network or target cell being a GERAN network or

cell that does not support DTM or the UE not supporting DTM, the MME starts a timer T-P2

and the MME stores the CSG ID of the E-UTRAN cell where the UE triggers the CSFB

procedure. The MME maintains the CSG ID information until the UE returns to E-UTRAN

or the UE resumes the PS bearers in GERAN/UTRAN. Pursuant to the timer T P2 expiring,

if the UE has not performed the CSFB procedures for returning to E-UTRAN or the PS

bearers are still suspended, then the MME disconnects the LIPA PDN connections. In

addition, if the UE sends NAS signaling to the MME in order to resume the sendee in E-

UTRAN according to current CSFB procedures before the timer T P2 expires, then the MME

resets the time and the MME verifies if the UE is resuming the services from a cell with the

same CSG ID that the MME stored upon the UE executing the fallback procedure. If

sendees are being resumed from a . cell with a . different CSG ID or services are resumed from

a non-CSG cell or a cell without a CSG ID, then the MME disconnects the LIPA PDN

connections. Otherwise, the MME does nothing

[0130]Embodiments: CSFB with no PS HO and UE resumes PS traffic in

GERAN/UTRANIn accordance with selected embodiments, additional solutions are provided

to address the case of handovers to GERAN/UTRAN triggered by CS Fallback without PS

HO where the UE resumes PS traffic in GERAN/UTRAN. In this solution, the UE performs

NAS signaling over GERAN/UTRAN to resume the suspended PS bearers.

[0131]In operation, the MME responds to the received CONTEXT REQUEST

message from the new SGSN by sending a CONTEXT RESPONSE message. When the

MME sends CONTEXT RESPONSE to the target SGSN, the MME omits the information

regarding L1PA/SIPTO PDN connection(s) so that the target SGSN does not create a PDP

context for the corresponding LIPA PDN connection. However, the solution is triggered by



the LIE performing NAS signaling o e GERAN/UTRAN to resume the suspended PS

bearers.

[0132]Embodiments: Handover to GERAN/UTRAN triggered by CS Fallbackln

accordance with selected embodiments, additional solutions are described with reference to

Figure 12, and address the case of handovers to GERAN/UTRAN triggered by CS Fallback

when there is no PS HO and there is a mobile terminated call. n operation, a UE 2 02 that

has only LIPA PDN connections active triggers the PS HO to GERAN/UTRAN during the

CSFB procedure. n response, the MME 2108 decides that no PS HO shall be performed for

the PS bearers, based on the fact that the target cell is GERAN/UTRAN and that the UE has

only LIPA PDN connections. After the UE 2102 is redirected to GERAN/UTRAN, the

MME 2 08 keeps the UE context information until UE performs RAU.

[0133]As described below, a second example embodiment differs from the first one in

terms of when the MME initiated the cell reselection procedure. The second example

embodiment covers in addition the general case of inter-RAT handover.

[0 34] n a selected embodiment, the UE 2 02 has only LIPA/SXPTQ PDN

connections. When the HO from the HeNB 2104 to GERAN/UTRAN is triggered due to

CSFB, Initial UE Context Setup Request from MME 2108 to HeNB 2104 indicates that the

PS HO is not available. HeNB 2104 informs the UE 2102 to move into the target

GERAN/UTRAN cell, either by using Network Assisted Cell Change or by triggering RRC

signaling connection release with redirection to GERAN/UTRAN.

[0 35]At signal flow 21-1, the MME 2108 receives a Paging Request (IMSI, VLR

TMSL Location Information) message from the MSG 2 2 ove a SGs interface. The MME

2 08 then pages the UE in all the TAs.

[0136]At signal flow 21-2, the MME 2108 sends a Paging message to each eNodeB.

The Paging message includes a suitable UE Identity (i.e. S-TMSI or IMS!) and a CN Domain

Indicator that indicates which domain (CS or PS) initiated the paging message. In this case it

shall be set to "CS" by the MME.

[0 37] At signal flow 2 1-3, the radio resource part of the paging procedure takes place

whereby the eNodeB 2104 sends the paging message to the UE 2102. The message contains

a suitable UE Identity (i.e. S-TMSI or IMSI) and a CN Domain indicator.

[0138]At signal flow 21-4, the UE 2102 establishes an RRC connection and sends an

Extended Service Request (CS Fallback Indicator) to MME 2108. The UE 2102 indicates its



S-TMSI in the RRC signaling. The Extended Service Request message is encapsulated in

RRC and Sl-AP messages. The CS Fallback Indicator indicates to the MME tha CS

Fallback for this UE should be performed. Irs case of Mobile Originated (MO) CSFB, signal

flow 21-1 through 21-3 are not performed.

[0139]At signal flow 21-5, the MME 2 08 sends the SGs Service Request message to

the MSC 2 2 containing an indication that the UE 2102 was in idle mode (and hence, for

example, that the UE has not received any Calling Line Identification information). Receipt

of the SGs Service Request message stops the MSC 2 from retransmitting the SGs

interface Paging message.

[0140]At signal flow 21-6, the MME 2108 sends Sl-AP: Initial UE Context Setup

(UE capabilities, CS Fallback Indicator and other parameters) to notify eNodeB to move the

UE 2102 to UTRAN/GERAN. The MME 2108 determines that PS HO cannot be performed

based on the fact that the UE has only L A PDN connections and the LIPA service

continuity is not supported and indicates in this message that PS HO is not available for the

UE 2102. The eNB shall reply with Sl-AP: Initial UE Context Setup Response message (not

shown). As HeNB 2104 determines that PS HO is not available, the HeNB 2104 performs

either signal flow 2 -7a or 1-7b instead of sending HO REQUIRED message to the MME

2108.

[0141 ]In signal flow 1-7a, if the target cell is GERAN, the HeNB 2104 can trigger

an inter-RAT cell change order (optionally with Network Assisted Cell Change (NACC)) to a

GERAN neighbor cell by sending an RRC message to the UE 2102. The inter-RAT cell

change order may contain a . CS Fallback Indicator which indicates to UE 2102 that the cell

change order is triggered due to a CS fallback request.

[0142]Tn signal flow 2 -7b, the HeNB 2 04 can trigger RRC connection release with

redirection to GERAN or UTRAN instead of PS HO or NACC. If the UE 2102 and network

support "RRC connection release with redirection and Multi Cell System Information to

GERAN/UTRAN", the HeNB 2104 can trigger RRC connection release with redirection to

GERAN or UTRAN and include one or more physical cell identities and their associated

System Information.

[0143]At signal flow 21-8, the UE establishes the RRC connection and then performs

the rest of procedure for CSFB which may include RAU. As it is possible that the target

SGSN 2 110 sends CONTEXT REQUEST message to the source MME 08 as a part of



KAU procedure, the MME 2108 does not release the context information of the UE 2102

until it receives the CONTEXT REQUEST message. On receiving the CONTEXT

REQUEST message, the MME 2108 returns CONTEXT RESPONSE with zero active PDN

connections and implicitly detaches the UE 2102 from the network.

