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Foreword

This Technical Report has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

Introduction

During the course of Release 6, 3GPP TS 43.318 [2] (Generic access to the A/Gb interface; Stage 2) and

3GPP TS 44.318 [3] (Generic access to the A/Gb interface; Stage 3) were devel oped that provide access to the 3GPP
core network using generic IP connection. Generic Access Networks, or GAN, is an extension of GSM/GPRS mobile
services into the customer's premises that is achieved by tunnelling certain GSM/GPRS protocols between the
customer's premises and the Core Network over broadband IP network, and relaying them through an unlicensed radio
link inside the customer's premises. GAN is a complement to traditional GSM/GPRS radio coverage, used to enhance
customer premises coverage, increase network capacity and potentially lower costs.

Early deployments of GAN are now ongoing. As part of the continuous process of optimizing their network to better
meet customer demand a number of operators have indicated a need to further enhance the GAN system. Various goals
for such enhancements are documented in section four of the present document. After presentation of the goals, the
present document technical alternatives for how to implement such enhancementsto GAN.
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1

Scope

The present document contains the results of the feasibility study into the enhancements to Generic Access Networks or
GAN. Considerations include overal requirements for enhancements, architectural requirements, evaluation of potential
architectural solutions and alternative architectures.

The objectiveisto identify an architectural solution that best meets the requirements as specified in first section. The
feasibility study shall also investigate mechanisms for selecting the most appropriate network domain to serve the user.

Existing solutions developed by the 3GPP should be reused as much as possible.

2

References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

[1]
[2]
(3]

[4]
5]

6]

References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.
3GPP TS 43.318: "Generic access to the A/Gb interface; Stage 2".

3GPP TR 44 318: "Generic Access (GA) to the A/Gb interface; Mobile GA interface layer 3
specification”.

3GPP TS 24.008: "Mobile radio interface Layer 3 specification; Core network protocols; Stage 3".

3GPP TS 29.060: "General Packet Radio Service (GPRS); GPRS Tunnelling Protocol (GTP)
across the Gn and Gp interface”.

3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

[7] 3GPP TS 23.078: "Customized Applications for Mobile network Enhanced Logic (CAMEL) Phase
X; Stage 2".

[8] 3GPP TS 32.251: " Telecommunication management; Charging management; Packet Switched
(PS) domain charging"”.

[9] 3GPP TS 24.007: "Mobileradio interface signalling layer 3; General aspects'.

[10] 3GPP TS 33.107: " 3G security; Lawful interception architecture and functions®.

[11] IETF RFC 2784 (March 2000): " Generic Routing Encapsulation (GRE)".

[12] 3GPP TS 25.410: "UTRAN lu interface: General aspects and principles'.

[13] 3GPP TS 25.450: "UTRAN lupc interface general aspects and principles’.

[14] 3GPP TS 25.419: "UTRAN Iu-BC interface: Service Area Broadcast Protocol (SABP)".

[15] 3GPP TS 29.234: "3GPP system to Wireless Local Area Network (WLAN) interworking;
Stage 3".

[16] 3GPP TS 25.412: "UTRAN lu interface signalling transport”.
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[17] 3GPP TS 25.414: "UTRAN lu interface data transport and transport signalling”.

[18] 3GPP TS 25.415: "UTRAN lu interface user plane protocols'.

[19] 3GPP TS 26.071: "AMR speech Codec; General description”.

[20] 3GPP TS 33.102: "3G Security; Security architecture”.

[21] 3GPP TS 33.234: "3G security; Wireless Local Area Network (WLAN) interworking security”.

[22] 3GPP TS 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) inidle
mode".

[23] 3GPP TS 25.331: "Radio Resource Control (RRC); Protocol specification”.

[24] 3GPP TS 44.064: "Mobile Station - Serving GPRS Support Node (MS-SGSN); Logical Link
Control (LLC) Layer Specification”.

[25] 3GPP TS 44.065: "Mobile Station (MS) - Serving GPRS Support Node (SGSN); Subnetwork
Dependent Convergence Protocol (SNDCP)".

[26] 3GPP TS 23.003: "Numbering, addressing and identification".

[27] 3GPP TS 23.236: "Intra-domain connection of Radio Access Network (RAN) nodes to multiple
Core Network (CN) nodes".

[28] 3GPP TS 43.129: "Packed-switched handover for GERAN A/Gb mode; Stage 2".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in

TR 21.905 [1].

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Up

Interface between UE and GANC

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in

TR 21.905 [1].

