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1. Introduction

 Reading MIB/SIB and reporting routing parameters for CSG cells has been agreed as a solution for physical cell identity confusion problem in GERAN. Considering PSC/PCI confusion can also happen in hybrid cells as well as CSG cells as stated in [1][2], proper solution should be specified irrespective of the mobile station’s membership status toward Hybrid cells. In case of UTRAN/E-UTRAN, MS’s reporting of routing parameter can be required not only for CSG cells but also for hybrid cells by SRNC/source eNB if PCI/PSC confusion exists for the target cell. However, under the current working assumptions in GERAN, mobile station is allowed to report routing parameters only when CSG ID of the hybrid cell belongs to the CSG Whitelist of the mobile station. In this paper, a handover to Hybrid cells is analyzed under current working assumptions in GERAN, and it is pointed out that current HO working assumption is not enough to cope with the handover toward non-member Hybrid cells when PSC/PCI confusion exists.
2. Problem & discussion
2.1. PCI/PSC confusion of CSG/Hybrid cell
In [1][2], PSC/PCI confusion of CSG/Hybrid cell is defined in the following manner. 

PSC/PCI Confusion: due to the typical cell size of HNB/HeNBs being much smaller than macro cells, there can be multiple HNBs/HeNBs within the coverage of the SRNC (respectively source eNB) that have the same PSC/PCI. This leads to a condition referred to as PSC/PCI confusion, wherein the SRNC is unable to determine the correct target cell for handover from the PSC/PCI included in the measurement reports from the UE. PSC/PCI confusion is solved by the UE reporting the cell identity of the target HNB/HeNB.
 The corresponding solution is specified in [1]; The SRNC (respectively source eNB) can request MS’s SI acquisition and reporting for any PSC, not limited to PSCs of CSG or hybrid cells. This method is also applicable to E-UTRAN.
 In GERAN, mobile station is allowed to read MIB/SIB when the mobile station is near a CSG or Hybrid cell whose CSG ID is in the mobile station’s CSG Whitelist and measurement reporting criteria is met. That is, the mobile station reports routing parameters of CSG or hybrid cells depending on its membership status toward them.
2.2. Handling of Hybrid cell
 In [1][2], it is stated that when the CSG ID of the hybrid cell belongs to the CSG Whitelist of the MS, the member hybrid cell is considered by the MS as a CSG cell. On the other hand, non-member hybrid cell is considered by the MS as a macro cell. Therefore autonomous search function and proximity indication procedure in UTRAN/EUTRAN will be performed toward only member Hybrid cell. However, the network can reserve a PCI/PSC list for hybrid cells as described below [2].
10.7
Hybrid Cells

Hybrid Cells have a CSG Indication bit set to FALSE but broadcast a CSG Identity and the PCI values for hybrid cells are not contained within the reserved PCI range for CSG cells. Similar to CSG cells, the network can reserve a PCI list for hybrid cells.  
 The network shall distinguish whether it is a hybrid cell, e.g. by reserving a PCI list for hybrid cells.
Therefore SRNC (respectively source eNB) may request SI acquisition and reporting regardless of proximity indication received from a mobile station. In other words, there may be cases that network should solve PSC/PCI confusion of a Hybrid cell and the solution for this is already introduced in UTRAN/E-UTRAN, even when the mobile station is not the member of a target Hybrid cell.  This is definitely required because a MS could perform a HO toward a hybrid cell even when it is not a member of that cell.
 In GERAN, in case the mobile station has CSG ID of the hybrid cell in its Whitelist, the mobile station is supposed to consider this hybrid cell as a CSG cell. And non-member hybrid cell is treated as a macro cell. Therefore mobile station does not read system information of non-member hybrid cell, and will not provide routing parameters for the non-member hybrid cell at all. According to the current agreement in GERAN, there is no way to provide routing parameter of non-member hybrid cell even PSC/PCI confusion for the hybrid cells exist. Consequently, when mobile station is not member of target hybrid cell in GERAN, handover performance toward hybrid cell will be degraded. This will be “obstacle” to HO to hybrid cells that only exists in GERAN.
3. Proposal
 In section 2, the difference on reporting procedure between UTRAN/E-UTRAN and GERAN has been analyzed. And the incompleteness of handover procedure toward Hybrid cell in GERAN has been shown.
Based on above discussion, two alternative solutions are proposed as below.
Solution 1. NW can request MIB/SIB reading and reporting to MS directly.
This is similar approach to UTRAN/E-UTRAN case. If confusion problem is estimated by network, then network could order to read target Hybrid cell to acquire routing parameter and reporting this when the network determines that target hybrid cell is a handover candidate cell. Network can use Measurement Information message and Packet Measurement Order message.

Solution 2. NW broadcasts PCI/PSC range of hybrid cells for which routing parameters are needed to solve PSC/PCI confusion.
Referring to UTRAN/E-UTRAN agreement, it is apparent that NW can distinguish whether it is a hybrid cell or not. Therefore, the broadcast of PSC/PCI range of hybrid cells by a network could be a feasible solution.  The legacy information element structure (i.e. “PCID Group IE”, “PSC Group IE”) could be reused. If NW estimates the possible PCI/PSC confusion for hybrid cells, NW may additionally provide the PCI/PSC range  to prevent PSC/PCI confusion beforehand. Therefore, if the mobile station detects UTRAN/E-UTRAN cells whose PSC/PCI is in the hybrid PCI/PSC range it can be forced to read SI and report routing parameters of the cell to solve confusion, even when the mobile station is not the member of the cell.
Sourcing company believes that Solution 2 is simpler and minimizes the impact to GERAN specification. Therefore it is proposed that Solution 2 be included in Rel-9 GERAN specification.
4. Conclusion
 As described in this paper, handover procedure toward Hybrid cells in GERAN still has “obstacle”. We should overcome the obstacle to achieve required HO performance across RATs. Sourcing company proposes the following solution.


Proposal: NW broadcasts PCI/PSC range of hybrid cells for which routing parameters are needed to solve PSC/PCI confusion.
 Unless this proposal is accepted, the handover performance degradation toward Hybrid cell, especially the mobile station is not member of the target hybrid cell, can’t be avoided. Therefore the proposed solution in this paper needs to be taken into account. 
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