[0 44] n accordance with selected embodiments, additional solutions are described

with reference to Figure 3 for the case where the UE 2202 has only LIPA/SiPTO PDN

connections. In this procedure signal flows 22-1 through 22-6 in Figure 3 are similar to

signal flows 21-1 through -6 in Figure 12. However, instead of receiving the information

that PS HO is not available for the U E in the Initial UE Context Setup message, this

information (that PS HO is not available for the UE) is delivered to the HeNB 2204 on the

HO PREPARATION FAILURE message (at signal flow 22-8) after sending the HQ

REQUIRED to the MME 2208 (at signal flow 22-7). The cause value of the HO

PREPARATION FAILURE message will be "PS H O Not Available." Though this solution

may include one more message handshake rounds, this solution can be reused for the case of

IRAT HO due to UE's mobility.

n accordance with selected embodiments, additional solutions are described

for the case of a UE/mobile originating or UE/mobile terminating CSFB call procedure when

PS HO is not supported and where the UE has only LIP PDN connections. This procedure

is illustrated with reference to the signal flow for a CS Call Request in E-UTRAN or Call in

GERAN/UTRAN without PS HO depicted in Figure 6.3-1 of 3GPP TS 23.272. According to

this solution, the UE receives as signal 3b an RRC connection release from the eNodeB with

redirection to GERAN or UTRAN if the HeNB determines that the UE only has LIPA PDN

connections based on the existence of a Correlation Identifier (ID). In this solution, if the

PDN connection is established for LIPA, the SI control message signal b from the MME to

the HeNB includes a Correlation ID per EPS bearer for enabling the direct user plane path

between the HeNB and the L-GW. In Release 10 of the 3GPP specification, the Correlation

ID is set equal to the user plane PDN GW TEID (GTP-based 85) or GRE key (PMIP-based

S5). Thus, the detecting by the HeNB of the Correlation ID in the SI control message from

the MME indicates that the corresponding EPS bearer is for LIPA .



PDN Address

[0146] The purpose of the PDN address information element is to assign an IPv4

address to the UE associated with a packet data network and to provide the UE with an

interface identifier to be used to build the IPv6 link local address. The PDN address

information element is coded as shown in Tables 1 and 2 below.

[0147] Table : PDN address information element

[0 48] As shown above in Table 1, the PDN address is a type 4 information element

with minimum length of 7 octets and a maximum length of 15 octets.

[0149] Table 2 : PDN address information element



address, the IPv4 address shall be coded as 0.0 0.0.

[0150] Referring now to Figure 14, there is shown a schematic block diagram

illustrating exemplary components of a mobile wireless communications device 101 which

may be used with selected embodiments of the present disclosure. The wireless device 10 is

shown with specific components for implementing features described above. It is to be

understood that the wireless device 10 is shown with very specific details for exemplary

purposes only.

[0151] A processing device (e.g., microprocessor 128) is shown schematically as

coupled between a keyboard 4 and a display 127. The microprocessor 28 controls

operation of the display 127, as well as overall operation of the wireless device 101, in

response to actuation of keys on the keyboard 4 by a user.



[0 2] The wireless device 101 has a housing that may be elongated vertically, or

may take on other sizes and shapes (including clamshell housing structures). The keyboard

4 may include a mode selection key, or other hardware or software for switching between

text entry and telephony entry

[0153] n addition to the microprocessor 128, other parts of the wireless device 0 1

are shown schematically. These include a communications subsystem 171; a short-range

communications subsystem 102; the keyboard 114 and the display 7, along with other

input/output devices including a set of LEDs 104, a set of auxiliary I O devices 106, a serial

port 108, a speaker 11 and a microphone 112; as well as memory devices including a flash

memory 1 6 and a Random Access Memory (RAM) 118; and various other device

subsystems 122. The wireless device 101 may have a battery 1 1 to power the active

elements of the wireless device 101. The wireless device 101 is in some embodiments a two-

way radio frequency (RP) communication device having voice and data communication

capabilities. In addition, the wireless device 101 in some embodiments has the capability to

communicate with other computer systems via the Internet

[0154] Operating system software executed by the microprocessor 128 is in some

embodiments stored in a persistent store, such as the flash memory 116, but may be stored in

other types of memory devices, such as a read only memory (ROM) or similar storage

element. In addition, system software, specific device applications, or parts thereof, may be

temporarily loaded into a volatile store, such as the RAM 8. Communication signals

received by the wireless device 101 may also be stored to the RAM 118.

[0155] The microprocessor 128, in addition to its operating system functions, enables

execution of software applications on the wireless device 101. A predetermined set of

software applications that control basic device operations, such as a voice communications

module 131A and a data communications module 13 IB, may be installed on the wireless

device 10 during manufacture. In addition, a personal information manager (PIM)

application module 13 C may also be installed on the wireless device 101 during

manufacture. The PIM application is in some embodiments capable of organizing and

managing data items, such as e-mail, calendar events, voice mails, appointments, and task

items. The PIM application is also in some embodiments capable of sending and receiving

data items via a wireless network 1 3 In some embodiments, the data items managed by the

PIM application are seamlessly integrated, synchronized and updated via the wireless



network 113 with the device user's corresponding data items stored or associated with a host

computer system. As well, additional software modules, illustrated as another software

module 1 N, may be installed during manufacture.

[0156] Communication functions, including data and voice communications, are

performed through the communication subsystem 1 , and possibly through the short-range

communications subsystem 02 . The communication subsystem 171 includes a receiver 151,

a transmitter 152 and one or more antennas, illustrated as a receive antenna 154 and a

transmit antenna 156. In addition, the communication subsystem 171 includes a processing

module, such as a digital signal processor (DSP) 158, and local oscillators (LOs) 161 . n

some embodiments, the communication subsystem 171 includes a separate antenna

arrangement (similar to the antennas 154 and 56) and RF processing chip/block (similar to

the Receiver 151, LOs 6 1 and Transmitter 52) for each RAT, although a common baseband

signal processor (similar to DSP 158) may be used for baseband processing for multiple

RATs. The specific design and implementation of the communication subsystem 17 is

dependent upon the communication network in which the wireless device 10 is intended to

operate. For example, the communication subsystem 17 of the wireless device 101 may be

designed to operate with the Mobitex™, DataTAC™ or General Packet Radio Service

(GPRS) mobile data communication networks and also designed to operate with any of a

variety of voice communication networks, such as Advanced Mobile Phone Service (AMPS),

Time Division Multiple Access (TDMA), Code Division Multiple Access (CDMA), Personal

Communications Service (PCS), Global System for Mobile Communications (GSM), etc.

Examples of CDMA include X and lx EV-DO. The communication subsystem 171 may

also be designed to operate with an 802. Wi-Fi network or an 802. 6 WiMAX network or

both. Other types of data and voice networks, both separate and integrated, may also be

utilized w ith the wireless device 101 .

[0157] Network access may vary depending upon the type of communication system.

