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1 Introduction
In the previous meeting, there are a number of discussions with respect to EUTRAN topology to support Home eNodeB and the S1 connectivity between MME and Home eNodeB. 
With the assumption that the Home eNodeB would be widely deployed in the commercial stage of EUTRAN, the deployment of Home eNodeB could introduce a tremendous number of S1 connections to MME. The support of S1-flex for Home eNodeB will cause even more S1 connections. Therefore it is not decided whether the S1-flex should be supported for Home eNodeB. 
Meanwhile, it is identified that there would be unnecessary MME relocations between macro/micro eNodeB and Home eNodeB provided that there is lack of S1-flex support [2]. 
The intention of this contribution is to propose a solution for reducing the MME relocations in case of no S1-flex support for Home eNodeB. 
2 Background study
2.1 Separate MME pool for hosting Home eNodeB
From the perspective of MME pool organisation, there is a proposal to deploy separate MME pool for hosting Home eNodeB, for the purpose of reducing the number of S1/X2 connections.  As depicted in Figure 1, all micro eNodeBs in micro eNodeB pool area are connected to MME pool 1 via S1 interfaces. The cluster of Home eNodeBs in Home pool area is connected to MME pool 2. In addition, there is an Sx interface between these two MME pools. 
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Figure 1: Separate MME pool for hosting Home eNodeB. 
The number of S1 connections can be intuitively reduced to some extent in the architecture of Figure 1, since the Home eNodeB can only be converged in specific MMEs. However, the architecture is essentially based on S1-flex, it is supposed that the S1 connections would be more complicated than non S1-flex cases. 
When the UE frequently moves back and forth between the geographic area of micro cell coverage and Home cell coverage, there would be heavy signalling overhead. The frequent MME relocation can only be avoided with complicated mesh Sx connections between the MMEs in those two pools. 
2.2 Single MME pool for hosting both Home eNodeB and macro eNodeB
There is another proposal based on the assumption that S1-flex is not applicable for Home Node B deployment. Each Home eNodeB has only one S1 connection to EPC. The Home eNodeB is connected to MME pool for macro eNodeBs, in case the Home eNodeB is geographically deployed in the same pool area of macro eNodeB. This is depicted in Figure 2. 
All Home eNodeBs belonging to one CSG is connected with the same CSG MME. In Figure 2, we assume three hNB are organized for one CSG and they connect with one MME, i.e. MME2.
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Figure 2: MMEs in one pool.
The solution above can reduce the S1 connections not only on the MME side but also on the Home eNodeB side. 
When the UE belonging to a CSG moves between the macro eNodeBs and its neighbour Home eNodeBs, the unexpected MME relocation can be avoided in case the serving MME is always its CSG MME. 
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Figure 3: MME relocation caused by UE move.
The MME relocation can not be avoided in case of serving MME changes during the period of UE move. As depicted in Figure 3, the UE move can lead to unavoidable MME relocation when the movement path spans between home cell and macro/micro cells.  

Furthermore, in practice, one Home eNodeB could support more than one CSG, which makes the CSG MME selection problematic. 
3 Discussion 
This section is to introduce a solution for reducing the MME relocations without S1-flex support for Home eNodeB.
3.1 Network topology

The network topology is shown in Figure 4. All Home eNodeBs in the coverage of the pool area are connected to the MMEs in the MME pool. The concrete topology respects the following principles:
· Macro/micro eNodeBs support S1-flex
· Home eNodeBs do not support S1-flex
· Each Home eNodeB only has one S1 connection to the EPC

· The cluster of Home eNodeBs that serve for a particular UE according to the definition of CSG connects to the same MME.  This MME can be defined as Subscribed MME. 
· When there is a Subscribed MME for the UE, it can only be served by the MME wherever it is (in the Home cell coverage or macro/micro cell coverage). 

· In case a CSG is involved with more than one Home eNodeB, which are geographically located in different places (e.g. one at home, the other in office), the involved eNodeBs can be connected to separate Subscribed MMEs.
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Figure 4: Scheme to reduce MME relocation. 
MME relocation is caused by MME change during UE connected state. The bullet 4 and 5 above is to constrain the possibility of MME changes during UE connected state even if it moves between Home cell coverage and macro/micro cell coverage.
3.2 Detailed Scheme Description
In order for the UE to be always served by its Subscribed MME, a redirection procedure can be introduced to the attach procedure for the UE camping on the macro cell. 
When the UE initiates attach request in the macro cell towards the eNodeB with TMSI or IMSI in the message, the eNodeB uses traditional NNSF function to select a MME and send the Attach Request to the selected MME. It is assumed that the Subscribed MME of a particular UE can be configured in the EPC during network deployment stage. Therefore the MME can decide if the UE has a Subscribed MME. If the UE does not have a Subscribed MME configured, the UE will attach to this MME as usual. If the MME itself is the Subscribed MME of the UE, the UE attaches to this MME as well.

While in case the Subscribed MME is not the selected MME, the selected MME will send a Redirection Request message to the MME. The subscribed MME allocates a TMSI to the UE and send an Attach Accept message to the UE with the allocated TMSI. On receiving the Attach Accept message from the subscribed MME, the eNodeB relay the Attach Accept message to the UE. The Attach procedure is ended.

After the attach procedure, subsequent NAS procedures initiated by this UE camped in the macro eNodeB’s cell will be routed to its Subscribed MME by NNSF function. 
4 Conclusions 
It is proposed to discuss the concept of Subscribed MME for reducing MME relocation during UE move in case of no S1-flex support for Home eNodeB deployment. When acceptable, Huawei volunteers to draft corresponding TP for TR R3.020 or TS36.300. 
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