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1
Introduction

Working assumptions established for S3 and S4 determine the 3GPP access part of the SAE architecture to certain extent. Open remains the functionality of S5 and S8 that are needed to describe the whole path above RAN from UPE to SGi and thereby the end-to-end SAE bearer service with related PCC support.

This paper describes a number of potential scenarios to derive characteristics expected from S5 and S8. Based on such characteristics, a proposal is made for S5 and S8. It becomes obvious when looking at the scenarios that in order to optimize the performance of the SAE architecture and the effort needed during standardization, only two of the six scenarios should be supported.
The Evolved Packet Core is shown in the figures with the MME as a separate entity, and the other four entities being either parts of a single entity called SAE GW, or separated with an open interface S5b into two entities 3GPP GW (containing the UPE and the 3GPP Anchor) and SAE Anchor. Because the S5 and S8 are based on GTP, the figures don’t show non-3GPP accesses. For the same reason, the relationship of SAE Anchor and the S5b reference point with the 3GPP access functionality is generally out of scope for this contribution.
2 Descriptions of scenarios
2.1 Intra LTE Mobility
In this scenario, the UPE function of one SAE GW is connected to the 3GPP Anchor function of another SAE GW with the S8 reference point. The MME is connected to the UPE and the 3GPP Anchor. UPE relocation is not needed in active mode, although MME can be relocated.
Anchoring intra LTE mobility in the LTE specific UPE function of the SAE GW provides optimal location for LTE functions in the roaming case. The intra LTE mobility can support cases where no eNB-eNB interface exists, or if there is a topologically better located UPE. In both cases the UPE can be changed when the UE is in idle mode by updating the GTP user plane tunnel over the S8 reference point with GTP control signaling over the S10 reference point.
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2.2 Coordinated Inter MME and UPE Relocation
This scenario is similar to the Intra LTE Mobility, but requires additional reference point between the UPE function of the first SAE GW to a second UPE function of another SAE GW, in addition to both of these UPEs being connected to a 3GPP Anchor of the third SAE GW. Additionally, the UPE relocation is coordinated with an MME relocation and therefore an additional reference point is needed between two MMEs in order to support the UPE relocation. This combination assumes functional compatibility with the change between SG/3G SGSN and UPE, i.e. UPE and MME together are behaving similar to SGSN in active and idle mode mobility.
In addition to the benefits presented for the intra LTE mobility scenario, an interface between two UPEs provides enhanced performance for handovers between two PLMNs in the roaming case. The coordinated relocation of both UPE and MME can support cases where there is no full mesh between all NBs and MMEs/UPEs. Additional reference points are required as follows: SXa between two UPEs, S3b between SGSN and UPE, and S5z between two MMEs. Even considering that some of the entities may be co-located (e.g. UPE and 3GPP Anchor in a SAE GW), the functionality represented by the each of the reference points described here needs to be specified separately.
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2.3 Roaming in SAE/pre-SAE VPLMN with home routed traffic
This scenario is also similar to the Intra LTE Mobility, but involves support for roaming in pre-SAE 3GPP access systems using an additional reference point between the SGSN in VPLMN and the 3GPP Anchor function of the SAE GW in the HPLMN. Additionally, the UPE and SGSN have reference points to the same MME.
Having the 3GPP anchor in the HPLMN offers IP PoA for accessing home services. Changing the PoA would require additional functionality, such as MIP. Negotiating PCC rules between HPLMN and VPLMN can be avoided. Separating the control plane from MME to UPE in VPLMN on one hand and to 3GPP Anchor in HPLMN on the other hand keeps the UPE simpler and allows alignment between intra LTE and intra 3GPP mobility solutions, and between non-roaming and roaming cases. The additional reference point compared to intra LTE mobility scenario is S4 between SGSN and 3GPP Anchor, which can be aligned with S8 (which is between UPE and 3GPP Anchor) because improved control over the roaming subscriber can be performed using the S10 reference point. The S4 with a pre-SAE VPLMN can be similar in roaming and non-roaming cases, in which case the home 3GPP Anchor offers GGSN functionality to the visited SGSN. The S3 between SGSN and MME can be aligned with the reference point between two MMEs (used for MME relocation) because both of them are only used for control plane purposes.

