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1. Introduction
This contribution raises the issue of separation between User Plane Entity (UPE) and Mobility Management Entity (MME), and of impacts of having a requirement of having a set of flex interface involving ENB, MME, and UPE.

2. Discussion

2.1. Analysis of flex MME/UPE interface

In [1], current assumption is that flex approach (i.e. many-to-many connectivity) should be supported at any interface composing EUTRAN / SAE. [2] also stressed this requirement and derives a flex behavior for ENB and AGW, that is similar to that involved between RNC and SGSN today, and where AGW is composed of one MME and one UPE. Having UPE and MME integrated in one single Access Gateway (AGW), the network architecture looks as : 
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Figure 1 – Iu-flex like architecture

However it was left open in [1] if MME and UPE would belong to one or separate nodes, though it was agreed that they should be treated as different entities. In case MME and UPE are separate nodes, and if flex should be supported between those nodes, the network architecture would rather look as follows :
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Figure 2 –Full Flex architecture
We understand that putting flex mechanism at the 3 interfaces MME/UPE, MME/ENB, UPE/ENB to its maximum extent, could bring some many special cases, e.g.

· One ENB may be connected to 2 MME, but other ENBs connected to one such MME might not all be connected to the other MME.

· One MME may be connected to 2 UPE, but other MMEs connected to one such UPE might not all be connected to the other UPE.

· One ENB may be connected to 2 UPE, but other ENBs connected to one such UPE might not all be connected to the other UPE.

From another viewpoint, this leads also to the following possibilities :

· ENB may be connected to some MME and UPE, which are not connected together.

· MME may be connected to some ENB and UPE, which are not connected together.

· UPE may be connected to some ENB and MME, which are not connected together.

However, there should always exist at least one pair of interconnected MME/UPE that should be connected to each ENB. Anyway, having this level of flexibility put some restrictions on the choice of MME and UPE pair that should be used for handling a given communication, and depending on network topology, the flex mechanism could still yield some single point of failure.

Flex approach assumes that UE in idle mode is made aware of which pair of MME/UPE holds the context, so that ENB can reach the corresponding nodes when UE triggers a tracking area update, starts a session or answers a paging request. [2] proposed that UE keeps identifier of AGW for that purpose. If ENB is not connected to MME/UPE pair, then ENB selects one available MME/UPE pair and lets the selected pair retrieve the user context from the old AGW-Id.

If UPE and MME now become separate nodes, and if the corresponding interface becomes flex, the problem becomes slightly different. ENB should be able to address each node separately, with distinct addresses. And there might be cases where ENB might be connected to the old MME, the old UPE, both or none, as shown below :
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Figure 3 - Different MME/UPE/UPE connectivity configurations
To cope with the issue, we envisage the following possibilities :

· Mode 1 
UE is kept informed only of MME-Id, and MME stores UPE-Id associated to the context. At the time of registration update, selected MME may reselect a UPE among those connected both to the selected MME and to the ENB.

· Mode 2
similar to mode 1, except that MME-UPE interface becomes a one-to-many instead of a many-to-many. Selected MME thus always reselects a new UPE for the user context. 

· Mode 3
UE is kept informed of both MME-Id and UPE-Id, instead of AGW-Id, and ENB reselects when needed MME and UPE autonomously, provided that ENB is aware of connectivity conditions between MME and UPE (e.g. by O&M).

· Mode 4
There is one fixed coupling between MME and UPE, the 2 forming one AGW. There is no ambiguity which UPE should be used when selecting one MME.

2.2. Pros and cons

Mode 1 is directly derived from the scheme proposed in [2]. It requires the MME to check if new ENB if effectively connected to the old UPE, in which case, UPE should MME should reselect UPE. This might bring long latency procedures, as well as load processing at MME level.

Mode 2 reduces the checking effort at MME level. If MME was newly selected, then MME can select UPE freely within its domain, knowing that new ENB is necessarily in sight of each of it served UPE. However, this mode puts some restriction on usage of UPE/MME, in contradiction of general requirement of having flex approach for EUTRAN/ECN.
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Figure 4 - Mode 2 : virtual Access Gateway formed by 1-to-many MME/UPE associations
Mode 3 is best in terms of latency and MME load processing reduction, since UPE choice and association is made by decentralised ENB. However, in order to avoid lengthy negotiation with MME, this mode requires that ENB knows about MME/UPE connectivity conditions. It also requires that UE stores 2 node identifiers (MME-Id and UPE-Id) instead of one (AGW-Id)

3. Conclusion
Various combinations of MME/UPE were investigated, and we recommend that either some decision should be taken with respect to the physical location of MME/UPE within one unique node (AGW), or that flex mechanisms be designed directly to support inter-UPE as well as inter-MME mobility independently. Otherwise, the selected flex mechanism based on AGW-ENB interface would put some significant restriction on possibilities to move to separate MME/UPE in the future.
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