For example, in the Mobitex™ and DataTAC™ networks, wireless devices are registered on

the network using a unique Personal Identification Number (PIN) associated with each

device. In GPRS networks, however, network access is typically associated with a . subscriber

or user of a device. A GPRS device therefore typically has a subscriber identity module,

commonly referred to as a Subscriber Identity Module (SIM) card, in order to operate on a

GPRS network.



[0158] When network registration or activation procedures have been completed, the

wireless device 101 may send and receive communication signals over the communication

network 113. Signals received from the communication network 3 by the receive antenna

154 are routed to the receiver 15 , which provides for signal amplification, frequency down

conversion, filtering, channel selection, etc., and may also provide analog to digital

conversion. Anaiog-to-digital conversion of the received signal allows the DSP 158 to

perform more complex communication functions, such as demodulation and decoding. In a

similar manner, signals to be transmitted to the network 13 are processed (e.g., modulated

and encoded) by the DSP 158 and are then provided to the transmitter 52 for digital to

analog conversion, frequency up conversion, filtering, amplification and transmission to the

communication network 113 (or networks) via the transmit antenna 156.

[0159] In addition to processing communication signals, the DSP 158 provides for

control of the receiver 5 1 and the transmitter 152. For example, gains applied to

communication signals in the receiver 15 and the transmitter 152 may be adaptively

controlled through automatic gain control algorithms implemented in the DSP 58

[0160] In a data communication mode, a received signal, such as a text message or

web page download, is processed by the communication subsystem 171 and is input to the

microprocessor 128. The received signal is then further processed by the microprocessor 128

for an output to the display 127, or alternatively to some other auxiliary I/O devices 106. A

device user may also compose data items, such as e-mail messages, using the keyboard 4

and/or some other auxiliary I/O device 06, such as a touchpad, a rocker switch, a thumb

wheel, or some other type of input device. The composed data items may then be transmitted

over the communication network 3 via the communication subsystem 171.

[0161] In a voice communication mode, overall operation of the device is

substantially similar to the data communication mode, except that received signals are output

to a speaker , and signals for transmission are generated by a . microphone 2 .

Alternative voice or audio I/O subsystems, such as a voice message recording subsystem,

may also be implemented on the wireless device 101. In addition, the display 127 may also

be utilized in voice communication mode, for example, to display the identity of a calling

party, the duration of a voice call, or other voice call related information.

[0162] The short-range communications subsystem 102 enables communication

between the wireless device 101 and other proximate systems or devices, which need not



necessarily be similar devices. For example, the short range communications subsystem may

include an infrared device and associated circuits and components, or a Bluetooth™

communication module to provide for communication with similarly-enabled systems and

devices.

[0163] t should be understood that as used herein, terms such as coupled, connected,

electrically connected, in signal communication, and the like may include direct connections

between components, indirect connections between components, or both, as would be

apparent in the overall context of a particular embodiment. The term coupled is intended to

include, but not be limited to, a direct electrical connection.

[0164] Although the described exemplary embodiments disclosed herein are

described with reference to selected communication systems, the present disclosure is not

necessarily limited to the example embodiments which illustrate inventive aspects of the

present disclosure that are applicable to a wide variety of network connectivity arrangements.

Thus, the particular embodiments disclosed above are illustrative only and should not be

taken as limitations upon the present disclosure, as the disclosure may be modified and

practiced in different but equivalent manners apparent to those skilled in the art having the

benefit of the teachings herein. Accordingly, the foregoing description is not intended to

limit the disclosure to the particular form set forth, but on the contrary, is intended to cover

such alternatives, modifications and equivalents as may be included within the spirit and

scope of the disclosure as defined by the appended claims so that those skilled in the art

should understand t t they can make various changes, substitutions and alterations without

departing from the spirit and scope of the disclosure in its broadest form.

• Change for owe embodiment for 3GPP TS 23.272

=============Begin of Change=====================

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1]

apply. A term defined in the present document takes precedence over the definition of the

same term, if any, in TR 21.905 [1]

xCS The 3GPP2 legacy circuit Switched signalling system as defined in 3GPP2 X.S0042-

0 [22]



CSMT: A flag in LA update request message used in CS fallback for MT call to avoid

missing paging in roaming retry.

For the purposes of the present document, the following terms and definitions

GPP TR 23.829 [xx] apply:

Local IP Access

LIPA Service Continuity

En of Change:

6.3Mobile Origin ating call i Active Mode - No PS H support

This procedure is executed when PS HQ is not supported, in the normal case. Clause 6.6

describes the procedure when the procedure is rejected by the MME.



UE/MS e odeB BSS/RNS MME SG SGW/PGW SGS

a. NAS Extended Service Request

1b. S 1-AP U Context Modification Request w it CS Fallback r dicator

1c. S1-AP L Context Modification Response message

2 . Optional Measurement _*port_ Solicitation

3a. NACC, 3b, 3c RRC connection release

4 . S 1-AP: S 1 UE Context Release Request

6 . ψ Ε changes RA ' then LA Updbte or Combined A LA Update or RA UDdate or A U and RAL

7a. Suspend 23.060)

b . Suspend Request / Response

Update bear r(s

9. C M Service Request 9 . A/iu-cs mess age (with C M Service Request

0a. Service Reject

I MSC
10b. Location Area Update is changed

10c. CS MO

s Update or C 2 bir d ¾ LA Update

Figure 8.3-1 : CS Call Request in E UTRA , Call GERA /UTRA without PS HO

. The UE sends an Extended Service Request (CS Fallback Indicator) to the MME. Extended Service
Request tnessage is encapsulated in RRC and Sl-AP messages. CS Fallback indicator indicates MME to
perform CS Fallback. The UE only transmits this request if i t is attached to CS domain (with a combined
EPS/IMSI Attach) and can not initiate an IMS voice session (because e.g. the UE is not IMS registered or
IMS voice sen/ices are not supported by the serving IP-CAN, ho e PLMN or UE).

lb. The MME sends an S -AP UE Context Modification Request message to eNB that includes a CS
Fallback Indicator. This message indicates to the eNB that the UE should be moved to UTRAN/GERAN .
The value of the CS Fallback Indicator is set to "CS Fallback without PS H O Required" if MME realizes
dial PS H O results the MME detach the UE from the network because the UE context information the
MME keeps is regarding L PA PDN connections and the L PA service continuity is not supported.

c . The eNB sha!l reply with Sl-AP UE Context Modification Response tnessage. f eNB has received an
-AP UE Context Modification Request message that has "CS Fallback without PS H O Required" as

the value of the CS Fallback Indicator, the eNB shall not try to initiate PS H O by sending a Handover
Required message to the MME.

2. The eNodeB may optionally solicit a measurement report from the UE to determine the target
GERAN/UTRAN cell to which the redirection procedure will be performed.

The network performs one of steps 3a or 3b or 3c.



