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1. Introduction
This paper proposes the general roaming architecture for the SAE based on the agreed high-level architecture.  Since any particular protocol has been decided for the new interfaces (S1 through S7), the roaming architecture proposed in this paper is also very generic and does not specify any protocols.
The roaming architectures are based on the agreed architecture for SAE.  This architecture is shown in Figure 1 for reference.
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Figure 1 High level architecture for the evolved system
2. Suggested roaming architectures
2.1 SAE/LTE VPLMN, pre-SAE/LTE HPLMN
Figure 2 shows the roaming architecture where the VPLMN supports SAE/LTE and the HPLMN is based on the pre-SAE/LTE system.  The GPRS core is shown as one bubble, as represented by the non-roaming architecture.  
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Figure 2 SAE/LTE VPLMN, pre-SAE/LTE HPLMN roaming architecture
There are several traffic paths based on the IP point of connectivity, i.e. home or visited, and GGSN or Inter AS anchor.  Since the detailed traffic route between GPRS core and the Evolved packet core has not been decided (i.e. if the traffic flows through S3 and S5, or through S4), both the S3 and S4 are shown for roaming cases, too.  However, the notation of S3’ and S4’ is used to indicate the roaming interface. 
Figure 3 shows the example traffic path when the IP PoC is located at the home GGSN.  This happens when the service is provided by the home network.  If the user is accessing GERAN or UTRAN at the visited network, the traffic is routed to the home GGSN according to the GPRS specification.  If the user is accessing evolved RAN, then the traffic path is routed to the GGSN through the visited evolved packet core.  It is TBD if the traffic is routed directly from the MME/UPE to the GPRS core or from the Inter AS anchor to the GPRS core.  
Figure 4 shows the traffic path when the IP PoC is located at the visited GGSN.  This happens when the service is provided by the visited network and the GGSN has been selected as the IP PoC.  If the policy is to route any SAE user traffic to the evolved packet core, this traffic flow may not happen.  However, this example is shown here to provide the example case where the operators choose to use the GGSN as IP PoC for any reasons.  As shown in the figure, when the user is accessing the evolved RAN, the traffic will be routed to the GGSN in this case.  It is TBD if the traffic is routed from Inter AS Anchor to the GPRS core or from the MME/UPE to the GPRS core when the user is accessing the evolved RAN.
Figure 5 shows the traffic path when the IP PoC is located at the visited Inter AS Anchor. This happens when the service is provided by the visited network and the Inter AS Anchor has been selected as the IP PoC.
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Figure 3 IP PoC at home GGSN
[image: image4.wmf]S3

S4

Gb

Iu

GPRS Core

GERAN

UTRAN

Evolved Packet Core

S1

S5

Evolved RAN

MME

UPE

Inter AS

Anchor

OP. IP

Service

(IMS,

PSS,

Etc..)

HSS

GPRS Core

Gp

Gr

Gi

Gi

S4

’

Internet

Gi

Gi

Visited Network

Home Network

PCRF

IP 

PoC

:

Visited GGSN

PDF/CRF

Gx

/Go

S3

’


Figure 4 IP PoC at visited GGSN
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Figure 5 IP PoC at visited Inter AS Anchor
2.2 Pre-SAE/LTE VPLMN, SAE/LTE HPLMN
This is the case where the user’s home network supports SAE/LTE while the visited network does not support SAE/LTE.  Since the visited network does not support SAE/LTE, the access network that the user is accessing will be always GERAN/UTRAN.  Figure 6 shows the roaming architecture in this case.
[image: image6.wmf]S4

Gb

Iu

GPRS Core

GERAN

UTRAN

Evolved Packet Core

S5

MME

UPE

Inter AS

Anchor

Gp

Gr

Gi

Gi

Gi

Gi

Visited Network

Home Network

S3

’

S4

’

Internet

OP. IP

Service

(IMS,

PSS,

Etc..)

