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1 Introduction

In RAN#43 meeting the Release 9 work item on support of H(e)NB enhancements RAN3 aspects [1] was agreed.  Inbound handover to CSG cell issue is an important feature of the WID. In this contribution we discuss legacy mobile supporting for inbound handover to CSG cell procedure.
2 Discussion
For the complexity of inbound handover and critical timescale of Rel8 standard progress reason, the inbound handover to CSG cell feature was delayed to Rel9. Then for Rel9 network, Rel8 and pre-Rel8 mobiles are to be legacy. When the network is upgraded from Rel8 to Rel9, from network operating point of view, it is not a good idea to ask all subscribers to buy a new UE for supporting Rel9 network. So pre-Rel9 (i.e. Rel8 and pre-Rel8 mobiles) mobiles need to be supported in the Rel9 UMTS network, and Rel8 mobiles need to be supported in the Rel9 LTE network. 
Proposal1: RAN3 to confirm that support of inbound handover for legacy mobile is needed.
According to RAN#43 agreements RAN2 have the primary responsibility and RAN3 have the secondary responsibility for inbound handover feature. As the number of CSG cells is large, more than 512 CSG cells may exist in a macro cell’s coverage area, PCI/PSC confusion is the main problem to be resolved. To resolve the PCI/PSC confusion problem, in last RAN2#65bis meeting some solutions for inbound handover were proposed and discussed but no agreement was reached. And now email discussion on inbound handover is being performed in RAN2 reflector [2]. In general there are three types of solutions: UE based solution, network based solution and other solution. The solutions support legacy mobiles is discussed in following paragraph: 

· UE based solution: 
· UE uses measurement gap to read BCCH of CSG cell and obtains (e)CGI and CSG ID, and then report to network. PCI/PSC confusion problem is eliminated. 

Analysis: In this solution the UE needs to be assigned long measurement gap to read BCCH of CSG cells. Most of the companies think long measurement gap will lead radio link failure and natural DRX period is not enough for UE to read MIB and SIB1 of H(e)NB. On the other hand legacy mobiles can not be supported. 

· Network based solution:

· Source (e)NB maintains an association of PCI/PSC to cell global ID: ANR functions are used to generate the PCI/PSC to CGI association at the Source (e)NB. This approach does not require any assistance information from the UE that is seeking the handover.
Analysis: Can not resolve PCI/PSC confusion.
· UE reports timing difference between serving cell and target H(e)NB: UE reports timing difference between serving cell and target H(e)NB in measurement report. Source (e)NB maintains an association of PCI/PSC, timing difference and CGI. If a particular PCI/PSC and timing difference combination is not known to the source (e)NB, UE can be asked to report CGI. If there is PCI/PSC confusion, source eNB sends a handover preparation message to all the H(e)NBs with the reported PCI/PSC along with the timing difference information. The H(e)NB with the correct timing difference accepts the handover.
Analysis: If a particular PCI/PSC and timing difference combination is not known to the source (e)NB, UE still need to report CGI. Maybe more than one target H(e)NB has the same timing difference between serving cell since there are many H(e)NBs in the macro cell coverage. In this case, PCI/PSC confusion can not be resolved. This solution cannot support legacy mobiles since UE needs to report timing difference in measurement report.
· H(e)NB transmits a second PSC/PCI: This solution is based on the first of network based solution (i.e. Source (e)NB maintains an association of PCI/PSC to cell global ID). RNC or eNB maintains an association of PCI/PSC and (E)CGI. The mapping between PCI and ECGI/CSG ID of eNB may be obtained from OAM/SON server or via X2 interface between HGW and eNB. New message on S1 interface also may be considered. The exact mechanism for source eNB obtaining the mapping information between PCI and ECSGI/CSG ID is FFS. For optimised option, RNC or eNB may obtain allowed CSG list from CN node. When UE reports PSC/PCI of target H(e)NB in measurement report, RNC or eNB may sends handover require message to those H(e)NBs which are in the allowed CSG list and ask H(e)NB to transmit a second PCI/PSC. The second PCI/PSC is not used by other H(e)NB in the macro cell coverage. At each H(e)NB that uses the reported PSC/PCI, a second PSC/PCI is transmitted. The second PSC/PCI is provided by the network. The source (e)NB sends measurement control command to UE. UE measures and reports the second PSC/PCI, when the network receive the second PCI/PSC, the network consider the target H(e)NB by combining the two PCI/PSC. The network commands the UE to handover to the target H(e)NB. After the UE handover to the H(e)NB successfully the H(e)NB turn off the second PCI/PSC. So the network resolves PSC/PCI confusion.
Analysis: Can resolve PCI/PSC confusion. UE does not need to read BCCH of CSG cell. This solution has no impact on UE, so legacy mobiles are supported for inbound handover.
· Other solutions:
·  (For LTE inter-freq mobility) HeNB transmits its system information on frequencies other than its serving frequency: UE can acquire system information of H(e)NBs operating on a different carrier. H(e)NB operating on carrier B transmits relevant system information (MIB, SIB1) on carrier A. UE receives the H(e)NB system information (CGI and CSG ID) and performs preliminary access check and PCI collision resolution (requires a measurement gap or long enough idle periods).
Analysis: This solution can support legacy mobiles (i.e. release 8 LTE mobiles). And this solution is only for LTE inter-frequency mobility and does not address intra-frequency mobility. And will introduce interference to macro cell. 
· (For UTRA inter-freq mobility)HNB transmits its system information on frequencies other than its serving frequency: HNB operating on carrier B transmits relevant system information (MIB, SIB1, SIB3) on carrier A. UE receives the HNB system information (CGI and CSG ID) and performs preliminary access check and PSC collision resolution.
Analysis: This solution is only for UTRA inter-frequency mobility and does not address intra-frequency mobility. And will introduce interference to macro cell. Moreover, this solution can not support legacy mobiles (i.e. pre-Rel9 UTRA mobiles).

· For the target H(e)NB to play the preliminary access check role during the mobility procedure and to trigger the inbound handover once detected the CSG UE: UE reports PSC/PCI of target H(e)NB in measurement report; The target H(e)NB should be configured with the physical layer configuration of the UE in order to detect the UL (in particular the UL scrambling code) by a message, such as a enhanced RL setup request message (extent the message by the UE physical layer configuration information and UE identity, i.e. IMSI) from macro RNC/eNB. Preliminary access check can be done by the target H(e)NB (assuming H(e)NB has UE’s CSG membership). If the H(e)NB is accessible to the UE, the target H(e)NB should detect and attempt to synchronise the UE by the physical layer configuration of the UE. The target H(e)NB should report detection to macro network, such as, sending RL Restore Indication to macro RNC as example in UMTS. And then RNC/eNB would trigger the UE to move the target H(e)NB. Signalling could be based on Iur/X2 or Iu/S1.
Analysis: To resolve the PSC/PCI confusion without allocation the long gap, and to support legacy UE. This is a possible approach is for the target H(e)NB to play the preliminary access check role during the mobility procedure, and to trigger the inbound handover once detected the CSG UE.
From the analysis above, it shall be possible for legacy UE to resolve the PSC/PCI confusion problem during inbound handover.
Proposal2: A common solution that applies for different cases and has minimum impact on mobiles (especially legacy mobiles) is preferable.
3 Conclusion and Proposal
Proposal1: RAN3 to confirm that support of inbound handover for legacy mobile is needed.
Proposal2: A common solution that applies for different cases and has minimum impact on mobiles (especially legacy mobiles) is preferable.
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