3a. Ifthe UE and network support inter-RAT cell change order to GERAN and the target cell is GERAN:

The eNodeB can trigger an inter-RAT cell change order (optionally with NACC) to a GERAN neighbour
ce l by sending an R C message to the UE. The inter-RAT cell change order may contain a CS Fallback

dicator which indicates to UE that the cell change order is triggered due to a CS fallback request Ifthe
inter-RAT cell change order contains a CS Fallback Indicator and the UE fails to establish connection to
the target RAT, then the UE considers that CS fallback has failed. Service Request procedure is
considered to be successfully completed when cell change order procedure is completed successfully.

3b. Ifthe UE or the network does not support inter-RAT PS handover from E-UTRAN to GERAN/IJTRAN
nor inter-RAT cell change order to GERAN or the network does not wish to use these procedures:

The eNodeB can trigger RRC connection release with redirection to GERAN or UTRAN.

3c. Ifthe UE and network support "RRC connection release with redirection and Multi Cell System
Information to GERAN/UTRAN" :

The eNodeB can trigger RRC connection release with redirection to GERAN or UTRAN and include one
or more physical cell identities and their associated System Information.

NOTE 1: Service Request procedure supervision timer shall be sufficiently long considering the optional
measurement reporting at step 2.

4 . The eNodeB sends an Sl-AP UE Context Release Request message to the MME. Ifthe target cell is
GERAN and either the target cell or the UE does not support DTM the message includes an indication
that the UE is not available for the PS service.

5 . The MME releases the UE Context in the eNodeB as well as all eNodeB related infomiatiori i the S-GW
as specified in TS 23.401 [2].

In case the Cause indicates that RRC was released due to abnormal conditions, e.g. radio link failure, the
MME suspends the EPS bearers (Step 8).

The UE performs o e of steps 6a or 6b or 6c a d THEN performs step 6d.

6a. (Step 6a is performed if step 3a, Cell Change Order to GERAN, was performed)

The UE moves to me new cell in GERAN. The UE uses the NACC information and/or receives the
broadcast System Information and when it has all of the necessary information to access the GERAN
cell, establishes a radio signalling connection.

6b. (Step 6b is performed if step 3b, RRC release th redirection, was performed).

The UE moves to the target RAT, identifies a suitable cell preferably of the same PLMN as received in
LAI E of combined EPS/ MS Attach/TAU Accept message, receives the broadcast System Information
and when it as the necessary information to access GERAN/UTRAN, establishes a radio signalling
connection.

6c. (Step 6c is performed if step 3c, RRC connection release with redirection and Multi Cell System
Information, was performed).

The UE moves to the target RAT and identifies a suitable cell preferably of the same PLMN as received
in LAI IE of combined EPS/!MSI Attach/TAU Accept message. The UE uses the NACC information
and or receives the broadcast System Information and when it has all of the necessary information to
access GERAN/UTRAN, the UE establishes the radio signalling connection.

6d. When the UE arrives at the target cell, if target RAT is UTRAN: The UE establishes the radio signalling
connection by sending an RRC Initial Direct Transfer message as specified in TS 25.33 1 [7] that contains
a AS message. The C Domain Indicator is set to "CS" in the Initial Direct Transfer message.



If target RAT is GERAN A Gb mode: The UE establishes a radio signalling connection by using the
procedures specified in TS 44.018 [4] (i.e. UE requests and is assigned a dedicated channel where it
sends a SA M containing a AS message to the BSS and the BSS responds by sending a UA) Upon
receiving the SABM (containing the NAS message) the BSS sends a COMPLETE LAYER 3
INFORMATION message (containing the NAS message) to the MSG which indicates CS resources have
been allocated in the GERAN cell. After the establishment of the main signalling link as described in
TS 44.018 [4] the U E enters either Dual Transfer Mode or Dedicated Mode.

If the LA of the new cell is different from the one stored in the UE, the UE shall initiate a Location Area
Update or a Combined RA LA Update procedure as specified in TS 23.060 [3] for the different Network
Modes of Operation (NMO). The UE shall set the "follow-on request" flag in the LAU Request in order
to indicate to the MSG not to release the /A connection after the LAU procedure is complete. Further
the UE performs any Routing Area Update procedure as specified by TS 23.060 [3],

In NMO 1 a CSFB UE may perform separate LAU with "follow-on request" flag and RAU procedures
instead of a Combined RA/LA Update procedure to speed up the CSFB procedure.

7. If the target RAT is GERAN and DTM is not supported, the UE starts the Suspend procedure specified in
TS 23.060 [3], clause 16.2. .1.2. This triggers the SGSN to send a Suspend Request message to the
MM The MM returns a Suspend Response to the SGSN even though the GUT! cannot be derived
from the P-TMS1 and RAI pair.

8. If the S1-AP UE Context Release Request message, received from the eNodeB in step 4, indicates that
the UE is not available for the PS service in the target cell the MME starts the preservation and
suspension of non-G bearers and the deactivation of GBR bearers towards S-GW and P-GW(s). The
MME stores in the UE context that UE is in suspended status.

NOTE 2 : Step 8 can not be triggered by the Suspend procedure since the full GUT1 can not be derived from
the P-TMSI and RAI included in the Suspend Request message.

9. The UE continues with the MO ca l setup procedure with sending CM Service Request.

a . f the UE is not registered in the MSG serving the 2G/3G cell or the UE is not allowed in the LA, the
MSG shall reject the service request, if implicit location update is not performed.

lOb.A UE detecting that the MSG rejected the sen/ice request shall perform the Location Area Update or a
Combined RA'LA procedure according to existing GERAN or UTRAN procedures as specified in
TS 23.060 [3] for the different Network Modes of Operation (NMO).

Oc.The UE initiates the CS call establishment procedure.

.After the CS voice call is terminated and if the UE is in GERAN and PS services are suspended, then the
UE shall resume PS services as specified in TS 23.060 [3]. A Gn Gp -SGSN will follow TS 23 .060 [3] to
resume the PDF Context(s). An S4 SGSN will follow S 23.060 [3] to resume the bearers, and informs
the S-GW and P-GW(s) to resume the suspended bearers. If the UE has returned to E-UTRAN after the
CS voice call was terminated, then the UE shall resume PS service by sending TAU to MME. The MME
will in addition inform S-GW and P-GW(s) to resume the suspended bearers. Resuming the suspended
bearers in the S-GW and in the P-GW should be done by implicit resume using the Modify Bearer
request message i fit is triggered by the procedure in operation, e.g. RAU, TAU or Service Request. The
S-GW is aware of the suspend state of the bearers and will forward the Modify Bearer request to the P-
GW. Explicit resume using the Resume Notification message should be used in cases when Modify
Bearer Request is not triggered by the procedure in operation.

If the UE remains on UTRAN/GERAN after the CS voice call is terminated the U E performs

normal mobility management procedures as deiined irs T S 23.060 [31 and T S 24.008 [21].



=End of Chanse=

=Begin of Change^

This procedure is executed when PS HO is not supported, in the normal case. Clause 6.6

describes the procedure when the procedure is rejected by the MME.