AAA
AKA
AP

AS
BSC
BSS
BSSGP
BSSMAP
CcC

CGl
CM

CN

Authentication, Authorization and Accounting
Authentication and Key Agreement

Access Point

Access Stratum

Base Station Controller

Base Station Subsystem

Base Station System GPRS Protocol

Base Station System Management Application Part
Call Control

Cell Glaobal Identification

Connection Management

Core Network
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CS Circuit Switched
DNS Domain Name System
DTM Dual Transfer Mode
EAP Extensible Authentication Protocol
ETS European Telecommunications Standards I nstitute
FQDN Fully Qualified Domain Name
GA-CSR Generic Access - Circuit Switched Resources
GAN Generic Access Network
GANC Generic Access Network Controller
GA-PSR Generic Access - Packet Switched Resources
GA-RC Generic Access - Resource Control
GA-RRC Generic Access - Radio Resource Control
GERAN GSM EDGE Radio Access Network
GGSN Gateway GPRS Support Node
GMM/SM GPRS Mobility Management and Session Management
GPRS General Packet Radio Service
GSM Global System for Mobile communications
GSN GPRS Support Node
HLR Home Location Register
HPLMN Home PLMN
IETF Internet Engineering Task Force
IKE Internet Key Exchange
IMEISV International Mobile station Equipment Identity and Software Version number
IMSI International Mobile Subscriber Identity
IP Internet Protocol
LA Location Area
LAI Location Area ldentity
LLC Logical Link Control
MAC Medium Access Control
MAC Message Authentication Code
MM Mobility Management
MS Mobile Station
MSC Mobile Switching Center
MTP1 Message Transfer Part layer 1
MTP2 Message Transfer Part layer 2
MTP3 Message Transfer Part layer 3
NAS Non-Access Stratum
PDP Packet Data Protocol
PDU Protocol Data Unit
PLMN Public Land Mobile Network
PSTN Public Switched Telephone Network
P-TMSI Packet - TMSI
QoS Quality of Service
RA Routing Area
RAC Routing Area Code
RAI Routing Area I dentity
RAT Radio Access Technology
RLC Radio Link Control
RTCP Real Time Control Protocol
RTP Real Time Protocol
SCCP Signalling Connection Control Part
SEGW SEcurity GateWay
SGSN Serving GPRS Support Node
SIM Subscriber Identity Module
SMLC Serving Mobile Location Center
SMS Short Message Service
SNDCP Sub-Network Dependent Convergence Protocol
TBF Temporary Block Flow
TC Transport Channel
TCP Transmission Control Protocol
TFO Tandem Free Operation
T™MS Temporary Mobile Subscriber Identity
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TrFO Transcoder Free Operation
TTY Text Telephone or TeletY pewriter
UDP User Datagram Protocol
UMTS Universal Mobile Telecommunication System
VLR Visited Location Register
VPLMN Visited Public Land Mobile Network
4 Requirements

4.1 Objectives
1. GAN Enhancements shall be backwards compatible with GAN in 3GPP Rel-6 and Rel-7.

Two levels of enhancements may be considered that are either:

a) Forwards compatible from Rel-6: Rel-6 and Rel-7 terminals work with the enhancementsi.e. network-only
enhancements

b) Not forwards compatible from Rel-6 (respectively Rel-7): Rel-6 (respectively Rel-7) terminals do not work
with the enhancements

GAN Enhancements shall:
e Support at minimum the same services as GAN in 3GPP Rel-6 and Rel-7; and
e Support existing QoS management as specified in 3GPP; and
e Minimize theimpact on the Core Network.

2. GAN Enhancements shall abide as per the unchanged GAN principle to keep the transparent support for any
given service between UTRAN or GERAN, and GAN.

o E.g. preserve the existing APN mechanism.
3. GAN Enhancements shall minimize the additional complexity on existing GANCs if applicable.
4. GAN Enhancements shall minimize the additional complexity on terminals (see case 1b above).
5. GAN Enhancements shall reduce the complexity for delivery of CS and PS services.

e E.g. by reducing the number of functions and/or protocol overhead.
6. GAN Enhancements shall reduce the user-plane latency for delivery of PS services.

e E.g. by reducing the number of functions and/or protocol overhead.

7.  GAN Enhancements shall be compatible / shall align with other 3GPP Core Network enhancements e.g. "one
tunnel approach” for PS services.

