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Discussion
1 Introduction

The purpose of this contribution is to discuss the question posed in the RAN3 LS to SA2 on the Pool Area concept (see [1]), and to propose answers to these questions.
2 Discussion
2.1 Relation between MME Pools and UPE Pools

In an architecture where the MME and the UPE are separated, the issue of the relation between the Pool Areas supported by MME Pools (henceforth “MME Pool Areas” and the Pool Areas served by UPE Pools (“UPE Pool Areas” below) arises. In [1] three scenarios,  relating MME Pool Areas and UPE Pool Areas in different ways, are described:

1. MME Pool Areas and UPE Pool Areas coincide, so for each MME Pool, there is a corresponding UPE Pool, serving a joint Pool Area, and connecting to the same set of eNBs.

2. The UPE Pool Area is allowed to extend beyond the MME Pool Area, potentially to cover an entire network. In this scenario the UPEs are a common resource, able to serve mobiles anywhere in the network, and potentially connected to any eNB in the network.

3. The MME Pool Areas and the UPE Pool Areas are defined independently, meaning that MME Pool Areas and UPE Pool Areas can intersect in any way.
The three scenarios can be illustrated as seen in the following three pictures::


[image: image1]
Figure 1: MME and UPE Pool Area relations in scenario 1
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Figure 2: MME and UPE Pool Area relations in scenario 2

[image: image3]
Figure 3: MME and UPE Pool Area relations in scenario 3
The different scenarios have different consequences in a number of areas:

· The extent of the IP connectivity needed for User Plane traffic on S1

· The cardinality of MME ( UPE and eNB ( UPE relations, i.e. with how many MMEs and eNBs an UPE will interact

· In what situations UPE relocation will occur

In the following, scenario 1 and scenario 2 will be discussed, since there seem to be few drivers for scenario 3.

2.1.1 Evaluation of scenario 1 and scenario 2
In scenario 1, IP connectivity for S1 User Plane traffic is needed within the Pool Area only, since eNBs connect only to local UPEs. Mobility out of the Pool Area will cause UPE relocation, which will normally occur at the same time as MME relocation.
In scenario 2, IP connectivity for S1 User Plane traffic must be network-wide. Normally the MME will select a local UPE at attach, but in principle any UPE available in the network can be used. Mobility out of the Pool Area will not force UPE relocation, since the UPE can be kept also when MME relocation occurs, however this scenario does not preclude that the UPE is re-selected in some situations,  for example to achieve S1 path optimization at a point in time when the UE is idle. In this scenario, the need for an Active Mode UPE relocation procedure can be questioned. 

Because of the advantages from a mobility point of view, scenario 2 seems to be more attractive. The drawbacks with scenario 2 in the form of  increased IP connectivity requirements, and having more UPEs visible to the MMEs and eNBs seem to be acceptable in view of what is gained.
2.2 Overlapping Pool Areas in SAE/LTE

In the baseline architecture, it is supported to configure multiple pools of CN nodes having overlapping Pool Areas, mainly as a means to support populations larger than what can be accommodated by one single pool, for example in and around a major urban area. However, for SAE/LTE overlapping Pool Areas cause a complication, because of the way HO is expected to work. The problem is illustrated in Figure 4 below:

[image: image4]
Figure 4: HO in overlapping Pool Areas
In Figure 4, two MSs perform HO from a cell in TA2 to a cell in TA3. TA2 is situated  in the overlap area of Pool Area A and Pool Area B. One MS is served by an MME in MME Pool A, the other one is served by an MME in MME Pool B. The HO behavior will be different for the two MSs:

· The mobile served by the MME in MME Pool B will be able to perform the HO on the X2 interface, since the MME serves also TA3. 

· The MS served by the MME in MME Pool A, on the other hand, will be forced to perform an MME relocation, since the current MME does not serve TA3. 
Thus, in the eNB, a decision must be made on what HO mechanisms to use, depending on which of the two MME Pools the serving MME belongs to. This would require the eNB to be aware of the organization of the connected MMEs into MME Pools, and the organization of TAs into the corresponding Pool Areas. This is an additional complexity compared to the support for overlapping Pool Areas in the baseline architecture.
It can be claimed that the advantages of supporting overlapping Pool Areas in an all-IP architecture like SAE/LTE are limited, since the feature mainly serves to reduce the connectivity mesh on the CN-RAN interface:

· The reduction in CN-RAN connectivity afforded by multiple pools serving overlapping Pool Areas is only present outside the overlap area. In the overlap area, there must still be connectivity from the RAN nodes to all available CN nodes regardless of the organization into different pools.

· CN-RAN connectivity is less of a problem when based on a basically connectionless technology like IP.

Because of the additional complexity, it seems to be less desirable to support overlapping Pool Areas in SAE/LTE compared to the baseline architecture.
3 Conclusion and Proposal
We propose to discuss the issues mentioned in this contribution and to capture the following conclusions in the relevant TRs:
· it should be allowed for a UE to keep the same UPE when performing mobility out of the MME pool area

· Overlapping Pool Areas should not be supported in SAE/LTE
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