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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 and a hybrid HNB cells. 

Current mobility involving hybrid HNBs is allowed in a number of ways: RANAP based HHO mobility is always possible between any source and target, where the main principle of performing access control or membership verification at the CN (in case of handovers to closed or hybrid cells) is respected. 
Moreover, current specifications support SHO and Enhanced HHO mobility between hybrid or closed HNB cells sharing the came CSG ID (intra HNB GW scenarios) without any CN involvement. 
The latter is possible because the UE is moving between cells with the same access mode and belonging to the same CSG, hence no access control or membership verification is needed.

In this paper a solution to perform Enhanced HHO mobility between macro and hybrid cells is proposed, where the principle of performing membership verification at the CN is respected.  
2 General Assumptions for Enhanced Inter CSG HHO Mobility
The principle followed so far for inter CSG mobility is that access control or membership verification can be carried out either in the HNB GW or in the CN. 
Access control and Membership verification in the HNB GW are only applicable to cases of mobility to non-CSG HNBs or mobility of non-CSG UEs (legacy UEs).  Given that non-CSG HNBs and non-CSG (legacy) UEs will be gradually phased out, it is plausible to assume that the main location where access control and membership verification shall be performed is the CN. This is because of a number of reasons:
1) Subscribers information are centrally stored in the HSS

2) Subscribers information stored centrally at the HSS are always up to date

3) Pushing subscriber information to RAN nodes constitutes a security threat, which shall be avoided

4) The CN needs anyhow to know about mobility to a new CSG due to policy and charging 

It needs to be pointed out that by keeping subscribers information in the CN and performing access control and membership verification always in CN nodes, it is ensured that in the future only one subscriber information database needs to be maintained. Namely, as non-CSG UEs and non-CSG HNBs are phased out (and the need of access control/membership verification at HNB GW becomes less stringent), the system becomes simpler and easier to manage.
Proposal 1: It is proposed that access control and membership verification for inter CSG Enhanced HHO Mobility is always performed at the CN
The second principle that needs to be highlighted concerns the Enhanced SRNS Relocation procedure. Despite this procedure is similar to the Enhanced HNB to HNB HHO mobility specified in Rel10, there is a fundamental difference between the two. The former involves the CN, while the latter is carried out without any CN involvement.

Due to the fact that Enhanced HHO mobility between macro RNCs and HNBs needs to be backward compatible with legacy macro RNCs and given that this mobility implies a change of serving RNC (which needs to be notified to the CN), it is proposed that both HNB and macro RNC involved in such type of mobility follow the existing Enhanced SRNS Relocation procedures.
Proposal 2: It is proposed that in case of Enhanced Hard Handover mobility between Macro and HNB cells existing procedures for Enhanced SRNS Relocation are followed both by macro RNC and by HNB.

2.1 Macro to Hybrid HNB Mobility
The case of macro RNC to hybrid HNB mobility is considered in this section. The case of Hybrid HNB to Macro RNC mobility can be covered purely by existing Enhanced SRNS Relocation procedures, without any changes to the existing signalling, as it will be explained in the next section.
Figure 1 shows the Enhanced SRNS Relocation as per current specifications [3].
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Figure 1: Enhanced SRNS Relocation procedure

In order to allow re-use of the Enhanced SRNS Relocation procedures shown in Figure 1 the following enhancements are proposed (the steps below refer to the steps in Figure 1).

