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1 Introduction

This document deals with the two methods presented in TR R3.020’s 6.2.1.2 and justifies why, while the method based on [3], hereby referred to as method one or first method, does not meet the existing requirements, the method based on [6], hereby referred to as method two or second method, provides a viable approach to them. 

2 Discussion

In RAN3#59 two architectures were chosen as possible candidates for HeNB deployment.  The first architecture was based on R3-080464 [3] and the second on R3-080539 [6].  In this paper an analysis is performed of what are the advantages and disadvantages of each proposed architecture and a recommendation is made for the choice of the HeNB deployment architecture.

2.1 Analysis of current architecture solutions for HeNB Deployment

2.1.1 Identifying requirements

In past meetings and in the frame of HeNB discussions, the need to address specific requirements of the S1 interface of the HeNB have been identified,

· Have a slim SCTP connectivity towards the MME (single association, single stream, single IP address, see [4]), 

· Easing connectivity to an MME pool by reducing the visibility of the pool at HeNB,

· Scalability impact of HeNBs deployment on several network identifiers,

· Support Frequent Establishment and Release of the HeNB’s S1 connection (flexible connectivity),

While general S1 requirements and properties should be kept to the highest possible extent (e.g. Network Sharing, S1-flex).

Next to these requirements, as properly captured in [1] 6.2.1.1, not supporting S1-flex would have an impact on the mobility procedures. Indeed, in case of inbound Handover from the macro cell to the Home cell, we would introduce simultaneous inter-MME and inter-PDN-GW requirements that are not currently considered in the LTE/EPC framework.

Finally, the requirements recently captured at SA1 and SA, reflected in [5]’s v.8.3.0, take precedence over any other and shall be properly addressed.

2.1.2 HeNBs not supporting S1-Flex scenario

Both proposals included so far in section 6.2.1.2 of TR R3.020 contemplate scenarios where the HeNBs do not support the S1-Flex function.

The main differentiator between the two proposals is that the first method (based on [3]) foresees that 

“The cluster of Home eNodeBs that serves for a particular UE according to the definition of CSG connects to the same MME. This MME can be defined as Subscribed MME”, 

while the second method (based on [6]) contemplates the presence of a gateway node sitting between the LTE core and the HeNB, which behaves as follows: 

“The Home eNB GW acts (from an EPC point of view) as a (macro) eNB, the c-plane interface is the S1-MME, the u-plane interface is the S1-U. The Home eNB GW acts towards the Home eNB as a single EPC node”.

The two methods have then different behaviours on several topics:

· Method 1 lacks of failure recovery mechanisms, i.e. what happens if the "subscribed MME" is missing due to e.g. maintenance or fault? In the case of method two a solution to this problem has been proposed in R3-080863.
· If the UE connects to the subscribed MME via the serving HeNB, who can guarantee that this MME will be kept during HeNB to macro HOs? There could be cases in which the subscribed MME is outside the pool of MMEs supported by the macro eNB.  On the contrary, the second method allows the HeNB GW to support the S1 Flex interface, therefore not forcing UEs to connect to a specific MME.
· It is more difficult to perform load balancing among MMEs.  In fact, if a HeNB is statically assigned a subscribed MME it is not possible any more to flexibly distribute the load of UEs connected to HeNBs among MMEs in a pool.  On the opposite side, the solution proposed in the second method envisages the HeNB GW to support the S1-flex function, which makes allocation and distribution of UEs to MMEs fully flexible and balanceable 
· With the solution proposed in the first method, an MME relocation might be needed when UE moves from Macro eNB to HeNB due to the UE needing to be assigned to its subscribed MME.  Hence, further signalling procedures will need to be introduced in method 1 in order to detect which MME is the "subscribed MME" and to eventually redirect the UE from a normal MME to the "subscribed MME".
· Method 1 lacks of dynamic reconfiguration mechanisms when the HeNB location changes, i.e. it is mentioned in the proposal that "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)." Therefore, if the HeNB is moved to a macro cell not including the "subscribed MME" in its pool, how will this work? Will the UE be redirected to its subscribed MME anyway? Will the HeNB to Macro HO need to be an inter MME HO? 
· Method 1 is not applicable when the UE is subscribed to multiple CSG groups, and makes use of multiple CSG identities (a characteristic captured in [5]). It is not possible to discern what may be the relevant CSG identity to be supported at a specific macro eNB and therefore impossible to select the MME properly in order to support mobility without inter-MME Handover in the process.
· Method 1 implies that MME still needs to support a large number of additional S1 interfaces (about N/K, where N is number of HeNBs and K is the number of MMEs in a pool).  This implies an increase of SCTP connections, heart/beat signalling, integrity check processing and logically scalability issues.  On the contrary method 2 (based on [6]) envisage the HeNB GW as the only node serving a pool of HeNBs and seen by the EPC.  This node is the only one that needs establishing S1 connections to MMEs in a pool.
· In method 1 MME still has to support many intermittent S1 connection/disconnections, leading to artificial CPU overloading.  This will mean bursts of signalling activities in all the network in cases where e.g. a set of HeNBs is power cycled due to a black out 
2.2 Analysis Outcome

Method 1's principle that “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).” subverts the MME selection procedures currently considered. This is not done anymore based on network criteria, but UE affiliation to the MME to which a specific Home eNB connects, unrelated to considerations of e.g. MME overload. This indicates that general network design procedures are impacted by the proposed approach, while specific requirements such as addressing node overload (currently addressed) would be hardly solved under the new approach.

In case of HeNBs supporting the same CSG identity that are connecting to different MMEs (due to e.g. different geographical location), method 1 is also of no use, the MME reselection not being able to identify what is the MME to be reselected in order to avoid inter-MME mobility requirements.

Indeed, method 1 attempts to address, without fully succeeding, the avoidance of inter-MME mobility requirements in case the HeNB connects to a single MME. It does not address additional aspects such as the need to address the deployment of HeNBs in terms of both scalability and flexible connectivity, or else the support of network sharing.

Method 2 is based on an S1 proxy functionality and fulfils requirements reflected in 2.1.1.

Method 2 moves the S1-flex requirement from the HeNB to an intermediate node between it and the EPC. In this context, it is aligned with the current SAE/LTE approach as it is transparent to the relevant application parts.

While additional discussion is certainly needed in the context of proper support of HeNB(s), such as the allocation of the functionality, etc…, method 2 is currently the single identified method that addresses the requirements captured in 2.1.1.

3 Conclusions

The paper presents an analysis of the two methods captured in [2], section 6.2.1.2.  It is proposed that the Text proposal for TR3.20 presented in Section 4 is approved.

4 Text proposal for TR R3.020 

--------------------------------------------------- Text Proposal BEGINS HERE --------------------------------------------------------------

6.2.1.2.3 Selected Method

While both proposed methods address the requirement not to mandate S1-flex support at the HeNB, and enable the support of a single S1 interface towards the EPC at the HeNB, the analysis has shown that method 1 is not explicitly addressing requirements such as:

· Support of UEs affiliated to multiple CSG identities,
· Dealing with HeNBs in different geographical locations that support the same CSG
On the other side, Method 2 addresses the identified requirements and is selected for further work.
--------------------------------------------------- Text Proposal ENDS HERE -----------------------------------------------------------------
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