Figure 7.4-1 : CS Page in E- TRA , Call in GERA /UTRA without PS HO

la. The MSC receives a incoming voice call and responds by sending a Paging Request ( MS or TMSI,
optional Caller Line Identification and Connection Management information) to the MME over a SGs
interface. The MS only sends a CS Page for an UE that provides location update information using the
SGs interface. n active mode the MME has an established S connection and if the MME did not return
the "SMS-only" indication to the UE during Attach or Combined TA LA Update procedures, the MME
reuses the existing connection to relay the CS Service Notification to the UE.

If the MME returned the "SMS-only" indication to the U during Attach or Combined TA LA Update
procedures, the MME shall not send the CS Page to the UE and sends CS Paging Reject towards MSC to
stop CS Paging procedure, and this CSFB procedure stops.

The e B forwards the paging message to the UE. The message contains CN Domain indicator and, i
received from the MSC, the Caller Line Identification.



The MME immediately sends the SGs Service Request message to the MSG containing an indication that
the UE was in connected mode. The MSG uses this connected mode indication to start the Call
Forwarding o No Reply timer for that U E and the MSG should send an indication o f user alerting to the
calling party. Receipt of the SGs Service Request message stops the MSG, retransmitting the SGs
interface Paging message.

NOTE : The pr -configured policy may be used by UE to avoid being disturbed without Caller Line
Identification display and the detailed handling is to he decided by CT WG1 atsd CT WG6.

NOTE 2: This procedure can also take place immediately after MSC receives MAPJPRN from HSS, ifpre-
paging is deployed. Caller Line Identification is also provided in the case of pre-paging.

lb. UE sends an Extended Service Request (CS Fallback Indicator, Reject or Accept) message to the MME,
Extended Sendee Request message is encapsulated in RRC and S -AP messages. CS Fallback Indicator
indicates MME to perform CS Fallback. The UE may decide to reject C'SFB based on Caller Line
Identification.

c . Upon receiving the Extended Service Request (CSFB, Reject), the MME sends Paging Reject towards
MSC to stop CS Paging procedure and this CSFB procedure stops.

id. The MME sends an S -AP UE Context Modification Request message to eNodeB that includes a CS
Fallback Indicator. This message indicates to the eNB tha the UE should be moved to UT AN/GERAN .
The value of the CS Fallback Indicator is set to "CS Fallback without PS HO Required" if MME realizes
that PS HO results the MME detach the UE from the network because the UE context information the
MME keeps is regarding LIPA PDN connections and the LIPA service continuity is not supported.

le. The eNB shall reply with S -AP UE Context Modification Response message. If eNB has received an
SI -AP UE Context Modification Request message that has "CS Fallback without PS HO Required" as
the value of the CS Fallback Indicator, the eNB shall not try to initiate PS HO by sending a Handover
Required message to the MME,

2. The eNodeB may optionally solicit a measurement report from the UE to determine the target
GERAN/UTRAN cell to which the redirection procedure will be performed.

The network performs one of steps 3 a or 3b or 3c.

3a. If the UE and network support inter-RAT cell change order to GERAN and the target cell is GERAN:

The eNodeB can trigger an inter-RAT cell change order (optionally with NACC) to a GERAN neighbour
cell by sending an RRC message to the UE. The inter-RAT cell change order may contain a CS Fallback
Indicator which indicates to UE that the cell change order is triggered due to a CS fallback request. If the
inter-RAT cell change order contains a CS Fallback Indicator and the UE fails to establish connection to
the target RAT, then the UE considers that CS fallback has failed. Service Request procedure is
considered to be successfully completed when cell change order procedure is completed successfully.

3b. If the UE or the network does not support inter-RAT PS handover from E-UTRAN to GERAN/UTRAN
nor inter-RAT cell change order to GERAN:

The eNodeB can trigger RRC connection release with redirection to GERAN or UTRAN instead of PS
HO or NACC.

3c. f the UE and network support "RRC connection release with redirection and Multi Cell System
Information to GERAN/UTRAN" :

The eNodeB can trigger RRC connection release with redirection to GERAN or UTRAN and include one
or more physical cell identities and their associated System Information.

NOTE 3: Service Request procedure supervision timer shall be sufficiently long considering the optional
measurement reporting at step 2.



4. The eNodeB sends an Sl-AP UE Context Release Request message to the MME. If the target cell is
GERAN and either the target cell or the UE does not support DTM the message includes an indication
thai the UE is not available for PS service.

5 . The MME releases the UE Context in the eNodeB as well as all eNodeB related iniomiation in the 8-GW
as specified in TS 23.401 [2].

In case the Cause indicates that RRC was released due to abnormal conditions, e.g. radio link failure, the
MME suspends the EPS bearers (Step 8).

The UE performs o e of steps 6a or 6b or 6c a d THEN performs step 6 .

6a. (Step 6a is performed if step 3a, Ceil Change Order to GERAN, was performed)

The UE moves to ihe new cell in GERAN. The UE uses the NACC information and/or receives the
broadcast System I ormation and when it has the necessary information to access the GERA cell,
establishes a radio signalling connection.

6b. (Step 6b is performed if step 3b, RRC release with redirection, was performed)

The UE moves to the target RAT, identifies a suitable cell preferably of the same PLMN as received in LAI
I of combined EPS/IMSI Attach/TAU Accept message,, receives the broadcast System Information and
when it has the necessary information to access GERAN/UTRA , establishes a radio signalling
connection.

6c. (Step 6c is performed if step 3c, RRC connection release with redirection and Multi Cell System
Information, was performed)

The UE moves to the target RAT and identifies a suitable cell preferably of the same PLMN as received
in LAI IE o f combined EPS/!MSI Attacb/TAU Accept message. The UE uses the NACC information
and/or receives the broadcast System Information and when it has the necessary information to access
GERAN/UTRAN, the UE establishes the radio signalling connection.

6d. If the LA of the new cell is different from the one stored in the UE, the UE sliail initiate a Location Area
Update or a Combined RA LA Update as specified in TS 23.060 [3] for the different Network Modes of
Operation (NMO). The UE shall set the "CSMT" flag in the LAU Request. The "CSMT" flag is used to
avoid missing MT call in roaming retry case. In NMO I, the UE in GERAN may perform LA update over
the RR connection instead of combined RA/LA update over the packet access as defined in
TS 24.008 [21], clause 4.7.5.2.5, unless enhanced CS establishment in DTM is supported. Further the UE
performs any Routing Area Update procedure as specified in TS 23.060 [3]

n NMO 1 a CSFB UE should perform LAU (and if it does so, shall set the "CSMT" flag) and RAU
procedures instead of a Combined RA/LA Update procedure to speed up the CSFB procedure.

When die MSG receives a LA Update Request, it shall check: for pending terminating CS calls and, if the
"CSMT" flag is set, maintain the CS signalling connection after the Location Area Update procedure for
pending terminating CS calls.

