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1
Introduction

It was agreed in SA2#54 that companies would try to find agreement on the SAE architectures in offline discussions. Samsung proposed on the SA2 reflector to approach the issue from the point of view of different deployment scenarios and provided a template for describing the scenarios. Several alternatives have so far been proposed, each with a different assumption of which functional entities would be implemented into the deployed nodes. SA2 now needs to consider those proposals and decide how they should be reflected in the evolution of the 3GPP system architecture.
2
Discussion

2.1
MME/UPE in evolved RAN, SAE Anchor in EPC
This proposal by Qualcomm is a revolutionary approach where the IP awareness and Layer 3 IP QoS is brought all the way to eNodeB, and the eNodeB is connected to the GGSN-type and/or Home Agent-type anchor node. However, adoption of this proposal as the basis for SAE work would lead to a high risk of failing to specify a feasible architecture within a reasonable time, due to the need to solve e.g. the following issues:

· Each eNodeB would need to be dimensioned for the peak load.

· Mechanisms would need to be found to securely and efficiently operate, manage and upgrade the deployed eNodeBs.

· The eNodeBs would need to be connected to all necessary EPC entities such as SAE Anchors and HSSs, and this would require the standardization of additional entities.
· Interworking with pre-SAE/LTE accesses would require the standardization of additional, yet unknown, mechanisms and potentially result in further reference points and entities.
· Inter-LTE cell changes would results in TAU and signaling that would be directly visible to the EPC entities such as SAE Anchors and HSSs.

· If the SAE Anchors are assumed to rely on IP layer mobility mechanisms, the existing operator roaming agreements would need to be changed.
The above factors clearly show that this proposal should not be taken as the basis for further SAE work.

Regarding the movement of functionality to the eNodeB, security termination is identified as something that could be introduced later into the SAE architecture where the MME/UPE is in the EPC, and that might give some performance improvements. However, this was discussed already in SA2 and also studied thoroughly by SA3, where it was concluded that this is not currently feasible.
2.2
MME/UPE/3GPP Anchor and SAE Anchor
This proposal by Samsung and others presents scenarios that provide the operators with more options for the deployment of 3GPP and non-3GPP accesses in their networks, and also allows taking advantage of the different scalability and evolution of the different inter-AS mobility anchors. All these are valid reasons to seriously consider the resulting architecture, in particular the open interface between the anchors.

The architecture based on these scenarios would require considerable standardization effort in order to solve the coordination between the anchors, and the operators would need to re-negotiate roaming agreements to address the implicit change to non-GTP roaming protocol. The proposal also does not provide the benefits resulting from a separate MME.
However, the primary reason for not taking the architecture as the basis for further SAE work is that the listed architecture implications follow from the decision to align the 3GPP defined SAE/LTE architecture with non-3GPP defined access technologies and networks, and not vice versa. The purpose of 3GPP architecture evolution should be to specify a SAE/LTE system that provides an optimal evolution from the pre-SAE/LTE accesses, and to which the non-3GPP defined accesses can then adapt.
2.3
One node with all CP and UP functionality

This proposal by Siemens addresses the other shortcomings of the previous proposal, but still does not include a separate MME for which a long list of benefits have been presented. 

2.4
Separate MME and combined UP anchor node
This proposal by Nokia and Ericsson results in an architecture that allows the SAE architecture to be specified quickly by refining several core solutions that have been already established and proven in pre-SAE/LTE systems. This also results in the easiest migration path to a functioning SAE/LTE system where it is not necessary to significantly change the roaming agreements or extend the PCC infrastructure, but that allows such further evolution as seen necessary.
What is even more important is that this proposal results in the best overall architecture to fully utilize the LTE access that has been developed in the RAN working groups with the mindset to address the specific needs of the 3GPP community. Therefore, it is the best architecture to be used as the basis for further SAE work.
3
Conclusion
As discussed above, the scenario proposed by Nokia and Ericsson should be taken as the basis for further SAE work, because it has the most chances of producing a viable architecture that is optimized as an evolution of 3GPP access systems.
However, it is also important to allow for the evolution of the policy control mechanisms. Although the GTP provides the required QoS information to the nodes, the architecture can be enhanced by evolving the PCC infrastructure, whose results are also applicable to pre-SAE/LTE, separately from the SAE/LTE architecture.