8. GAN Enhancements shall overcome the limitations imposed by using the Gb interface.

9. GAN Enhancements shall provide optimized support for operators using GSM-only, UMTS-only, or combined
GSM/UMTS networks.

e E.g. no changes to existing core network nodes/interfaces.
NOTE 1. Theterm"GSM" aso refersto GPRS.

10. GAN Enhancements shall provide seamless mobility for CS and seamless mobility for PS including PS
conversational services.

11. GAN Enhancements shall minimize "Enhanced GAN mode" power consumption on handsets.
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NOTE 2: "Enhanced GAN mode" refersto the peer of GAN mode when operating as per agiven GAN
Enhancement.

4.2 Benefits

The following items constitute a non-exhaustive list of benefits that may characterize the proposals on GAN
Enhancements:

e PS Optimization independent of CS Changes.
e Support the services/network deployed with GPRS APNSs.
e Noimpact on 3GPP TS 24.008 [4].

e Minimize the load on existing network elements (e.g. HLR).

4.3 For further investigation
The following items require further investigation:
e Whether "Enhanced GAN" Terminals shall support GAN specified in 3GPP Rel-6 and Rel-7.

e Whether thereis any limitationsinduced by LLC protocol.

5 Architecture alternatives

5.1 A/Gn based architectures

5.1.1 Enhanced Up

51.1.1 Architecture

Figure 1 shows the architecture of enhanced Up solution. The CS domain remains unchanged and the PS domain is
enhanced to increase the performance of the broadband data services.
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EGANC isacombination of legacy GANC and part of SGSN functionalities. The EGANC provides the Gn reference
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Figure 1. Enhanced Up A/Gn solution architecture

point and enhanced Up reference point for enhanced PS efficiency and performance.

The main features of the architecture are as follows:

No changesto CS domain - reuse of A interface.

This proposal only affects the PS domain.

New Enhanced Up protocol for PS domain.

Gb is kept for backward compatibility with R6 GAN terminals.

ETSI

Direct connectivity to GGSN via unchanged Gn per 3GPP TS 29.060 [5].

GA-PSR and 3GPP TS 24.008 [4] MM/SM are not used in PS EGAN mode.

Gn reference point: This reference point to GGSN removes one node in the path for PS services, hence reducing
the latency and overhead. It also moves the EGANC close to the core network, making the GERAN/UTRAN
radio-specific procedures unnecessary in the EGANC.

Enhanced Up reference point: This reference point removes the unnecessary protocol stacks between UE and the
EGANC, hence enhancing the performance of the PS services. The Up reference point for CS domain remains
unchanged so that al the current procedures keep working. The legacy Up reference point for PS domain isaso
supported for backward compatibility.

Reuse of Up procedures for authentication, security, discovery/registration. -reuse of Wm interface.

Single enhanced Up PS stack in the terminal for 2G and 3G networks and terminal's environment.
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e Other interfaces:

- Gdinterfaceis not needed. SMSis provided via CS domain in the WLAN coverage via standardized 3GPP
mechanisms without any changes for the GERAN/UMTS coverage, where PS or CS preference can be kept
(refer to contribution on SMS).

- Gsinterfaceisnot used.

- The EGANC may interface with the GSM SCF for optional CAMEL control using Ge reference point
according to 3GPP TS 23.078 [7].

- The EGANC may interface with the CGF (Charging Gateway Functionality) using Gainterface for off-line
charging via CDRs to according to 3GPP TS 32.251 [8].

- The EGANC optionally interfaces ADMF (Administration Function), DF2 (Delivery Function 2) and DF3
(Delivery Function 3) viaX1-1, X2 and X3 for lawful interception if required (refer to contribution on
Lawful Interception) according to 3GPP TS 33.107 [10].

51.1.2 Protocol stacks

The control plane and user plane CS domain protocol stacks are unchanged from existing GAN. CS domain protocols
stacks are not shown here. The PS domain proposed changes are independent from the CS domain.

5.1.1.21 PS Control Plane

The PS control plane protocol stack is shown in figure 2.