7. f the target RAT is GERAN and DTM is not supported, the UE starts the Suspend procedure specified in
TS 23.060 [3], clause 16.2. 1. .2. This triggers the SGSN to send a Suspend Request message to the
MME. The MME returns a Suspend Response to the SGSN even though GUTI cannot he derived from
the P-TMSI and RAI pair.

8. If the Sl-AP UE Context Release Request message, received from the eNodeB in step 4, indicates that
the UE is not available for the PS services in the target cell, the MME starts the preservation and
suspension of non-GBR bearers and the deactivation of GBR bearers towards S-GW and P-GW(s). The
MME stores in the UE context that the UE is in suspended status.

NOTE 4 : Step 8 can not be triggered by the Suspend procedure since the full GUTI can not be derived from
the P-TMSI and RAI included in the Suspend Request message.



9. If the UE does not initiate a LAU procedure, the UE responds to the paging by sending a Paging
Response message as specified in TS 44.018 [4] or TS 25.33 [7]. When received at the BSS/RNS, the
Paging Response is forwarded to the MSG.

NOTE 6 : The MSG should be prepared to receive a Paging Response after a relatively long time from when
the CS Paging Request was sent (step la).

9a. If UE is registered in the MSG serving the 2G/3G cell and the UE is allowed in the LA the MSG shall
establish the CS call

9b. If the E is not registered in the MSG that receives the Paging Response or the UE is not allowed in the
LA, the MSG shall reject the Paging Response by releasing the A u-cs connection. The BSS/RNS in turn
releases the signalling connection for CS domain.

9c. The signalling connection release shall trigger the UE to obtain the LAI, which causes the initiation of a
Location Area Update or a Combined RA/LA procedure as specified in TS 23.060 [3] for the different
Network Modes of Operation (NMO).

The Location Area Update triggers die Roaming Retry for CS Fallback procedure as defined in
clause 7 .5.

After performing the LAU procedure the MSG shall establish the CS call if the UE is allowed in the LA.

With the exception of steps a and c, above, Call Forwarding (see TS 23.082 [3 ]) is

performed on the basis of the TS 24.008 [21] signalling received on the GERA / TRA

cell.

After the CS voice call is terminated and if the UE is stil in GER.AN and PS services are

suspended, then the UE shall resume PS services as specified in TS 23.060 [3]. A Gn/Gp-

SGS will follo TS 23.060 [10] to resume the PDP Context(s). An S4 SGSN will follow

TS 23.060 [10] to resume the bearers, and informs the S-GW and P-GW(s) to resume the

suspended bearers. If the UE has returned to E-UTRAN after the CS voice call was

terminated, then the UE shall resume PS sendee by sending TAU to MME. The MME will in

addition inform S-GW and P-GW(s) to resume the suspended bearers. Resuming the

suspended bearers in the S-GW and in the P-GW should be done by implicit resume using the

Modify Bearer request message if it is triggered by the procedure in operation e.g. RAU,

TAU or Sendee Request. The S-GW is aware of the suspend state of the bearers and shall

forward the Modify Bearer request to the P-GW. Explicit resume using the Resume

Notification message should be used in cases when Modify Bearer Request is not triggered

by the procedure in operation.

If the UE remains on UTRAN/GERAN after the CS voice call is terminated the UE performs

normal mobility management procedures as defined in TS 23.060 [3] and TS 24.008 [21].



~ — End of Change —

Change for one embodiment fo 3GPP TS 36,417

=Begin of Change

The IE indicates thai a fallback to the CS domain is needed.

End of Change

Chan e for one embodiment fo GPP TS 23.272

This procedure is executed when PS HO is not supported, in the normal case. Clause 6.6

describes the procedure when the procedure is rejected by the MME.
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Figure 8.3-1 : CS Call Request in E-UTRAN, Call in GERA /UTRA without PS HO

. The UE sends an Extended Service Request (CS Fallback Indicator) to the MME. Extended Service
Request message is encapsulated in RRC and Sl-AP messages. CS Fallback Indicator indicates MME to
perform CS Fallback. The UE only transmits this request if i t is attached to CS domain (with a combined
EPS/IMSI Attach) and can not initiate an IMS voice session (because e.g. the UE is not IMS registered or
IMS voice sen/ices are not supported by the serving IP-CAN, ho e PLMN or UE).

lb. The MME sends an S -AP UE Context Modification Request message to eNB that includes a CS
Fallback Indicator. This message indicates to the eNB that the UE should be moved to UTRAN/GBRAN.

c. The eNB shall reply with Sl-AP UE Context Modification Response message.

2. The eNodeB may optionally solicit a measurement report from the UE to determine the target
GERAN/UTRAN cell to which the redirection procedure will be performed.

The -i wo k performs one of steps 3a or 3b or 3c.

3a. If the UE and network support inter-RAT cell change order to GERAN and the target ceil is GERAN:

The eNodeB can trigger an inter-RAT cell change order (optionally with NACC) to a GERA neighbour
cell by sending an RRC message to the UE. The inter-RAT cell change order may contain a CS Fallback
Indicator which indicates to UE that the cell change order is triggered due to a CS fallback request. If the



inter-RAT cell change order contains a CS Fallback Indicator and the UE fails to establish connection to
the target RAT, then the UE considers that CS fallback has failed. Service Request procedure is
considered to be successfully completed when cell change order procedure is completed successful ly

3b. f the UE or the network does not support inter-RAT PS handover from E-UTRAN to GERAN/UTRAN
nor inter-RAT cell change order to GERAN or the network does not wish to use these procedures or
HeNB determines that the UE only has LIPA. PDN connections based on the existence of Correlation

Ι) :

The eNodeB ca trigger RRC connection release with redirection to GERAN or UTRAN.

3c f the UE and network support "RRC co ectio release with redirection and Muiti Cell System
Information to GERAN/UTRAN" :

The eNodeB can trigger RRC connection release with redirection to GERAN or UTRAN and include one
or more physical cell identities and their associated System Information.

NOTE : Service Request procedure supervision timer shall be sufficiently long considering the optional
measurement repotting at step 2

4. The eNodeB sends an Sl-AP UE Context Release Request message to the MME. If the target ceil is
GERAN and either the target cell or the UE does not support D M the message includes an indication
that the U is not available for the PS service.

5. The MME releases the UE Context in the eNodeB as well as all eNodeB related information in the S-GW
as specified in TS 23.401 [2].

in case the Cause indicates that RRC was released due to abnormal conditions, e.g. radio link failure, the
MME suspends the EPS bearers (Step 8).

The E performs one of steps 6a or 6 1 or 6c a d THEN perforins step 6d.

6a. (Step 6a is performed if step 3a, Cell Change Order to GERAN, was performed)

The UE moves to the new cell in GERAN. The UE uses the NACC information and/or receives the
broadcast System Information and when it has all of the necessary information to access the GERAN
cell, establishes a radio signalling connection

6b. (Step 6b is performed if step 3b, RRC release with redirection, was performed).

