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1 Introduction

In [1] a list of solutions for membership verification during enhanced Macro RNC to HNB mobility are presented. The solutions can be summarised as follows:

Solution 1a: Source RNC triggers MV before initiating handover.
Solution 1b: Target HNB triggers MV before accepting handover.

Solution 1c: Target HNB triggers MV during handover, first accepting the UE as a non-member and later upgrading it according to MV outcome.
Solution 1d: Target HNB triggers MV during handover, first accepting the UE according to its reported CSG membership status and later downgrading it if MV fails

Solution 2a: Target HNB GW triggers MV before forwarding handover signalling to target HNB

Solution 2b: Target HNB triggers MV with HNB GW before accepting handover

In this paper an analysis of these solutions is provided and a way forward is proposed.
2 General Principles for Enhanced Macro to Hybrid Mobility
As it was pointed out in [2] previous architecture agreements concerning access control and membership verification for HNB mobility established that such processes shall be carried out in the CN. This concept was also highlighted in [3], where previous agreements on CN centralisation of MV/AC procedures and the rationales at the bases of them were reported and analysed. 
From the discussions captured in [2] and [3] the following main points can be taken regarding solution family 2:

· Membership Verification in the HNB GW implies a decentralisation of the subscribers database. 

· This implies an increase in system complexity due to the need of keeping each instance of the database up to date. 

· This does not necessarily improve mobility performance due to validation of subscriber information needed at the time of handover to a HNB cell

· The CN shall have some form of visibility for mobility between different access mode and CSG ID cells. Namely, in case of macro RNC to HNB mobility the CN shall be informed of the handover in order to apply appropriate policies (charging, QoS, etc.)
On the basis of these principles the following is proposed:

Proposal 1: Due to the impacts on system complexity and to established principles for location of AC/MV in the CN it is proposed to filter out Solutions 2a and 2b from the list of potential solutions for Macro to HNB enhanced mobility   
In [3] another important point was captured concerning the solution efficiency. Namely, a solution that aims at enhancing mobility between macro and Hybrid HNB cells needs to be free from extra delays and complexity caused by new procedures being introduced.
It is worth noting that the main objective of this work is to improve mobility performance from macro cells to hybrid cells and if such improvement is not achieved there would not be any mandate to modifying the current standard.

With the above efficiency target in mind it becomes clear that Solution 1a does not provide any improvement to current mobility performance. In fact, this solution foresees to introduce a new procedure for membership verification, triggered before any handover signalling is started. The latter not only increases the overall handover delay but also increases the probabilities of radio link failure due to “too late handover”.  Further, in cases of handover failures the new membership verification procedure would be carried out in vane. 
Solution 1b attempts to solve the problems of Solution 1a by nesting the new membership verification procedure (RANAP Access Membership Query) into the handover signalling, as shown in Figure 1 (extracted from TR37.803). However, the following drawbacks are encountered with this approach:
· Similarly to the case of Solution 1a, Solution 1b introduces extra delays by proposing a new procedure between HNB and CN, nested between HO signalling messages. Such procedure could require several hundreds of milliseconds to complete, therefore impacting the handover performance and highly increasing the risk of radio link failure due to “too late handover”

· The procedure has a rather high impact on current specifications and implementation, due to requirements for the support of a new Class 1 procedure. This also increases the signalling load at CN.
· As a consequence of nesting the “RANAP Access Membership Query” procedures within the Relocation procedures, the solution creates a dependency between procedures that has been so far avoided in protocol specifications. Such dependency implies the following:

· Failure-to-complete for the “RANAP Access Membership Query” procedure would imply extra delays in the RANAP Relocation procedure, decreasing handover performance and increasing the likelihood of “too late handover”.

