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1. Introduction
This contribution explores the problems encountered in the handover of pre-Rel-9 UEs in the presence of Primary Scrambling Code (PSC) confusion. “PSC-confusion” occurs when multiple neighboring HNB cells using the same PSC lie in the vicinity of the serving cell for an UE. The same problem for Rel-9 UEs is considered in [1].
2. Problem Statement

Upon relocating a UE in CELL_DCH from a UMTS macro cell to a HNB cell, a combined SRNS Relocation with hard hand-over is required, due to the lack of an Iur connection. For identifying the target of this relocation, SRNC can currently rely on:

· UE measurement reports
· an implicit (OA&M) mapping measurements to target RNC (to use in SRNS Relocation).

Measurements currently only optionally provide the 28-bit global cell-id. In fact, the RANAP measurement procedure assumes that the RNS never requests cell id reporting by the UE. Other measurable parameters (like PSC of the measured cell) might aid in narrowing down the candidate list of cells whose measurement are taken, but cannot guarantee the identification of the target HNB in an unrestricted HNB deployment. This leads to inefficiencies and ambiguities in RANAP signalling, as multiple candidate target HNBs may have to be prepared for handover. This problem is commonly known as the “PSC Confusion” problem.
3. Considerations
In this contribution, we only consider normal hand-over initial using RANAP Relocation procedures, as in Figure 1.
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Figure 1 – Initiation of the Relocation procedure, case of HNB target candidates
We also only consider the case where the HNB-GW can be uniquely identified by virtue of deployment choice. We also assume that the HNB-GW forwards the relocation requests to all candidate target HNBs. This section explores the tools available to identify the set of candidate target HNBs.
3.1. HNB disambiguation support

In Release-8, a “Source RNC to Target RNC Transparent Container” is used by the RANAP Relocation procedure to supply a 28-bit Target Cell ID to the HNB-GW
. The actual target Cell ID may be unknown, due to the PSC Confusion problem.
Given the lack of target cell-id, the following information should – ideally – be made available to the HNB-GW to support disambiguation:

· PSC of the target cell that triggered the relocation request: should be available from the optionally included measurement report (at most 9 bits, but could be less)
· the disambiguation problem is aggravated if this information is not included

· Identity or location of the source (macro) cell [28 bits]
If the source cell id is available, HNB-GW can correlate it with Radio Environment Measurements from the HNB (HNBAP changes may be needed to make these measurement mandatory at HNB Registration time, and possibly also through post-registration updates). Such a “macro to HNB-candidate set” mapping at the HNB-GW, along with HNB PSC information, helps narrow down the target HNBs.

Solutions to reduce the disambiguation problem:

a) Make available at the HNB-GW the above two desired pieces of information by:

a. sending, in the “Source RNC to Target RNC Transparent Container,” the global cell id of the source (macro) cell. 

· A new IE, or the existing Target Cell Id could be used for that purpose

b. Making it mandatory for the SRNC to also provide the measurement report with the target HNB’s PSC.
Alternatively, the RANAP Relocation can be forwarded to all potential HNBs, leaving up the the HNBs to notify the HNB-GW whether they are candidates or not. It is FFS whether such an approach would not create excessive Iuh signalling.
b) Include additional measurements (e.g. CFN-SFN difference) in the RANAP Relocation message, as well as corresponding information to correlate with on the HNBAP side, to further narrow down the list of candidate HNBs
c) Prior to handover, attempt uplink synchronization on the target candidate HNBs (as derived from the RANAP Relocation information) to further narrow down the list of handover candidate HNBs.
d) Consider ranking of target HNBs, based on UE measurements, as well as HNB-UE uplink synchronization results from (c).
Use of CSG/HNB access control information for relocation purposes is discussed in section 3.3.
3.2. RRC Command in Relocation Acknowledgement
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Figure 2 – Relocation procedure, case of HNB target candidates. RRC Handover problem
Recognizing that uniquely identifying HNBs is particularly challenging (see section 3.1), we consider here the case where multiple candidate target HNBs are identified (e.g. HNB1 and HNB2 in Figure 2).

Following the Rel-8 RANAP Request procedure, each of the candidate HNBs acknowedges the Relocation Request, by including an RRC Handover message for the SRNC to apply to the UE (in the “Target RNC to Source RNC Transparent Container“)
If a single target HNB cell was identified (sections 3.1 and 3.3), the solution is straightforward. If, however, multiple candidate target HNBs were identified, different RRC Handover messages may be received by the HNB-GW through RANAP Acknowledgmenets from the target candidate HNBs. Which, if any, of these RRC Handover messages should the HNB-GW pick to forward to the SRNS through the CN?
Possibilities:

a. All HNBs are required to have a standard acknowledgement RB setup (e.g. a DCH R99)

· Each HNB would be able to reconfigure the UE after it hands over from the SRNS

b. The HNB-GW ranks the target candidate HNBs (c.f. section 3.1), and only prepares relocation in one HNB at a time, in the order of the likelihood ranking.
· If the relocation was prepared in the incorrect HNB, the CELL_DCH UE will revert to the source, in which case the SRNS will have to allow relocation to be re-tried to the next candidate HNBs. The SRNS may also need to notify the HNB-GW of the failure.
c. The HNB-GW uses solution (a) to prepare relocation in progressively lower likelyhood sets of HNB candidates.

3.3. Access Control

Referring again to Figure 2, it is worth considering how relocation is handled if both HNB1 and HNB2 are candidate target cells (without considering UE access), yet – for instance - the UE is only allowed access to HNB1
.
In this case, we propose to prepare (simultaneously or sequentially, c.f. 3.2) only the cells where the UE is allowed access
· If the CELL_DCH UE hands over to a HNB where it does not have access, the UE will revert to the source, and the relocation can be further handled as described in 3.2 b.
4. Conclusion

To solve the “PSC Confusion” problem for intra-frequency hand-overs, it is proposed to consider the options listed in section 3, namely:
Proposal 1: When a relocation target is a HNB, the source global cell-id  shall be made available to the HNB-GW.
Proposal 2: The HNB shall provide its Radio Environment Measurements (c.f. 32.582 and TR-196) to the HNB-GW.
Proposal 3: If the target cell id cannot be made available to the HNB-GW, the HNB-GW shall be provided with the target PSC. If the relocation was triggered by a UE measurement report, this is achievable by including it in the RANAP Relocation. Currently, the inclusion of that measurement is optional.
Proposal 4: The HNB-GW shall rank candidate HNBs based on the likelihood of being the target HNB. Likelihood can be established based on UE received power at the HNB, and/or on UE measurements.
Proposal 5: The HNB-GW shall only prepare the relocation for target HNBs where the UE is allowed access.
Proposal 6: The HNB-GW shall attempt relocation to one or multiple candidate target HNBs at a time, in ranking order.
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� This access control information is available at the HNB-GW





�Only in the UE Involved Relocation, which would be the case here.
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