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1. Introduction
During RAN3#73bis the topic of support of legacy UEs during mobility to small cells was briefly discussed. 
In [8] a solution on how to handle legacy UEs was presented. In this paper a discussion on the relevance of addressing the problem of mobility enhancement is carried out and an alternative solution for such potential issue is presented.
Problem Definition

The problem discussed is how pre-release 9 UEs can perform mobility to CSG cells when there is a high density of HNBs.
The issue claimed is that due to the high reuse of PSCs across HNB cells and due to the lack of System Information acquisition measurements from pre-Release 9 UEs, there could be ambiguity regarding the target cell the UE has reported (via its PSC).  Such ambiguity could lead to problems when constructing mobility messages such as RANAP: RELOCATION REQUIRED at source RNC.
On the contrary, when the target CSG cell is included in the Neighbour Cell List (NCL) broadcast by the serving cell, it is possible to handover the UE to the target.

It has to be noted that the issue described above only occurs in cases of mobility from macros to HNBs.  This is because HNBs shall include neighbour cells in their NCL and also because neighbour HNB cells are assumed to have different PSCs, unique in their neighbourhood.
The other important aspect to mention is hat this problem occurs when there is a considerable density of HNBs in a given macro deployment.  This implies that the deployment under consideration includes HNBs from different releases and with different capabilities. This also implies high density of UEs, as otherwise it would not be plausible to assume high density of HNB cells.
2. Status Quo of Current Discussions

In [1] a solution for enabling legacy UEs to perform mobility to closed CSG HNBs is presented. This solution relies on the following changes to be made:
1) Source RNC needs to be upgraded to include specific information concerning (Source Cell, Timing Difference ((OTD), C-PICH matching) in the relocation messages towards the target HNB

2) Target HNB GW needs to be upgraded to make use of the extra information sent by the source RNC

3) The RANAP protocol needs to be modified to allow transport of the extra information.

This solution implies high impact on current infrastructures given that it requires changes to the sourse RAN, target RAN and interfaces. Consequently the benefits of this solution can be harvested only after both source and target RANs have been upgraded.

Secondly, it should be highlighted that mobility procedures in UTRAN and E-UTRAN systems have so far functioned according to the principle that the source RAN determines which cell is the mobility target.  
By reverting this principle and assuming that the target RAN is able to choose which cell is the target a number of correlated changes would be needed.  

For example, in case of failure in the mobility procedures, how would the current relocation failure procedures be reused? These procedures would have to be modified in order to take into account that the target RAN is responsible for selecting the target cell.     

It should also be considered that by the time Release 11 HNB and macro RNC infrastructures will be upgraded it is very likely that a good portion of Release 9 UEs will be available. 
With time the population of pre-release 9 UEs will decrease, so it is questionable whether such high impact changes shall be applied for a problem that is deemed to disappear in the short to medium term future.

For the reasons above a new solution is proposed below, which relies purely on source RAN internal modification. 
3. Proposed Solution

In the solution proposed information needed to disambiguate the target cell are stored in the serving RNC (SRNC).  This information may consists of some or all of the following:

1. System Information of target cell
2. PSCs of cells neighbouring the target cell 

3. Timing Difference ((OTD) between source and target cell
The following sections explain how this information can be used to support mobility of legacy UEs to HNB cells.

3.1 Acquisition of information at SRNC

It is assumed that by the time Release 11 HNB architectures would be fully deployed there would be a substantial number of Release 9 UEs available. Release 9 UEs are able to acquire System Information for detected cells. Therefore it is plausible to rely on such UEs to report to an SRNC System Information of cells not configured or not included in the Neighbour Cell List of the SRNC.
It has to be noted that this assumption is already adopted across several technical areas in 3GPP.  For example, the UTRAN ANR function purely relies on Release 10 UEs for collecting and reporting neighbour cell information able to enhance the Neighbour Relation Table of an RNC. Similarly, in LTE, the adjustment of mobility parameters between cells for resolution of mobility failures relies on the presence of Release 9 and Release 10 UEs capable of supporting the MRO function.

By means of Release 9 UEs an RNC can acquire System Information about the cells neighbouring each served cell.  It has to be noted that the serving RNC does not need to be reported System Information for cells directly served, given that all the cell configuration parameters for those cells are already known.

Moreover, an RNC can collect information about the PSCs of cells in the neighbourhood of a given target cell.  
For example, if it is assumed that a UE reports a given Cell-n with PSC-n as the strongest target cell, information about the PSCs of the cells neighbouring Cell-n are provided by the UE in the reported PSCs included in the monitored set and/or in the detected set of cells the UE is able to monitor.

