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1 Introduction
A number of signalling charts have been added to annex H at the last SA2 meeting on different approaches regarding the split of MME and UPE, providing input to the comparison of the alternatives. While comparing the signalling charts is certainly beneficial in the decision, we must not believe that the selection of the alternative which seems the simplest from the signalling point of view is necessarily the best also from the overall architectural point of view. For this reason, we propose to document not only the signalling charts, but also the overall gains and motivations for the different alternatives. 
2 Gains of MME-UPE split
See [1] for a discussion on the benefits of standardizing an open interface between MME and UPE. The main advantages are repeated here for convenience: 

· It provides better flexibility in designing, sourcing and deploying the network.

· It provides better performance due to independent MME and UPE scalability, independent CP and UP handling, improved load sharing options, and independent design and product evolution.
· It allows reduction of UP latency without restricting the placement of the CP functionality (similar to the GPRS One Tunnel approach).
· It allows implementations with SAE and pre-SAE inter-working with co-located entities (e.g. MME and SGSN), resulting in reduced implementation effort and performance improvements.

· It expands the options in providing redundancy, failure and recovery management in the network.
· In addition, UPE selection is independent of MME selection: in line with the separation, the selection of the MME in the eNodeB does not require information on future bearers, which is not available in eNodeB at the Attachment time. The eNodeB can select the MME in an efficient way but need not select a UPE. The MME can select a UPE for the UE to establish a default bearer according to bearer related information (such as the accessed PDNs, and the proximity to an eNodeB).
· Additionally, the split of MME and UPE allows the UPE nodes to also be pooled independently from the MME, and be selected based on an intelligent selection scheme taking into account topology, characteristics and configuration criteria.

3 Guiding principles on MME-UPE split
There are many ways to achieve a split of the MME and UPE. Besides discussing the details of the procedures with pros and cons one by one, it is equally important to follow clear architectural guidelines in distributing the functionality between MME and UPE, in order to achieve a clear, consistent and simple SAE architecture which is cost-effective for both existing and possible new operators. 
We propose to apply the following guiding principles in the SAE architecture with split MME and UPE in order to foster simplicity and consistency:
· Control functions in the UPE are minimized. Only the control interfaces and functions that are relevant for UP handling are in the UPE; while the rest of the control functions are implemented in the MME. This principle helps to make the split of MME and UPE clear, and facilitates the development of efficient user plane nodes. 
· Only one SAE entity (i.e., the MME) terminates NAS signalling to and from the UE. This restriction makes the UE context handling simpler.
· Only the S1a (eNodeB-MME) interface is used for session management control signalling in S1. This can be regarded as an application of the previous principles. 
· Harmonize with 2G/3G and OTS procedures where applicable. This not only makes the system simpler, but also decreases the costs of the operator by making implementation, testing and maintenance quicker. In particular, the procedures for Iu-flex should be re-used for the S1-flex solution, and session/bearer management signalling should be also re-used as appropriate. 
· Enable efficient deployment scenarios. In particular, the architecture should allow the MME nodes to be pooled, while the UPE nodes should be allowed to be distributed geographically close to the eNodeB to enable efficient packet transport. In the non-roaming scenario, only one UPE node could be used. 
4 References
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5 Proposal

It is proposed to document the above in annex H as follows.
Annex H: Analysis of combined or separated MME and UPE alternatives
This annex considers 


the following alternatives showing the differences between alternative functional allocation to MME and UPE and whether the MME and UPE are grouped or separated with an open interface:

A. Combined MME/UPE.

B. Separate MME and UPE with control signalling mostly via the MME, and session and context management in MME.

C. Separate MME and UPE with control signalling via the MME or the UPE, and session and context management only in UPE.

The following high-level advantages are expected from the split of MME and UPE: 

· It provides better flexibility in designing, sourcing and deploying the network.

· It provides better performance due to independent MME and UPE scalability, independent CP and UP handling, improved load sharing options, and independent design and product evolution.
· It allows reduction of UP latency without restricting the placement of the CP functionality (similar to the GPRS One Tunnel approach).
· It allows implementations with SAE and pre-SAE inter-working with co-located entities (e.g. MME and SGSN), resulting in reduced implementation effort and performance improvements.

· It expands the options in providing redundancy, failure and recovery management in the network.
· In addition, UPE selection is independent of MME selection: in line with the separation, the selection of the MME in the eNodeB does not require information on future bearers, which is not available in eNodeB at the Attachment time. The eNodeB can select the MME in an efficient way but need not select a UPE. The MME can select a UPE for the UE to establish a default bearer according to bearer related information (such as the accessed PDNs, and the proximity to an eNodeB).
· Additionally, the split of MME and UPE allows the UPE nodes to also be pooled independently from the MME, and be selected based on an intelligent selection scheme taking into account topology, characteristics and configuration criteria.
The following high-level design guidelines motivate alternative B:
· Control functions in the UPE  are minimized. Only the control interfaces and functions that are relevant for UP handling are in the UPE; while the rest of the control functions are implemented in the MME. This principle helps to make the split of MME and UPE clear, and facilitates the development of efficient user plane nodes. 
· Only one SAE entity (i.e., the MME) terminates NAS signalling to and from the UE. This restriction makes the UE context handling simpler.
· Only the S1a (eNodeB-MME) interface is used for session management control signalling in S1. This can be regarded as an application of the previous principles. 
· Harmonize with 2G/3G and OTS procedures where applicable. This not only makes the system simpler, but also decreases the costs of the operator by making implementation, testing and maintenance quicker. In particular, the procedures for Iu-flex should be re-used for the S1-flex solution, and session/bearer management signalling should be also re-used as appropriate. 
· Enable efficient deployment scenarios. In particular, the architecture should allow the MME nodes to be pooled, while the UPE nodes should be allowed to be distributed geographically close to the eNodeB to enable efficient packet transport. In the non-roaming scenario, only one UPE node could be used. 
H1: Signalling charts for combined or separated MME and UPE alternatives

In the following, this Annex presents information flows of SAE procedures that demonstrate the differences between the alternatives.
Editor’s note: These information flows are work-in-progress and details and principles need to be clarified for each alternative for performing the final comparison and decision.

The information flows presented here only serve as illustrations of the principal differences between the proposed alternatives to support the comparison and selection of specific functional grouping and allocation of functions to functional entities. The information flows need to provide sufficient level of details to enable identification of main differences and thereby identifying the questions that need to be answered. It is not intended to develop the final information flows in this annex.

For alternative A, the flows are adopted from the related key issue solution descriptions of this document where the MME/UPE is shown as a combined entity. Therefore they may lack details and may not be completely according to the views of the companies supporting alternative A.

The following non-exhaustive list of procedures are described, and other procedures can be added later on:

1. Attach including default bearer handling

2. TA Update without MME or UPE change
Note: Procedure has not been proposed for alternative A.

3. Inter eNB Handover in LTE_ACTIVE mode (intra MME and intra UPE)
Note: Various other procedures have been proposed where the MME and/or UPE are also relocated, but they are not shown here in order to simplify the discussions.
4. Inter 3GPP Handover between pre-SAE/LTE and SAE/LTE accesses in LTE_ACTIVE mode
Note: Procedures have not been proposed for alternatives B and C. Several procedures have been proposed for alternative A.
5. Paging and Service Request
6. Establishment of Dedicated Bearers
Note: Only the main preferred signalling chart is shown for each alternative, although further procedures may also be supported.

7. Inter MME and/or inter UPE change, including support for service continuity
Note: This procedure addresses an architecture requirement.
H2: Attach including default bearer handling
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