· Coordination between RANAP Relocation procedure and RANAP Access Membership Query procedures timers is needed in HNB and in CN

· Failure-to-complete for the RANAP Relocation procedures may imply that the RANAP Access Membership Query was triggered in vain, with consequent unnecessary signalling to the CN
For the reasons above the following is proposed:

Proposal 2: Due to the lack of mobility performance enhancements and to the risk of mobility performance deterioration associated to Solution 1a and Solution 1b It is proposed to remove them from the list of potential solutions for Macro to HNB enhanced mobility   


[image: image4.emf]Figure 1: Membership verification procedure for Macro – Hybrid mobility in Solution 1b
3 Proposal on Way Forward

In [1] Solutions 1c and solution 1d are very similar. The starting point of these solutions is that the mobility case under study is Macro to Hybrid. Therefore any UE is always able to enter the target cell and mobility should not be delayed due to extra procedures. In fact, the latter is the only way to improve the mobility performance when compared to current RANAP mobility.
Solution 1c and Solution 1d differ purely on how the UE is treated at target cell: Solution 1c proposes to admit the UE always as non-member, until membership status is acquired via existing RANAP Enhanced Relocation Complete procedures, while Solution 1d proposes to admit the UE according to membership status reported at source RNC, until membership status is acquired via existing RANAP Enhanced Relocation Complete procedures. Figure 2 shows the proposed procedure for Solution 2d (as per TR37.803)

[image: image2]
Figure 2: Mobility enhancement procedure for Macro – Hybrid relocation according to Solution 1d

As it can be seen from Figure 2, Solution 1d ensures that the handover preparation procedures and handover completion procedures are not interrupted or delayed by any extra process.  This ensures an improvement in mobility performance and minimisation of the risk of radio link failures during the handover execution.

The procedure in Solution 1d does not rely on the introduction of new procedures and it reuses the RANAP Enhanced Relocation Complete procedure to convey information about the membership status of the UE. This also ensures minimisation of the signalling load at the CN.

It is worth noting that the assumption so far from a standardisation prospective has been that the membership status provided by the UE during the mobility measurement reports refers to correct information. In fact, in currently standardised mobility procedures a handover to a closed CSG cell is triggered only if the UE reports to be a member of such cell. 
As a consequence, solution 1d appears to be more efficient that Solution 1d, as it allows correct prioritisation of UEs at target hybrid cell.

In solution 1d it is possible to identify whether a UE is reporting wrong membership status information. If this is the case, the network may decide to bar the UE from the target cell for a configurable time window. This provides a strong deterrent for rogue UEs attempting initial access with incorrect membership status.

It is worth noting that the principles and methods on which Solution 1d is based are also adopted in an equivalent solution proposal for the LTE system. Such solution proposal is named Solution 1d” and it is described in [4], where a number of companies agreed to support such solution. It would be beneficial to align the UTRAN and EUTRAN system with the adoption of similar techniques for membership verification in such cases of enhanced mobility. Hence, solution 1d could be adopted for both UTRAN and EUTRAN.

On the basis of the principles above the following is proposed:

Proposal 3: Solution 1d allows to maximise the mobility performance during macro to hybrid relocation, ensuring minimum impact on specifications and implementation. It is proposed to select such solution as the way forward for enhanced macro to hybrid mobility solutions
4 Conclusion
In this paper an analysis of the solutions currently available for enhancement of macro to hybrid mobility procedures has been presented. The main focus of the changes to specifications and implementation is to enhance the performance of mobility from macro to hybrid cells.  If an enhancement of the mobility performance is not achieved there would not be any mandate to modifying the current standard.
In light of the above it is proposed to agree to the following proposals: 

Proposal 1: Due to the impacts on system complexity and to established principles for location of AC/MV in the CN it is proposed to filter out Solutions 2a and 2b from the list of potential solutions for Macro to HNB enhanced mobility
Proposal 2: Due to the lack of mobility performance enhancements and to the risk of mobility performance deterioration associated to Solution 1a and Solution 1b It is proposed to filter them out from the list of potential solutions for Macro to HNB enhanced mobility   

Proposal 3: Solution 1d allows to maximise the mobility performance during macro to hybrid relocation, ensuring minimum impact on specifications and implementation. It is proposed to select such solution as the way forward for enhanced macro to hybrid mobility solutions

It is worth noting that the methods and principles for solution 1d are supported by a number of companies in the case of EUTRAN systems, as explained in [4]
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