Up Interface Gn
| |
1 1
1 1
1 1
1 1
- 1 i 1
GA-SM < : > GA-SM GTP-C : > GTP-c

1 1
1 1

i ' i N

UDP < X » UDP UDP < X » UDP
T 1
Remote ! Remote P < 1 > P

»i 1 a 1
IpSec N ! g IpSec !

o N . N . : N

Transport Transport Transport L2 : L2
<«—> <“—> —>
Access Access Access Physical : Physical
1
MS Generic Network EGANC-PS ' GGSN

Figure 2: A/Gn alternative PS control plane protocol stacks

The control planeis simplified in the following way:

e Thetwo protocol stacksin arow (GA-PSR + BSSGP) can be replaced by one single upper layer protocol (GA-
SM).

e GA-SM (GAN Session Management) protocol takes the role of NAS 24.008, and it reuses 24.008 SM messages.
The parallel operation of the two radios of the terminal allow for a make-before-break handover.

e LLCisnot required because user plane and control plane are separated, and because security is ensured by the
IPsec tunnel. Removing LL C provides enhancement to the whole performance.

Furthermore UDP is sufficient to address GA-SM via awell-known port: TCP is not needed as signalling in GPRS is
performed above LLC in unacknowledged mode (SAPI 1), and thereis aready a TCP connection to check the presence
of the terminal, established at GAN registration.
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5.1.1.2.2 PS User Plane

The PS user plane protocol stack is shown in figure 3.

Up G G
Interface n, i
1 1 1
1 1 1
1 1 1
1 1 1
< . — !
IP 1 1 1P 1
1 1 1
- 1 - 1 1
IP tunneling P L - IP tunneling

< > GTP-u < + GTP-u 1
(e.g. GRE) 1 (e.g. GRE) - 1 I
1 1 1
< T » UDP | UDP |
Remote IP . Remote IP . I
< ' > «——> !
IpSec ESP | | Sec ESP 1 1
T 1 1
& » & > Transport P < } > Transport IP 1
Transport |P N i Transport |P b Transport IP N 1 "l 1
Access Layers Access Layers Access Layers Access Layers : Access Layers :
1 1

MS Generic IP EGANC GGSN

Network
Figure 3. A/Gn alternative PS user plane protocol stacks
The user plane is also simplified in the same way:
e Thetwo protocol stacksin arow (GA-PSR + BSSGP) are replaced by one single tunnelling protocol (e.g. GRE).

e LLCisnot required because user plane and control plane are separated. The security is ensured by the |Psec
tunnel.

e SNDCP isreplaced by atunnel or flow-identification mechanism provided by IP (e.g. IETF GRE [11] where
NSAPI is embedded in GRE header).
5.1.1.3 Affected Procedures

5.1.1.3.1 PS mobility overview
A GAN terminal under WLAN coverage, has several specificitiesthat do not exist for a GERAN/UMTS terminal:

1) No LA/RA needed in WLAN: Once authenticated, authorized and GAN registered, the GAN terminal has an
I PSec tunnel and a TCP connection with the GANC. Therefore, it is possible to reach the terminal at cell level
without any paging. Consequently, thereis no need for LA/RA concept in the WLAN.

2) Make before break: WLAN radio and GERAN/UMTS radio can operate simultaneously. Thisalowsfor a
simpler handover mechanism, which consists in establishing a second leg in the new RAT, then releasing the
first leginthe old RAT.

¢ No need for MM/PDP context transfer from one RAT to another.

e Thetwo systems can remain fully independent: they can have their own radio parameters, their own security
mechanisms, etc.
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GGSN

Figure 4. GGSN as anchor point in the user plane

The establishment of the legs (bearers) is performed via GA-SM procedures (equivalent to Activate PDP Context,
Modify PDP Context, Deactivate PDP Context, etc.).

Control plane anchor

The control plane anchor is a different function from the user plane anchor. The principle isthat signalling messages
related to one UE must be routed to the same entity (Proxy-Gn) whatever the active UE is on 3GPP or on WLAN. To
avoid any changesto existing GGSN, it is proposed to host the Gn-Proxy function in the GANC.

To alow for mobility between GAN and GERAN/UMTS, the EGANC acts as a Proxy-Gn i.e. when the terminal
activates a PDP context in the GERAN/UMTS system, the APN address resolution by the DNS causes the legacy SGSN
to route the signalling messages towards a Proxy-Gn (EGANC). The Proxy-Gn (EGANC) then routes them to the
GGSN. In other words, the EGANC is an anchor point for control plane.

—BSC/

GSN

GGSN

Gn

1)Acts as Proxy-Gn
2) is control plane
anchor

Figure 5. Mobility management in Enhanced Up solution
Anchor PDP

The Proxy-Gn function, hosted in EGANC, provides the PDP context anchor functionality for the EGAN capable MS
while acting as arelay for the first PDP context creation of the MS that are not EGAN capable. From an external point
of view the Proxy-Gn is seen asa GGSN by the SGSN and the GA-SM entity, but itsroleislimited to the control
plane only.