GPRS Core

Internet

Gi

S6

HSS

PCRF

S7


Figure 6 Pre-SAE/LTE VPLMN, SAE/LTE HPLMN roaming architecture
As with the previous section, the traffic paths can be different according to the IP point of connectivity.  The IP PoC will be decided according to the policies, e.g. the local breakout availability, the default node for SAE users, etc.  Figure 7 shows the different traffic paths according to the IP PoC.  If the IP PoC is the visited GGSN (the green case) to support the local breakout, all the calls will be routed directly from the visited GGSN.  If the IP PoC is the home GGSN (blue case), the traffic will be carried from the visited GPRS core (i.e. SGSN) to the home GPRS core (i.e. GGSN) through Gp interface.  This is according to the current GPRS procedures.  If the IP PoC is the home Inter AS Anchor (red case), the traffic will be routed from the visited GPRS core to the home Inter AS Anchor.  It is TBD is the traffic path is setup directly from GPRS core to the Inter AS anchor or through MME/UPE.  Furthermore, the notation of S3’ and S4’ is used to indicate the roaming case.
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Figure 7 Different traffic paths based on the IP PoC
2.3 SAE/LTE VPLMN, SAE/LTE HPLMN 

This is the case when both the home network and the visited network support SAE/LTE.  There will be many choices that the operators can choose and the traffic paths will be different based on the location of the selected IP PoC.  
Figure 8 shows the roaming architecture with both visited network and home network supporting SAE/LTE.  This picture shows many interfaces since the roles and limits of the interfaces S3 and S4 have not been defined concretely yet.  Also the picture shows the interface S5’, which represents the roaming interface between the MME/UPE and the Inter AS Anchor.  There is also a new interface S8 to connect the two Inter AS Anchors.  It is TBD whether S5’ or the S8 is supported.
Figure 9 shows the traffic path when the IP PoC is located at the home GGSN.  The traffic path is the same as the case of the SAE/LTE VPLMN and pre-SAE/LTE HPLMN.  For the simplicity of the picture, the S3’ interface between the visited MME/UPE and the home GPRS core is not shown in the picture, it does not exclude the possibility that the traffic can be carried through visited MME/UPE to the home GPRS core.
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Figure 8 SAE/LTE VPLMN and HPLMN roaming architecture
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Figure 9 IP PoC at home GGSN
Figure 10 shows the case where the IP PoC is located at the home Inter AS Anchor.  The traffic path from the visited GPRS core to the home evolved core is the same as the other cases.  For the traffic path from the visited evolved core to the home evolved core, the new interfaces have been defined.  According to how the traffic is carried, the S5’ (the roaming interface for the S5) will be used to carry the traffic from the visited MME/UPE to the evolved Inter AS Anchor, or the S8 will be used to carry the traffic from the visited Inter AS anchor to the home Inter AS Anchor.  It is TBD how the traffic is to be routed.
[image: image10.wmf]S3

S4

Gb

Iu

GPRS Core

GERAN

UTRAN

Evolved Packet Core

S5

MME

UPE

Inter AS

Anchor

Gp

Gr

Gi

Gi

Gi

Gi

Visited Network

Home Network

S3

’

S4

’

OP. IP

Service

(IMS,

PSS,

Etc..)

GPRS Core

Internet

Gi

S6

HSS

Evolved Packet Core

S1

S5

Evolved RAN

MME

UPE

Inter AS

Anchor

S3

S4

IP 

PoC

:

Home Inter 

AS Anchor

PCRF

S7

S5

’

S8


Figure 10 IP PoC at the home Inter AS Anchor
Figure 11 shows the case where the IP PoC is located at the visited Inter AS Anchor.  
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Figure 11 IP PoC at the visited Inter AS Anchor
3. Conclusions and Proposal

This paper described the possible roaming architecture for the SAE.  According to the final agreement of the roaming architecture, there may be several interfaces to support the roaming based on the currently defined interfaces (i.e. S3’, S4’, and S5’) and one new interface (S8) for Inter AS Anchor connection.  
It is proposed to use these architectures and considerations in further discussion on SAE roaming architectures.
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