The many advantages resulting from the separated inter-AS mobility anchors should also be recognized, because non-3GPP accesses can complement the global 3GPP accesses in many important aspects. The proposed scenario places all UP functionality in a single node, and this allows the non-3GPP interworking to be also decoupled from the SAE/LTE architecture as a major area of development that should receive sufficient resources to address the extension of the agreed SAE/LTE architecture towards e.g. the following non-3GPP interworking issues:

· Use of ePDG and/or aGW to SAE Anchor for providing connectivity with non-3GPP access NW.
· Coordination of mobility state and policy rules between 3GPP and SAE Anchors.
· Impacts of non-GTP based roaming on QoS information transfer and roaming agreements.
· Selection of mobility protocol(s) to support, i.e. MIPv4/v6, PMIP, NETLMM etc.
This proposed approach can be interpreted as two or more evolutionary phases:

1. The scenario proposed by Nokia and Ericsson is the first phase that produces a functioning SAE/LTE architecture.

2. The scenario proposed by Samsung and others is studied in the second phase as extensions to PCC and non-3GPP access handling, which require a bit more discussions and standardization. They are evolved in parallel and can be decoupled from the continued SAE work, but are at the same time aligned with the agreed SAE/LTE architecture.

3. As a potential later phase, and if significant support for such a requirement still exists, 3GPP could study the option to move more functionality towards the edge of the network, but at this point it is not yet feasible to dedicate 3GPP resources to such activity.

4
Proposal

It is proposed to adopt the approach described in the Conclusion chapter for further planning of the SAE work. This would allow the SAE/LTE specification work to proceed quickly due to the decoupling of work that are further away from the current mechanisms and require more study and inter-company agreements.

The below table identifies the reference points in the Evolved Packet Core where an open interface should be specified within the SAE continuation work, or should left for the “PCC” or “I-non-3GPP” work items.

	Type:

Reference point:
	Standardize
in “SAE”
	Resolve in
“I-non-3GPP”
	Resolve in “PCC”
	Comments

	S1-MME (eNodeB-MME)
	Non-roaming
	-
	-
	

	S1-UPE (eNodeB-UPE)
	Non-roaming
	-
	-
	

	S2a
(SAE Anchor-Non3GPP AS)
	-
	X
	-
	Non-GTP connectivity and roaming resolved outside SAE work

	S2b (SAE Anchor-ePDG)
	-
	X
	-
	Non-GTP connectivity and roaming resolved outside SAE work

	S3 (SGSN-MME)
	X
	-
	-
	

	S3x (SGSN-UPE)
	-
	-
	-
	No interface of any kind

	S4 (SGSN-3GPP Anchor)
	X
	-
	-
	

	S4x (GGSN-SAE Anchor)
	-
	X
	-
	

	S4y (GGSN-MME)
	-
	-
	-
	No interface of any kind

	S4z (GGSN-3GPP Anchor)
	-
	-
	-
	GGSN within 3GPP Anchor

	S5 (UPE-3GPP Anchor)
	Non-Roaming
	-
	-
	For UPE relocation/change; contains S10b after relocation

	S5x (UPE-UPE)
	-
	-
	-
	UPE active mode relocation can be supported without this reference point

	S8
(v3GPP Anchor-3GPP Anchor)
	Roaming
	
	
	Roaming interface between 3GPP Anchors; use as non-roaming interface optional

	S8x
(v3GPP Anchor-SAE  Anchor)
	-
	X
	-
	Non-GTP roaming resolved outside SAE work

	S8y
(SAE Anchor-SAE Anchor)
	-
	X
	-
	Non-GTP roaming resolved outside SAE work

	S7 (PCRF-PCEF)
	-
	X
	X
	Whether separate S7a/S7b are needed depends on S8

	S9 (PCRF-PCRF)
	-
	-
	X
	Not mandatory for QoS; inter-operator service/policy control resolved outside SAE work

	S10a (MME-UPE)
	Non-roaming
	-
	-
	Part of a single S10

	S10b (MME-3GPP Anchor)
	Non-roaming
	-
	-
	Part of a single S10

	S10x (MME-SAE Anchor)
	-
	-
	-
	No interface of any kind

	S11 (MME-MME)
	X
	-
	-
	For MME relocation/ change if needed


Table 1: EPC reference points to be standardized in SAE continuation work, or resolved elsewhere
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