For providing the PDP context anchor functionality, the Proxy-Gn introduces the concept of Anchor PDP context. An

Anchor PDP context is a PDP context with several GTP-C end points called terminations. An Anchor PDP context
embeds:

e oneAccess Termination per accesstechnology. For the case of the EGAN there are two accessterminationsin
the Anchor PDP context:

- onefor the EGAN mode. Thisisthe GTP-C end point for signalling with the GA-SM;
- onefor the GERAN/UTRAN mode. Thisisthe GTP-C end point for signalling with the SGSN.
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e oneNetwork Termination. It isthe GTP-C end point for signalling with the GGSN.
Anchor PDP context interface

The Anchor PDP context interfaces the SGSN, GA-SM (EGANC) and the GGSN in Gn. However only the GTP-C part
of Gnis considered since the user plane (GTP-U) is out of the scope of the Anchor PDP context.

Gn IMSI
SGSN (GTR-C) Access NSAPI
‘ Termination
Gn
Mobility Network GTP-C)
M Logic Termination
GGSN
MS Gn Access
— - CTed) ot ion Anchor PDP Context
GA-SM
Proxy-Gn
E-GANC

Figure 6: EGANC architecture

The UE GA-SM termination and the Proxy-Gn function exchange information by using specific containers created in
the PCO Information Element present in the signalling messages related to PDP context. The PCO |E (Protocol
Configuration Options) is specified in 3GPP TS 24.008 [4] to convey information from external protocols between the
MS and the GGSN. The protocol configuration options information element is transparent to the SGSN. These new
containers are processed by the Proxy-Gn and, according to 3GPP TS 29.060 [5], ignored by the legacy GGSNs:

EGAN Accesstype: It isappended by the UE GA-SM termination. It indicates to the Proxy-Gn that the MSis EGAN
capable and informs the Proxy-Gn about the access PDP context that isidentified by the request.

Anchor address (ANCHOR_ADDR): that container contains the | P address of the Proxy Gn on which the Anchor
PDP context has been created (wherever GPRS/UMTS or WLAN). It is appended by the Proxy-Gn upon the creation of
the Anchor PDP context within the PDP context creation response. The UE GA-SM termination is intended to store that
address and to append a ANCHOR_ADDR container for each subsequent request related to that PDP address. The UE
GA-SM termination removes that address upon the deletion of the last PDP context related to that PDP address.

Master Termination (MASTER_REQ): the usage of this container is related to the mobility. It indicates to the Prox-
Gn that the request comes from the M S. That container is present in modify PDP context request initiated by UE GA-
SM termination during a handover procedure. By the way it indicates to the Anchor PDP context the corresponding
Access Termination is becoming MASTER.
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GPRS stack behaviour when the user isin GAN mode

As described above, since the MA-SM islocated above the EGAN access mode switch, which again is located above
GA-SM and GPRS-SM, al the GPRS related procedures are not impacted and performed as they are performed for
GPRS mode, even when the user isin GAN mode. Especialy, since the MA-SM only deals with the session
management, all the GMM procedures are performed while the user isin GAN mode. However, since MA-SM and
EGAN access mode switch performs the switching of the user traffic path (MA-SM decides which access to be used
and eGAN switch actually performs the switching) and al the user traffic passes through either one of the accesses, the
GMM procedure is done in the background and has no impact to the user session when the user isin GAN mode. This
includes the periodic RAU, too. This may keep the user attached to the GPRS as long as the timer is not expired, and
makes the hand-back to GPRS very fast and seamless since no GMM or SM messages may be needed at the point of
hand-back (e.g. if each PDP Context activated in eGAN mode has also been activated viathe GERAN/UTRAN radio
path prior to the hand-back). When the MA-SM layer decides that the GPRS side has the active PDP context for this
session it tellsthe EGAN access mode switch to start sending the user plane data to the GPRS layers (i.e. once the
necessary radio resources have been allocated as further discussed below). In case the user enters eGAN mode with
GPRS detached, and wants to perform GPRS attach later on, the MA-SM instructs the GPRS SM to activate the session
and GPRS SM ingtructs the MM layer to perform the attach procedure.

Note that the PDP context can be activated at the GERAN/UTRAN side immediately after it is activated at the eGAN
side. By doing this, when the user hands back to GERAN/UTRAN there is no real time need to activate PDP context.
MS will reguest the allocation of radio resources in the GERAN/UTRAN cell before the EGAN access mode switch can
redirect the data path to the GERAN/UTRAN stack.