The UE moves to the target RAT, identities a suitable cell preferably of the same PLMN as received in
LAI IE of combined EPS/ MS Attach/TAU Accept message, receives the broadcast System Information
and when it has the necessary information to access GERAN/UTRAN, establishes a radio signalling
connection

6c (Step 6c is performed if step 3c, RRC connection release with redirection and Muiti Cell System
Information, was performed).

The UE moves to the target RAT and identifies a suitable cell preferably of the same PLMN as received
in LAI IB of combined EPS/IMSI Attach/TAU Accept message. The UE uses the NACC information
and/or receives the broadcast System information and when i t has all of the necessary information to
access GERAN/UTRAN, the UE establishes the radio signalling connection.

6d. When the UE arrives at the target cell, if target RAT is UTRAN: The UE establishes the radio signalling
connection by sending an RRC Initial Direct Transfer message as specified in TS 25.33 1 [7] that contains
a NAS message. The CN Domain Indicator is set to "CS" in the initial Direct Transfer message.

if target RAT is GERAN A/Gb mode: The UE establishes a radio signalling connection by using the
procedures specified in TS 44.018 [4] (i.e. UE requests and is assigned a dedicated channel where it
sends a SABM containing a NAS message to the BSS and the BSS responds by sending a UA). Upon



receiving the SABM (containing the NAS message) the BSS sends a COMPLETE LAYER 3
INFORMATION message (containing the NAS message) to the MSG which indicates CS resources have
been allocated in the GERAN cell. After the establishment the main signalling link as described in
TS 44.018 [4] the UE enters either Dual Transfer Mode or Dedicated Mode.

If the LA of the new cell is different from the one stored in the UE, the UE shall initiate a Location Area
Update or a Combined RA LA Update procedure as specified in TS 23.060 [3] for the different Network
Modes of Operation (NMO). The UE shall set the "follow-on request" flag in the LAU Request in order
to indicate to the MSC not to release the u A connection after the LAU procedure is compiete. Further
the UE performs any Routing Area Update procedure as specified by TS 23.060 [3]

n NMO 1 a CSFB UE may perform separate LAU with "follow-on request" flag and RAU procedures
instead of a Combined RA/LA Update procedure to speed up the CSFB procedure.

7. If the target RAT is GERAN and DTM is not supported, the UE starts the Suspend procedure specified in
TS 23.060 [3], clause 2. .1 2 . This triggers the SGS to send a Suspend Request message to the
MME. The MME returns a Suspend Response to the SGS even though the GUTI cannot be derived
from the P-TMSI and RAI pair.

8. If the S1-AP UE Context Release Request message, received from the eNodeB in step 4, indicates that
the UE is not available for the PS service in the target cell the MME starts the preservation and
suspension of non-G bearers and the deactivation of GBR bearers towards S-GW and P-GW(s). The
MME stores in the UE context that UE is in suspended status.

NOTE 2 : Step 8 can not be triggered by the Suspend procedure since the M l GUTI can not be derived from
the P-TMSI and RAI included in the Suspend Request message.

9. The UE continues with the MO ca l setup procedure with sending CM Service Request.

0a f the UE is not registered in the MSC serving the 2G/3G cell or the UE is not allowed in the LA, the
MSC shall reject the service request, if implicit location update is not performed.

10b.A UE detecting that the MSC rejected the service request shall perform the Location Area Update or a
Combined RA LA procedure according to existing GERAN or IJTRAN procedures as specified in
TS 23.060 [3] for the different Network Modes of Operation (NMO).

lOc.Tne UE initiates the CS call establishment procedure.

. After the CS voice call is terminated and if the UE is in GERAN and PS services are suspended, then the
UE shall resume PS services as specified in TS 23.060 [3] A Gn/Gp -SGSN will follow TS 23.060 [3] to
resume the PDP Context(s). An S4 SGSN will follow TS 23.060 [3] to resume the bearers, and informs
the S-GW and P-GW(s) to resume the suspended bearers. f the UE has returned to E-UTRAN after the
CS voice call was terminated, then the UE shall resume PS service by sending TAU to MME. The MME
will in addition inform S-GW and P-GW(s) to resume the suspended bearers. Resuming the suspended
bearers in the S-GW and in the P-GW should be done by implicit resume using the Modify' Bearer
request message ifit is triggered by the procedure in operation, e.g. RAU, TAU or Service Request. The
S-GW is aware of the suspend state of the bearers and will forward the Modify Bearer request to the P-
GW. Explicit resume using the Resume Notification message should be used in cases when Modify
Bearer Request not triggered by the procedure in operation.

If the UE remains ors UTRAN/GERAN after the CS voice call is terminated the U E performs

normal mobility management procedures as defined in TS 23.060 [3] and TS 24.008 [21].

End of Change :



WHAT S CLAIMED IS

. A method in first network element of a wireless communications network, the

method comprising:

receiving a first message from a mobility management entity (MME), the first

5 message associated with causing a circuit switched fallback (CSFB) procedure to redirect a

User Equipment (UE) to change from the first network element to a second network element;

determining that Packet Switched Handover (PS HO) is not available for the CSFB

procedure; and

sending a second message to the UE in response to said determining, wherein the

0 second message is associated with causing the UE to perform a Radio Resource Control

(RRC) connection release procedure.

2. The method of claim , wherein said determining includes

determining, at the first network element, that the UE has only a Local IP

5 Access (LIPA) packet data network (PDN) connection at the first network element.

3. The method of claim , wherein the second network element is one of a

GERA base station and a UTRA base station.

4. The method of claim 3, wherein the second message is one of:

an RRC message including Inter RAT cell change order to a GERAN neighbor

0 base station if the UE and network support inter-RAT cell change order to GERAN

and the second network element is GERAN; or

a signaling message to trigger an RRC connection release with redirection to

the second network element if the second network elemen t is a GERAN or UTRAN

base station; or

5 a signaling message to trigger an RRC connection release with redirection to

the second network element, where the signaling message to trigger the RRC

connection release comprises one or more physical cell identities and associated

System Information if the second network element is a GERAN or UTRAN base



station, and the UE and network support "RRC connection release with redirection

and M ti Cell System Information to GERAN/XJTRAN. "

5. The method of claim 1, wherein the first network element is a home evolved

node base station (ITeNB).

6. The method of claim 1, wherein the first message is a UE context modification

request including a CSFB indicator.

7. The method of claim I , wherein said determining that PS HO is not available

for CSFB comprises detecting an indication in the first message from the MME that PS HO is

not available.

8 . The method of claim I , wherein said determining that PS HO is not available

for CSFB comprises detecting that all the RRC connections for the UE have an associated

correlation ID.

9. The method of claim 1, wherein the CSFB procedure is related to a mobile

originated call.

10. The method of claim 1, wherein the CSFB procedure is related to a mobile

terminated call.

. A method for use in a management mobility entity (MME) of a network, the

method comprising;

receiving an Extended Service Request message with circuit switch (CS) Fallback

Indicator from a User Equipment (UE), the UE connected to a first network element having a

first identifying characteristic;

sending a UE Context Modification Request message to a second network element of

the network that includes the CS Fallback indicator to indicate that the UE should be moved

to the second network element, where the second network element supports CS services and



where a value of the CS Fallback Indicator is set to "CS Fallback without PS HO Required"

only when a predetermined condition is met.

