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Introduction

One area where the handling of control plane and user plane affects the evolved architecture is in the role of the MME and UPE. The MME and UPE are presented in many key issue figures and descriptions as one entity, with the note that they may also be separate entities. This contribution proposes to separate the MME and UPE, and define an open interface between the two.
Discussion

Currently, as specified in chapter 7.11, the MME and UPE contain evolved packet core functions such as packet routing and forwarding, UE control plane context management, mobility management, authentication, authorization and key management. These functions are overall divided between the entities such that the UPE contains user plane functions, whereas the MME contains control plane functions.
A control plane entity taking care of control plane UE context, mobility (UE/user identities, UE mobility state), and security management has different functional requirements than a user plane entity taking care of user plane UE contexts, data forwarding, and lawful interception of user plane traffic. Due to the different requirements, it is useful to assess whether the MME and UPE should actually be standardized as separate entities.
Support of control plane and user plane separation gives several benefits:
· The MME and UPE have different functional, load balancing, and scalability requirements. The MME is a control plane element that scales according to the number of subscribers and the number of actions associated with the subscriber, whereas the UPE is a user plane entity that scales according to the amount of data traffic.
· The separation makes it possible to optimize user traffic further according to operator choices. The user plane entities can be located independently from their control entities, which allows the operator to save bandwidth, reduce latency, avoid single points of failure and achieve optimised locations for user plane traffic – resulting also in faster load re-balancing as the user plane need not be changed when control plane changes. It could also allow UPE to be located in corporate premises while the MME remains in operator premises.
· A control plane entity need not be located next to a user plane entity. Functions such as user management and operation are much easier to perform if the control plane devices are centralized.

· The separation of MME and UPE with an open interface between them enables multi-vendor architecture and independent evolution steps for the UPE and the MME.

· The MME and UPE can be deployed and co-located as deemed necessary, based on migration needs and cost calculations. For example, a UPE could be co-located with a GGSN to avoid change of IP gateway in 3GPP handovers, or MME could be co-located with SGSN to reduce signalling in idle mode.
· Connectivity to multiple PDNs could be provided using more than one user plane IP gateway, while allowing a single control point in the core network to select among them.
· In addition to the Multi-Operator Core Network (MOCN) configuration for network sharing, the separation potentially allows each operator to have their own UPE while sharing the MME with other operators. The separation would also support MVNO operating model.
There are also drawbacks due to the required interface between the MME and the UPE:
· The open interface between the MME and the UPE requires design and standardization effort.

· The amount of signalling within the evolved packet core is increased.
Previously it has been already agreed (mentioned in section 7.7.2 and described in more detail in section 7.16) that the LTE Access System consists of distributed MMEs utilising network redundancy and load sharing mechanisms (e.g. similar to Iu-flex). In order to support the control plane and user plane separation with distributed MMEs, it is necessary to use the following selection mechanism to the LTE Access System:

1. At initial access to the system (e.g. after PLMN reselection), a process (exact details are FFS) is used by the LTE RAN to select an MME. The LTE RAN then routes signalling messages to this MME during the initial access. The signalling exchange between the UE and the MME results in the UE storing information about the MME's identity. At subsequent accesses, the UE supplies the information about the MME's identity to the LTE RAN, and the LTE RAN uses it to connect to the MME.
2. The MME selects a UPE in order to establish a bearer for the UE.
The relationship between the MME and UPE can be many-to-many.
Conclusion

As seen from the list of advantages presented above, it is necessary to separate the MME and UPE in order to achieve a really scalable system architecture that allows the operator to optimize the system composition, topology and capacity. An open interface also needs to be defined between the two.
Proposal
The following changes are proposed to section 7.11.2:
**** Start of 1st set of changes ****

7.11.2.2
Criteria for evaluation of the alternatives
In order to achieve a scalable system architecture that allows the operator to optimize the system composition, topology and capacity, the proposed alternatives for grouping of the evolved packet core functions shall need to comply with the following criteria. These criteria do not mandate a particular solution for other key issues, but instead ensure that the alternatives don’t preclude solutions to the other key issues:
· The grouping shall allow for the different scalability of the control plane according to the number of subscribers and the number of actions associated with the subscriber, and the user plane according to the amount of data traffic.