As an implementation option, Enhanced Up solution supports the hibernation mode.

NOTE: The hibernation modeis not currently defined for GAN terminal operation and so the reference to this
mode here is merely intended to indicate than an M'S operating in e€GAN mode is able to completely shut
down its GERAN/UTRAN radio interface for an implementation specific period of time.

Anchor PDP Context states

Below are represented:
o the state of the Anchor PDP Context as seen from outside;
e the Access Termination states and substates;

e the Network Termination states and substates.
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Figure 7: EGAN state diagram

Termination states

ACTIVE:Inthe ACTIVE state, the Termination (Access type or Network type) knows the remote GTP-C endpoint (IP
address and a Teid). At least one PDP create procedure has been successfully processed between the Termination and
the remote endpoint.

ACTIVE Access termination sub-states
An Access Termination in the ACTIVE state may be in one of the following sub states: MASTER or SLAVE.

Thereisonly one MASTER Access Termination per Anchor PDP. When an Access Termination becomes MASTER,
the former MASTER Access Termination revertsto SLAVE role.

e MASTER (C-Plane and U-Plane ready):

The GGSN is configured with the parameters of the remote User Plane peer entity (1P address, TEID) i.e. the
user planeis ready to be used for transfer.

e SLAVE (C-Planeready):

The Access Termination knows the GTP-C endpoint but has not configured the GGSN with the GTP-U
endpoint parameters. The transition from SLAVE to MASTER is performed on an explicit request from the
MS (Create PDPor Update PDP with Master-Req IE). In some cases, it may be possible to have an implicit
transition from SLAVE to MASTER (e.g.: when the SGSN requests the PDP context deletion upon the
expiration of MS reachable timer).

ACTIVE Network Termination sub-states:
A Network Termination in the ACTIVE state may be in one of the following sub states.
e OPERATIONAL:

A MASTER access termination exists.
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e DEGRADED:

No Access termination is ACTIVE any more, but the MS is not the initiator (e.g.: a network failure on the
access side has been detected by the SGSN or GA-SM , and a delete PDP context has been triggered).The
user plane switching isimpossible. Nevertheless the Anchor PDP context is kept ACTIVE for agiven time
that should enable a re-connection of the handset. This maintains the |P address of the PDP context, and
enables to recover the on going sessions. Upon atimer expiration, if no create PDP context is received from
the SGSN or the GA-SM, the anchor PDP context is deleted.

INACTIVE: Inthe INACTIVE state, the Termination does not know any remote GTP-C endpoint. A transition from
the INACTIVE to ACTIVE state is dways triggered by an activate PDP context request initiated from the M S.

Anchor PDP states

INACTIVE: All the terminations of the anchor PDP are INACTIVE. The Proxy-Gn does not know the IMSI/NSAPI
identifier of the PDP. The only request that can be processed for such an Anchor PDP context is a create PDP context
request from a SGSN or a GA-SM. All other requests are rejected with an "unknown PDP" cause.

ACTIVE: The Proxy-Gn knows the IMSI/NSAPI identifier of the Anchor PDP context. The Network termination is
ACTIVE and an | P address has been alocated by the GGSN (Dynamic PDP).

Access Ter mination transitions

An Access Termination performs a transition from the INACTIVE to the ACTIVE-MASTER state upon the receipt of a
create PDP context (the MASTER role isimplicitly requested on create PDP context).

The transition from INACTIVE to ACTIVE at the Access Termination triggers the transition to OPERATIONAL at the
Network Termination, which initiates a create or update PDP context procedure (depending on the current state of the
Network Termination) with the GGSN with the user plane parameters of the MASTER Access Termination.

When a delete PDP context request is initiated by the GGSN (received on the Network Termination), al the
Terminations are deleted and the Anchor PDP context enters the INACTIVE state. During the transition, a delete PDP
context procedure isinitiated for each ACTIVE access Termination.

When a delete PDP context request is initiated by the MS on the ACTIVE-MASTER Access Termination, all the
Termination are deleted and the Anchor PDP context enters the INACTIVE state. During the transition, a delete PDP
context procedure is initiated on the Network Termination as well as on the other Access Termination when ACTIVE.

When the origin of the delete PDP context request received on the ACTIVE-MASTER Access Termination is not the
MS but either the SGSN or the EGANC, only the associated Access Termination is deleted (INACTIVE).

When a delete PDP context request is received on the ACTIVE-SLAVE Access Termination (initiated either by the MS
or the SGSN or the EGANC), only the associated Access Termination is deleted (INACTIVE).