Similarly, the RNC can also store timing difference information between source and target cells reported by the UE.  Such timing difference information may consist of some or all of the following (as described in [3]):

· SFN (Target Cell) – SFN (Source Cell)
· SFN (Target Cell) – CFN (Source Cell)
Alternatively, information about the HNB cells neighbouring RNC served cells could be acquired via OAM configuration.
In fact, a HNB needs to report to its OAM system a considerable amount of information regarding every detected cells neighbouring its served cell.  This information consists of, amongst other IEs, the PSC, Cell ID, LAC, RAC and CSG ID of neighbouring cells.
The HNB OAM system could send this information to the NMS via Itf-N. From the NMS this information could reach the RNC and be used to either speed up creation of a neighbour cell database or to fully create and maintain such database.   

3.2 Target Cell Disambiguation at SRNC


[image: image1]
Figure 1: Suport for HNB mobility for legacy UEs

In Figure 1 the procedures of neighbour information acquisition described in section 3.1 are shown, where the SRNC can either acquire neighbour cell information via CSG capable UEs or it can acquire them via OAM.

In addition to these procedures the figure shows the process of target disambiguation in cases of mobility involving legacy UEs.

When a legacy UE detects a target cell (by means of detecting its PSC), it will also report to the SRNC a number of other PSCs belonging to either monitored cells (i.e. cells in the macro NCL) or to detected cells (i.e. cells not in the macro NCL). Moreover, the legacy UE will report timing difference information between source and target.

The SRNC can compare the information reported by the legacy UE with the neighbour cell information previously acquired and stored. By means of such comparison the target disambiguation can be carried out. 

It has to be noted that disambiguation of the target based on detected PSCs in a given neighbourhood is a principle already acknowledged in Release 9.  In fact, Release 9 UEs can report a CSG Proximity Indicator by means of so called “fingerprinting”, which was discussed in several occasions as consisting of monitoring and recording the ecosystem of PSCs surrounding an accessible CSG cells. The same principle is used and enhanced in this solution.

3.3 Signalling Aspects
One of the main advantages of the proposed solution is that it does not require any changes in the signalling procedures currently standardised for relocation and for this reason it could be adopted purely as an implementation. 
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Figure 2: Signalling exchange for HNB mobility of legacy UEs

Figure 2 shows an example of signalling procedure following the solution proposed.  

1) Legacy UE reports the cell associated to PSC=3 as the strongest monitored cell.
The UE also reports other monitored PSCs (i.e. PSC=1 and PSC=12) and the timing difference between source cell and target cell (i.e. HNBc).

2) SRNC uses the database of neighbour cell information to disambiguate the target cell associated to PSC=3 reported by the UE.  Such disambiguation results in identifying HNBc as the target.

3) SRNC triggers a legacy RANAP: RELOCATION REQUIRED procedure towards the SGSN/MSC

4) SGSN/MSC triggers RANAP: RELOCATION REQUEST to the HNB GW, which will then forward the message to HNBc.

4 Conclusions

In this paper a new solution for support of legacy UEs during mobility to closed CSG cells is presented.

This solution relies on collection of information at the source RNC in order to disambiguate the target cell. The latter is in line with the principle followed so far in UTRAN and E-UTRAN for mobility handling.
Furthermore, the solution proposed minimises the impact on the current infrastructure, by relying on processes that are internal to the SRNC.
Finally, the solution presented does not impact any interface, allowing for interoperability with legacy HNB infrastructure.

Proposal: it is proposed that RAN3 discussed the solution presented in this paper for support of HNB mobility for legacy UEs and agrees that this solution shall be adopted as baseline for further discussions.
It is proposed to capture such agreement in [2] 
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Neighbour Cell Data Acquisition Phase – UE Assisted
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7. Mobility Signalling 








Target Cell Disambiguation





1. Measurement report (target cell’s PSC, monitored cells’ PSCs, detected cells’ PSC, Source-Target Timing Difference)





3. MEASUREMENT REPORT (SI Reporting)


[PSC, Cell Identity, CSG ID, Cell Access Mod,e CSG Membership Indication]








2. MEASUREMENT CONTROL (SI Acquisition Configuration)








4. Neighbour Cell Information Update





5. Measurement report (target cell’s PSC, monitored cells’ PSCs, detected cells’ PSC, Source-Target Timing Difference)





6. Neighbour Cell Information Lookup and Target Detection
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Neighbour Cell Data Acquisition Phase – OAM Assisted





1a. Neighbour Cells SI Report


[PSC, Cell Identity, CSG ID, Cell Access Mod,e CSG Membership Indication]








2a. Neighbour Cells Configuration


[PSC, Cell Identity, CSG ID, Cell Access Mod,e CSG Membership Indication]
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1. UE Report:�PSC=3 – Strongest�Timing Difference (PSC=3-Source)�PSC=12, PSC=1 – Detected Set





2. SRNC Detects Target Cell = HNBc
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3. RELOCATION REQUIRED
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