12. The method of claim , wherein the predetermined condition comprises

determining that the UE has only one or more LIPA PDN connections at the first network

element, the one or more LIPA PDN connections not supported at the second network

element.

3. A network element apparatus in a wireless communications network that

comprises processor control logic and/or circuitry for:

receiving a first message from a mobility management entity (MME), the first

message associated with causing a circuit switched fallback (CSFB) procedure to redirect a

User Equipment (UE) to change from the network element apparatus to a second network

element apparatus;

determining that Packet Switched Handover (PS HO) is not available for the CSFB

procedure;

sending a second message to the UE in response to said determining, wherein the

second message is associated with causing the UE to perform a Radio Resource Control

(RRC) connection release procedure.

. The network element apparatus of claim 13, wherein the processor control

logic and/or circuitry determines that the UE has only a Local IP Access (LIPA) packet data

network (PDN) connection at the network element apparatus.

. The network element apparatus of claim 3, wherein the network element

apparatus comprise a home evolved node base station (HeNB).

16. The network element apparatus of claim 13, wherein the second network

element is one of a GERAN base station and a UTRAN base station.

7. A computer program product comprising a non-transitory computer readable

storage medium having computer readable program code embodied therein, said computer



readable program code adapted to be executed to implement a method in first network

element of a wireless communications network, comprising:

instructions for receiving a first message from a mobility management entity (MME),

the first message associated with causing a circuit switched fallback (CSFB) procedure to

redirect a User Equipment (UE) to change from the first network element to a second

network element;

instructions for determining that Packet Switched Handover (PS HO) is not available

for the CSFB procedure; and

instructions for sending a second message to the UE in response to said determining,

wherein the second message is associated with causing the UE to perform a Radio Resource

Control (RRC) connection release procedure.

8 The computer program product of claim 17, wherein the instructions for

determining comprise instructions for determining, at the first network element, that the UE

has only a Local IP Access (LIPA) packet data network (PDN) connection at the first

network e ement.

9. The computer program product of claim 7, wherein the second network

element is one of a GERAN base station and a UTRAN base station

20. The computer program product of claim 7, wherein first network element is a

home evolved node base station (HeNB).



AMENDED CLAIMS
RECEIVED BY THE INTERNATIONAL BUREAU ON 13 MARCH 2012

(13.03.2012)

1. A method in a first network element of a wireless communications network,

the method comprising:

receiving a first message from a mobility management entity (MME), the first

message associated with causing a circuit switched fallback (CSFB) procedure to move a

User Equipment (UE) from the first network element to a second network element;

determining that Packet Switched Handover (PS HO) is not available for the CSFB

procedure because the UE has only one or more Local ΓΡ Access (LIPA) packet data network

(PDN) connections at the first network element; and

sending a second message to the UE in response to said determining, wherein the

second message is associated with causing the UE to perform a Radio Resource Control

(RRC) connection release procedure.

2. The method of claim 1, wherein the second network element is one of a

GERAN base station and a UTRAN base station.

3. The method of claim 1, wherein the second message is an RRC message

including Inter RAT cell change order to a GERAN neighbor base station if the UE and the

wireless communications network support inter-RAT cell change order to GERAN and the

second network element is a GERAN base station.

4. The method of claim 1, wherein the second message is a signaling message to

trigger an RRC connection release with redirection to the second network element if the

second network element is a GERAN or UTRAN base station.

5. The method of claim 1, wherein the second message is a signaling message to

trigger an RRC connection release with redirection to the second network element, where the

signaling message to trigger the RRC connection release comprises one or more physical cell

identities and associated System Information if the second network element is a GERAN or

UTRAN base station, and the UE and the wireless communications network support "RRC

connection release with redirection and Multi Cell System Information to GERAN/UTRAN."



6. The method of claim 1, wherein the first network element is a home evolved

node base station (HeNB).

7. The method of claim 1, wherein the first message is a UE context modification

request including a CSFB indicator.

8. The method of claim 1, wherein said determining that PS HO is not available

for the CSFB procedure comprises detecting an indication in the first message from the MME

that PS HO is not available.

9. The method of claim 1, wherein said determining that PS HO is not available

for the CSFB procedure is based upon an existence of a bearer for the UE that has an

associated correlation ID.

10. The method of claim 1, wherein the CSFB procedure is related to a mobile

originated call.

11. The method of claim 1, wherein the CSFB procedure is related to a mobile

terminated call.



12. A method for use in a management mobility entity (MME) of a network, the

method comprising:

receiving an Extended Service Request message with circuit switch (CS) Fallback

Indicator from a User Equipment (UE), the UE connected to a first network element having a

first identifying characteristic;

sending a UE Context Modification Request message to a second network element of

the network that includes the CS Fallback Indicator to indicate that the UE should be moved

to the second network element, where the second network element supports CS services and

where a value of the CS Fallback Indicator is set to "CS Fallback without PS HO Required"

only when a predetermined condition is met,

wherein the predetermined condition comprises determining that the UE has only one

or more LIPA PDN connections at the first network element, the one or more LIPA PDN

connections not supported at the second network element.

13. A network element apparatus in a wireless communications network that

comprises processor control logic and/or circuitry for:

receiving a first message from a mobility management entity (MME), the first

message associated with causing a circuit switched fallback (CSFB) procedure to move a

User Equipment (UE) the network element apparatus to a second network element apparatus;

determining that Packet Switched Handover (PS HO) is not available for the CSFB

procedure because the UE has only one or more Local IP Access (LIPA) packet data network

(PDN) connections at the network element apparatus;

sending a second message to the UE in response to said determining, wherein the

second message is associated with causing the UE to perform a Radio Resource Control

(RRC) connection release procedure.

14. The network element apparatus of claim 13, wherein the network element

apparatus comprises a home evolved node base station (HeNB).

15. The network element apparatus of claim 13, wherein the second network

element is one of a GERAN base station and a UTRAN base station.



16. A computer program product comprising a non-transitory computer readable

storage medium having computer readable program code embodied therein, said computer

readable program code adapted to be executed to implement a method in a first network

element of a wireless communications network, comprising:

instructions for receiving a first message from a mobility management entity (MME),

the first message associated with causing a circuit switched fallback (CSFB) procedure to

move a User Equipment (UE) from the first network element to a second network element;

instructions for determining that Packet Switched Handover (PS HO) is not available

for the CSFB procedure because the UE has only one or more Local IP Access (LIPA) packet

data network (PDN) connections at the first network element; and

instructions for sending a second message to the UE in response to said determining,

wherein the second message is associated with causing the UE to perform a Radio Resource

Control (RRC) connection release procedure.

17. The computer program product of claim 16, wherein the second network

element is one of a GERAN base station and a UTRAN base station.

18. The computer program product of claim 16, wherein first network element is a

home evolved node base station (HeNB).
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