An ACTIVE Access Termination with the MASTER role enters the SLAVE role because of another Access
Termination takes the MASTER role. While taking the SLAVE role a delete timer is started. Upon the timer expiration,
the Proxy-Gn initiates a delete PDP context to the remote end associated to the Access Termination. Then the Access
Termination entersthe INACTIVE state.

NOTE: Theintroduction of the timer permitsto avoid signalling overloading while MSis switching back and
forth between the GAN and UTRAN/GERAN.

An ACTIVE Access Termination with the SLAVE role enters MASTER upon receiving either a create PDP context or
an update PDP context request. Note that in the case of the update PDP context, the PCO should explicitly contain the
MASTER_REQ container.

When receiving an update PDP request without MASTER REQ container on an access termination in ACTIVE-
SLAVE state the request is processed locally; no procedure isinitiated on the Network Termination. When the Access
Termination is ACTIVE-MASTER, the update procedure isinitiated with the GGSN by using the Network
Termination.

ETSI



3GPP TR 43.902 version 12.0.0 Release 12 20 ETSI TR 143 902 V12.0.0 (2014-10)

Network Termination transition

A Network Termination performs atransition from the INACTIVE to the ACTIVE-OPERATIONAL state upon the
receipt of a create PDP context from a SGSN or a GA-SM:

e withan ANCHOR_ADDR container set to the IP address of that Proxy-Gn or without ANCHOR_ADDR
container; and

e withan IMSI/NSAPI identifier unknown from the Proxy-Gn.
A create PDP context procedure is initiated by the Network Termination with the GGSN.

An ACTIVE-OPERATIONNAL Network Termination enters the ACTIVE-DEGRADED state when al the access
Terminations are INACTIVE and atimer is started. If no access termination becomes ACTIVE-MASTER back, at
timer expiration the Network Termination becomes INACTIVE (it initiates a del ete procedure with the GGSN).

A Network Termination in the ACTIVE state entersthe INACTIVE state when receiving a PDP context delete request
from the GGSN. Thistriggers adeletion of all the ACTIVE Access Termination too.

An update of the Network termination is processed each time a PDP context update procedure is required with the
GGSN:

e Update onthe ACTIVE-MASTER Access Termination.
e The MASTER role switches to another Access Termination.

An update initiated by the GGSN triggers an update procedure on the current ACTIVE-MASTER termination if any.

5.1.1.3.2 PDP Context Activation /De-Activation

This subclause describes the PDP context related procedures for EGAN capable handset: PDP context activation, PDP
context de-activation and PDP context handover.

EGAN procedures do not require any change in existing SGSN and GGSN.

The MS EGAN Access Mode Switch is located at the unchanged "SMREG-SAP" interface specified in
3GPP TS 24.007 [9].

For each procedure, this section depicts:

o therole of the MS EGAN Access Mode Switch (application in MS), the GA-SM terminations (MS and
EGANC), and the Proxy-GN (EGANC);

¢ the usage of the different EGAN specific PCO containers (PCO IE aready existsin al 3GPP TS 24.008 SM
messages);

e therole of the Anchor PDP context and its associated Terminations (Proxy-Gn application): SGSN-Access-
Termination, GAN-Access-Termination, and Network-Termination, as shown in figure 8.
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a) PDP context activation on the GERAN/UTRAN side
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Figure 8: PDP context activation procedure on GERAN/UTRAN mode

The MSis GPRS attached and the application reguests the activation of a PDP context. It may have or not a
connectivity with the EGAN.

1. The MS application layer requests the activation of a PDP Context by sending SMREG-PDP-ACTIVATE-REQ
viathe unchanged SMREG-SAP interface.

2. The current Radio Accessin use being GERAN (or UTRAN); the MS EGAN Access Maode Switch forwards the
SMREG-PDP-ACTIVATE-REQ to the GSM/UMTS SM layer via unchanged SMREG-SAP interface.
This PDP context has not yet been activated on any access, and so:

e no"ANCHOR_ADDR container" is set in the Protocol Configuration Options (PCO) field;
e a"GERAN/UTRAN accesstype container” is set in the PCO field.

NOTE 1: If the MS Application does not provide any PCO in its request, the MS EGAN ACCESS MODE
SWITCH client creates one.

3. Sincethe GSM/UMTS SM layer is unchanged, it processes Activate PDP Context Request as defined in
3GPP TS 24.008 [4].

4. Since the SGSN is unchanged, it processes Activate PDP Context Request as defined in 3GPP TS 23.060 and
3GPP TS 29.060 [5].