[image: image3.emf] 

Evolved Packet Core  

SAE  GW  

S4  

S1b  

S1a  

S 5d  

HSS  

S6a  

S 10  

VPLMN  

HPLMN  

S 8  

SGi  

UPE   3GPP   Anchor   SAE   Anchor  

    SAE  GW  

UPE   3GPP   Anchor   SAE   Anchor  

S7  

MME  

MME  

Evolved  RAN  

Op.   IP    Serv.    (IMS,    PSS,    etc…)  

Rx+  

GERAN  

UTRAN  

Gb  

Iu  

S3  

PCRF  

* Color coding:   red  indicates new functional element / interf ace  

SGSN  

GPRS Core  


2.4 Roaming in SAE/pre-SAE VPLMN with home routed traffic to pre-SAE HPLMN
This scenario is similar to the first roaming scenario, but assumes that the UE is accessing home services using the visited GGSN roaming model instead of the home GGSN roaming model. This requires an additional reference point between the 3GPP Anchor function of the SAE GW in the VPLMN and the GGSN in the HPLMN. The MME in VPLMN is only connected to the 3GPP Anchor in the VPLMN, and not to the GGSN in the HPLMN.

This scenario could be used for migration purposes. It would allow an operator to support roaming subscribers with LTE-only UEs or in LTE-only VPLMNs without upgrading its network (i.e. continue using pre-SAE GGSN). In other cases the UEs can use pre-SAE access in the VPLMN. The service limitations depend on the supported 3GPP release of the GGSN, affecting e.g. the number and/or characteristics of PDP contexts, and use of non-3GPP accesses. Interoperability with Rel-7 GGSN may also place further constraints to SAE specifications.
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2.5 Pre-SAE GGSN as the SAE 3GPP Anchor
This scenario is similar to Coordinated Inter MME and UPE Relocation, but the UPEs and MMEs are connected to a pre-SAE GGSN instead of a 3GPP Anchor. This requires support for pre-SAE reference points in the UPE and MME, or the alignment of the SAE reference points to the pre-SAE reference points, e.g. for Rel-7.

This scenario could be used for migration purposes. It would allow an operator to support subscribers with LTE-only UEs or in LTE-only VPLMNs without upgrading part of its network (i.e. continue using pre-SAE GGSN). In other cases the UEs can use pre-SAE access. The service limitations depend on the supported 3GPP release of the GGSN, affecting e.g. the number and/or characteristics of PDP contexts, and use of non-3GPP accesses. Interoperability with Rel-7 GGSN may also place further constraints to SAE specifications.
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2.6 IP connectivity with multiple PDNs
This scenario is also similar to the Intra LTE Mobility, but involves additional 3GPP Anchors on the user data path after the UPE and first 3GPP Anchor. This requires an additional reference point between the 3GPP Anchor functions and the coordination between them by the MME.

This scenario would allow restricting connectivity to a particular PDN to be possible only through a specific SAE GW in case the PDN does not operate VPN GWs. It would also allow distribution of the load resulting from traffic to a PDN according to the network topology. Additional reference points would need to be specified for idle and active mode UEs on the basis of the GTP user plane tunnel of S8, with corresponding new interface on the basis of GTP control signaling on S10 reference point.
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3 Conclusion / Proposal
The scenarios identify characteristics in the different scenarios where the amount of variants for S5 and S8 can be minimized, and which also allow alignment of S5 and S8 with S4 to avoid different mechanisms or functions for the different scenarios where the 3GPP Anchor is involved. This provides required flexibility for the different 3GPP mobility, roaming, pre-SAE-interoperability and migration scenarios with a reasonable set of functionality, thereby avoiding complexity that may be caused by different sets of functionalities for different scenarios.
The scenarios with these favourable characteristics are:
· Intra LTE mobility
· Roaming in SAE/pre-SAE VPLMN with home routed traffic
The scenarios where the characteristics do not provide the listed advantages:

· Inter MME and UPE mobility
· Roaming in SAE/pre-SAE VPLMN with home routed traffic to pre-SAE HPLMN
· Pre-SAE GGSN as the SAE 3GPP Anchor
· IP connectivity with multiple PDNs
In addition it can be derived from 3GPP mobility scenarios that it is advantageous for the reference point between two MMEs becoming functionally compatible with S3. Thereby SAE-SAE and SAE-2G/3G handover are becoming functionally comparable, which limits complexity of the overall system.

The conclusion is that the S5 and S8 reference points in SAE architecture should be specified according to the two scenarios in the first of the above lists.

The four scenarios in the second list would require specification of new interfaces (e.g. UPE-UPE, SGSN-UPE, 3GPP Anchor-3GPP Anchor) or require the SAE interfaces to be inter-changeable with pre-SAE interfaces (e.g. UPE-3GPP Anchor with SGSN-GGSN due to migration scenario with UPE-GGSN) without providing any significant advantages.
It is proposed to incorporate this conclusion as part of architecture study of TR 23.882.
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