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1 Introduction

At RAN3#73 a number of mobility scenarios were prioritized as part of the “Mobility Enhancements for H(e)NB” Study Item, as agreed in [1] and captured in [2]. One of these scenarios consists of Enhanced HHO mobility between a Macro RNC/eNB and Closed Access HNB cells. 

In this paper this mobility scenario is analysed and the challenges associated to this type of enhanced mobility are exposed.  
2 Discussion and Proposal

2.1 Status Quo of Access Control and Mobility Procedures to Closed Access H(e)NB Cells
In current specifications mobility from macro cells to Closed Access H(e)NB cells is carried out via the Core Network, both for 3G and for LTE (see [3], [4]). 
The main reason for this is that UE access to a Closed Access CSG cell needs to undergo Access Control, which was agreed in Rel9 to be performed in the CN (MME or SGSN).  One exception to performing Access control in the CN was agreed for 3G networks in cases where non-CSG UEs (Pre-Rel8) and/or non CSG HNBs were involved in mobility. In such case Access control can be performed in the HNB GW. However, the assumption in RAN3 is that non-CSG UEs and non-CSG HNBs will eventually be phased out and the function of Access Control at HNB GW will not be needed in the future. 
During the course of Release 9 long discussions were endured on how to perform UE Access Control for CSG cells. During these discussions several possible options were presented, such as:
· Perform Access Control at source RAN

· Perform Access control at target RAN
Nevertheless these options were discarded for a number of reasons, some of them listed below:

1) Distributing subscriber information to RAN nodes constitutes a security threat. Subscriber information is stored in the HSS, which is in a secured location inside the operator’s network. Any storage of subscriber’s information in the RAN would be exposed to security breaches.

2) Subscriber’s information shall be always up to date in a timely manner. This is to allow correct outcome for procedures such as Access Control. 
By distributing subscriber’s information to RAN nodes a more complex system would be created with multiple replications of the subscriber’s information database. Each replication of the subscriber’s information database would have to be managed and maintained, making the solution non scalable and non future proof.
3) If subscriber’s information were available at RAN nodes, there would anyhow be the need to validate correctness of such information with the HSS in cases when Access Control needs to be carried out. This is because subscriber’s information updates from HSS to RAN nodes might not always happen in a timely manner.
This would defeat the benefit of storing subscriber’s information at the RAN, given that signalling to the CN would generate extra delays.
As part of the Release 9 discussions a different alternative was also considered. This alternative consisted of avoiding distribution of subscriber’s information to RAN nodes and defining dedicated Access Control procedures between source/target RAN and CN (i.e. before or after HO preparation). 
However, in this case the extra delay of such procedures would make mobility performance equal if not worst than “classic” S1/RANAP based mobility.
With the above in mind the following observation can be made:

Observation 1: Release 11 solutions for enhanced mobility from Macro (e)NB cells to closed H(e)NB cells shall be based on the assumption that Access Control is performed at the CN

2.2 On the Need for Enhanced Mobility from Macro to Closed H(e)NB Cells
During RAN3#73 the Macro to Closed Access H(e)NB mobility scenario prioritisation was motivated by the need of group of users to enter Closed CSG Cells forming an enterprise deployment.  
A number of aspects of such mobility scenario should be highlighted:

1) In large enterprise deployments the first cell a UE is able to enter would most likely be a cell providing public access. For example, the reception hall of a large enterprise would most likely be covered with a cell allowing access to external guests. Therefore, it is plausible to assume that in large enterprises a UE will first enter an Open or Hybrid cell

2) Under the assumption that large enterprises (e.g. campuses) will be most likely covered by a good proportion of Open or Hybrid cells and that the “entry” cell is likely not to be a Closed Access cell, it is plausible to assume that mobility from a macro cell to an enterprise Closed Access Cell will occur in cases of small enterprise deployments. 
Hence, it is plausible to ask whether the frequency and number of mobility occurrences between Macro cells and enterprise Closed Access Cells is enough to justify enhancements to current mobility procedures.

3) UEs moving from a Macro cell to a cell covering an enterprise will most likely move at very low speed. It is therefore questionable whether mobility performance enhancements are needed, given that S1/RANAP based mobility can already guarantee satisfactory performance for UEs moving at such low speed.
Further, it should be pointed out that any enhanced mobility procedure from Macro to Closed Access H(e)NBs which is not carried via S1/RANAP mobility signalling procedures would need to be supported by a dedicated method for UE Access control.
In light of Observation 1, access control shall be performed in the CN. Therefore, any enhanced “Macro to Closed” mobility procedure would have to account for signalling to and from the CN in order to enable some form of Access Control request and an Access control response. 
However, as stated in section 2.1, such procedures would cause performance deterioration and would make the mobility enhancements not effective, leaving S1/RANAP mobility procedures as the best option.

It can be concluded that CN based mobility procedures constitute the most robust and efficient way to perform mobility to Closed Access Cells. This is due to the need of timely access control and due to favourable mobility conditions (e.g. slow moving UEs).  The following is therefore proposed: 
Proposal 1: It is proposed to move the “Macro to HeNB” mobility case and the “Macro to HNB” Hard Handover mobility case to priority 2, due to the sufficient efficiency of existing S1 and RANAP based mobility procedures.

3 Conclusions and Proposals
In this paper the Macro to Closed Access H(e)NB mobility scenario was analysed with the objective of evaluating whether mobility enhancements are needed or if current mobility mechanisms are sufficiently efficient.
From the analysis it emerged that Macro to Closed Access H(e)NB mobility would anyhow require the involvement of the CN, making it difficult to perform any type of route optimisation for mobility signalling messages. The following observation was therefore presented:

Observation 1: Release 11 solutions for enhanced mobility from Macro (e)NB cells to closed H(e)NB cells shall be based on the assumption that Access Control is performed at the CN

Moreover, it emerged that, due to the low speed of UEs moving to Closed Access CSG cells and to the relatively low frequency of such mobility occurrences current, S1/RANAP mobility procedures are still the most robust and effective way of addressing such mobility cases. Consequently the following proposal was made:

Proposal 1: It is proposed to move the “Macro to HeNB” mobility case and the “Macro to HNB” Hard Handover mobility case to priority 2, due to the sufficient efficiency of existing S1 and RANAP based mobility procedures.
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