NOTE 2: The APN resolution provides the SGSN with alist of |P addresses of Proxy-Gn function residing on
EGANC.

5. The Proxy-Gn receives the PDP context creation request without ANCHOR_ADDR container within the PCO
information.
Since the EGAN Access Type container is present, the Proxy-Gn creates an "Anchor PDP context" and among
others:

a It storesthe parameter related to the Gn signalling (IP address of SGSN and TEID for signalling), as well as
the source | P address of the received request, in GERAN/UTRAN Termination;

b. ItalocatesaTEID for GTP signalling for the Network Termination.

Then, it resolves the APN to find out a GGSN | P address, replaces the received | P address and the TEID for
GTP-C (signaling) with those of the Network Termination of the Anchor PDP context.

ETSI



3GPP TR 43.902 version 12.0.0 Release 12 22 ETSI TR 143 902 V12.0.0 (2014-10)
NOTE 3: ThelP addressand TEID for GTP-U (user plane) remain those provided by the SGSN since the Proxy-Gn
isnot involved in the User Plane.

6. Sincethe GGSN is unchanged, it processes Create PDP Context Request as defined in 3GPP TS 23.060 [6] and
3GPP TS 29.060 [5].

7. Upon receiving the Create PDP Context Response from the GGSN, the Proxy-Gn:

a. storesthe IP address and the TEID for GTP-C (signalling) of the GGSN in the Anchor PDP context Network
Termination;

b. returns Create PDP Context Response to the SGSN with the following modifications:
- it replacesthe control TEID and IP address of the GGSN by those of GERAN/UTRAN Termination;

- it creates a Protocol Configuration Options field or appends to the existing Protocol Configuration
Options field a ANCHOR_ADDR container set with Proxy-Gn | P address.

NOTE 4: The IP address and TEID for GTP-U are passed unchanged to the SGSN.

8. Since the SGSN is unchanged, it processes the Create PDP Context Response as defined in 3GPP TS 23.060 [6]
and 3GPP TS 29.060 [5].

9. Sincethe MS GSM/UMTS SM layer is unchanged, it processes the Activate PDP Context Response as defined
in 3GPP TS 24.008 and sends SMREG-PDP-ACTIVATE-REQ via the unchanged SMREG-SAP interface to the
EGAN Access Mode Switch.

10. The MS EGAN Access Mode Switch stores the address of the Proxy-Gn anchoring that PDP context (received in
the PCO), and sets PDP context to ACTIVE on the GERAN/UTRAN side. The MS EGAN Access Mode Switch
confirms the PDP Context Activation to the MS Application via unchanged SMREG-SAP as specified in
3GPP TS 24.007 [9].

b) PDP context activation on the EGAN side
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Figure 9: PDP context activation procedure in EGAN mode

The M S has successfully performed its registration with the GAN and the application requests the activation of a PDP
context. It may or may not be GPRS-attached.

1. The MS application layer requests the activation of a PDP Context by sending SMREG-PDP-ACTIVATE-REQ
viathe unchanged SMREG-SAP interface.
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2. The current Radio Accessin useis GAN, therefore the MS EGAN Access Mode Switch forwards the SMREG-
PDP-ACTIVATE-REQ to GA-SM layer via the unchanged SMREG-SAP interface.
This PDP context has not yet been activated on any access, and so:

e no ANCHOR_ADDR container is set in the Protocol Configuration Options field;
e aEGAN accesstype container is set in the PCO field.

NOTE: If the MS Application does not provide any PCO in its requests, the MS EGAN Access Mode Switch
creates one.

3. Atunnel identity (e.9. GRE "key") isallocated by the MS GA-SM for user plane downlink traffic and provided
within the GA-SM-Activate-PDP-Context request that is sent to the serving EGANC.

4. Upon reception of GA-SM Activate PDP Context Request by the serving EGANC:

e The GA-SM layer performs User Authorization for that APN as defined in 3GPP TS 23.060 [6] (Note that it
uses the Subscriber Information Data downloaded at M S registration to perform APN authorization), selects
a"key" and an | P address for the tunnel (e.g. GRE) for the uplink traffic and records the key of the tunnel
(e.0. GRE) provided in GA-SM Activate PDP Context Request for the downlink traffic.

e Theloca Proxy-Gn layer detects that thereis no ANCHOR_ADDR container within the PCO information.