· Source and Target follow step 1 to 3, which constitute the Relocation Preparation phase. 
If the UE has reported its Membership Status in the Measurement Report, then the CSG Membership Status IE included in the RANAP Enhanced Relocation Information Request IE carried by the RNSAP: ENHANCED RELOCATION REQUEST message should be the same as what reported by the UE. If no CSG Membership Status was reported by the UE in the Measurement Report, then the CSG Membership Status included in the RNSAP: ENHANCED RELOCATION REQUEST message should be set to “non-member”, in order to avoid wrong prioritization at target cell.
· After the RRC messages are exchanged during the execution phase, the target HNB sends the RANAP: ENHANCED RELOCATION COMPLETE REQUEST message to the HNB GW, which forwards it to the CN (as per step 4). 
It is proposed to add the CSG ID IE and Cell Access Mode IE to this message, in order to allow the CN to carry out membership verification for the relocated UE.
· Once the membership verification is carried out by the CN, the results of the check can be sent in step 5 via the RANAP: ENHANCED RELOCATION COMPLETE RESPONSE message. 
It is therefore proposed to optionally add the CSG Membership Status IE to the RANAP: ENHANCED RELOCATION COMPLETE RESPONSE message.
Note: The results of the Membership Verification could also be communicated by the CN via the COMMON ID procedure after the Enhanced Relocation Complete procedures have been terminated. However, this mechanism would not provide the information on UE membership to the target RAN in a timely manner.
· Once the CSG Membership Status IE is received by the target HNB, back from the CN, the HNB can take a decision to whether or not to prioritise the UE
According to the above solution, the following proposals are made in order to enable enhanced HHO mobility between hybrid and macro cells.
Proposal 3: It is proposed to add the CSG ID IE and Cell Access Mode IE to the RANAP: ENHANCED RELOCATION COMPLETE REQUEST, in order to allow the CN to carry out membership verification for the relocated UE.

Proposal 4: It is proposed to optionally add the CSG Membership Status IE to the RANAP: ENHANCED RELOCATION COMPLETE RESPONSE message, in order to timely inform the target HNB of the UE membership
2.2 Hybrid HNB to Macro Mobility
For the Hybrid to Macro enhanced HHO mobility scenario the issues on how to perform membership verification disappear and the only requirement is to follow backward compatible Enhanced SRNS Relocation procedures as specified in [3]. 

It is therefore suggested that source HNB follows the SRNS Enhanced Relocation procedure messages, which will be relayed by the HNB GW and forwarded to the CN or target RNC, as appropriate.  Such suggestion is in line with Proposal 2, in Section 2.
It has to be noted that in cases where the HNB is the source RAN, it has to be ensured that the mobility procedures initiated towards the target RNC are supported by the target RAN. For example, Enhanced SRNS Relocation should not be started by an HNB if the target RNC is not supporting the interfaces needed or is not supporting the mobility procedure. 
Hence, either the HNB is informed about the capabilities of the target RNCs or the mobility procedure originated by the HNB will have to be aborted in cases where the target RAN does not support it.
3 Conclusions and Proposals
In this paper a number of proposals have been presented in order to outline a solution for enhanced HHO mobility between Hybrid HNBs and Macro RNCs. 

The solution is based on respecting the already agreed principle that the main location to perform access control or membership verification is the CN. Also, the solution is based on the adoption of existing Enhanced SRNS Relocation procedures, extending them to HNB <-> RNC mobility scenarios.

The proposed solution consists of including CSG information in the RANAP: ENHANCED RELOCATION COMPLETE REQUEST, which allows the CN to perform Membership Verification for the relocated UE. Further, it is proposed to add the CSG Membership Status IE in the RANAP: ENHANCED RELOCATION COMPLETE RESPONSE, which allows the target HNB to know the membership status of a given UE to its CSG.

This solution is future proof in the sense that it guarantees a simple way of managing and maintaining subscriber information in a secure way, i.e. subscriber information are kept in the core network, where any membership verification or access control shall be performed.
This solution is efficient in the sense that it reuses existing standardized procedures, therefore being also backward compatible with legacy RNCs.

The following is proposed for all instances of Enhanced HHO mobility cases, needing access control or membership verification, considered in the study in [2]:
Proposal 1: It is proposed that access control and membership verification for inter CSG Enhanced HHO Mobility is always performed at the CN

Proposal 2: It is proposed that in case of Enhanced Hard Handover mobility between Macro and HNB cells existing procedures for Enhanced SRNS Relocation are followed both by macro RNC and by HNB.

The following is proposed specifically for the Enhanced HHO mobility case between RNC and Hybrid HNBs:

Proposal 3: It is proposed to add the CSG ID IE and Cell Access Mode IE to the RANAP: ENHANCED RELOCATION COMPLETE REQUEST, in order to allow the CN to carry out membership verification for the relocated UE.

Proposal 4: It is proposed to optionally add the CSG Membership Status IE to the RANAP: ENHANCED RELOCATION COMPLETE RESPONSE message, in order to timely inform the target HNB of the UE membership
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