· The grouping shall allow the operator to save bandwidth, reduce latency, avoid single points of failure and achieve optimised locations for user plane traffic by placing the user plane entities independently of their control entities.
· The grouping shall allow for the centralization of control plane functions in order to make it easier to perform user management and operation, without requiring the centralization of the user plane functions.

· The grouping shall allow for a multi-vendor architecture where the evolved packet core entities that can be separated are connected by open interfaces.
· The grouping shall allow for the independently evolution of the UPE and the MME, and for the deployment based on operator’s migration needs and cost calculations, such as co-locating the UPE with a GGSN, or the MME with a SGSN.

· The grouping shall allow for user plane connectivity to one or more PDNs to be controlled by a single control plane entity.
· The grouping shall allow for network sharing where the UPE belongs to each operator while the MME is shared.
The separation of MME and UPE fulfils the above criteria. In this case, there is a many-to-many relationship between the MME and the UPE, and the MME and UPE are selected as follows:

1. At initial access to the system (e.g. after PLMN reselection), a process (exact details are FFS) is used by the LTE RAN to select an MME. The LTE RAN then routes signalling messages to this MME during the initial access. The signalling exchange between the UE and the MME results in the UE storing information about the MME's identity. At subsequent accesses, the UE supplies the information about the MME's identity to the LTE RAN and this is used by the LTE RAN to connect to the MME.

2. The MME selects a UPE in order to establish a bearer for the UE.

7.11.2.3
Alternative 1
7.11.2.4
Alternative …
**** End of 1st set of changes ****

The following changes are proposed to section 4.2:
**** Start of 2nd set of changes ****

4.2 Architecture for the evolved system – non-roaming case

Figure 4.2-1 depicts the base line high level architecture for the evolved system.

Editor’s note: It is not the finalized architecture model for the evolved system. I.e. it does not contain all functions/interfaces required, and some functions/interfaces may be added, deleted or modified in the course of the key issue discussions.
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Figure 4.2-1. Logical high level architecture for the evolved system

The location of the functions belonging to MME and UPE is dependent on 7.11.2.1 Allocation of evolved packet core functions to UPE, MME and Inter-AS Anchor, i.e. it is FFS.

It is FFS whether there is an interface between UTRAN and evolved packet core. 


Inter Access System Anchor (Inter AS Anchor)

Inter AS Anchor is the user plane anchor for mobility between different access systems. 

It performs or supports handover between different access systems.

It is FFS whether an open interface separates the inter access system anchor into an anchor for mobility between 3GPP access systems and an anchor for mobility between 3GPP and non-3GPP access systems.

Reference points
S1:
 It provides access to Evolved RAN radio resources for the transport of user plane and control plane traffic.

S2: It provides the user plane with related control and mobility support between WLAN 3GPP IP access or non 3GPP IP access and Inter AS Anchor. 
S3-C:
It connects the GPRS Core to MME and enables user and bearer information exchange for inter 3GPP access system mobility in idle and/or active state.

S3-U:
It connects the GPRS Core to UPE and provides user data forwarding for inter 3GPP access system mobility in active state.

It may provide the user plane with related control and mobility support between GPRS Core and UPE. 

S4: It provides the user plane with related control and mobility support between GPRS Core and Inter AS Anchor. S4 does not exist in case S3 provides this functionality (FFS).

S5:
 It provides the user plane with related control and mobility support between MME/UPE and Inter AS Anchor.

It is FFS whether S5 exists or whether MME/UPE and Inter AS Anchor are combined into one entity.

S6:
 It enables transfer of subscription and authentication data for authenticating/authorizing user access to the evolved system (AAA interface).

S7:
 It provides transfer of (QoS) policy and charging rules from PCRF to Policy and Charging Enforcement Point (PCEP). 
The allocation of the PCEP is FFS. Allocation options for PCEP:
a) common PCEP in Inter AS Anchor,
b) individual PCEP per access system

S8:
It enables transfer of subscriber, IP access context and QoS information between MME and UPE.
**** End of 2nd set of changes ****
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