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1. Introduction

Regarding the mobility handling for CSG cell, RAN2 already agreed UE based solution for LTE_IDLE UE as stated in [36.304]. However, behaviour of LTE_ACTIVE UE is not still defined. In LTE_ACTIVE, main issue is how to receive Tracking area ID (TA ID) in order to confirm whether the CSG cell is accessible for UE or not. Current agreement is that UE doesn’t need to receive BCH from non-serving cell. Therefore, it’s not clear how handover to accessible CSG cell is supported. This document discusses alternatives to support handover to accessible CSG cell. 
2. Discussion
CSG cells which use same physical Cell ID might locates in one macro cell coverage as illustrated in Figure 1. If accessibility is different among those cells (i.e. different TA IDs), eNB can’t judge accessibility to CSG cell only by using measurement report including physical Cell ID. In Figure 1, there are two cells which use physical Cell ID =35. However, only one of them is accessible to UE as example. In order to check whether accessible or not, UE needs to check TA ID by itself. There are two approaches to receive TA ID. First approach is to receive TA ID using gap before handover execution by UE (Alternative1 and Alternative 2). Second approach is to receive TA ID after handover execution (Alternative3). This issue is relevant to both intra-frequency handover and inter-frequency handover, since both of them don’t assume system information reception before/after handover. In this document, we analyse these 3 alternatives below by using inter-frequency measurement scenario as example.
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Figure 1: structure of CSG cell and macro cell
Alternative1: long gap approach 

In this alternative, eNB allocates long gap to receive TA ID from CSG cell. At first UE measures CSG cell frequencies using normal gap pattern (i.e. gap length is 6ms and inter-gap length is multiple of 10ms), and sends measurement report (i.e. 1st measurement report in  Figure 2) to eNB based on event trigger as illustrated in Figure 2. Source eNB (SeNB) configures long gap to UE by measurement configuration in order to receive SIB1 of target CSG cell after 1st measurement report, if there is a possibility that reported cell is accessible cell to the UE. After UE receives SIB1 at long gap, eNB is informed by UE whether UE can access Target eNB (TeNB) or not.  After 2nd measurement report, normal handover procedure can be used, e.g. Handover Request/Response/Command and RACH procedure. 
The benefits of the alternative1 are

-  UE can check access permission of target CSG cell and TA ID. Therefore, SeNB can identify TeNB without ambiguity from the measurement result of UE.

- this behaviour is similar to the required behaviour for SON in order to obtain Global Cell ID, though it’s not clear how long DRX should be used for SON also.
The drawbacks are
- additional signaling to reconfigure gap and reduction of user throughput by long gap length.
- UE requires to receive system information during gap, even if UE is active
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Figure 2: handover procedure of alternative1
Alternative2: Frequent SIB1 transmission

In this alternative, CSG cell transmits SIB1 frequently based on request from macro cell. As same as altenative1, UE measures frequency which supports CSG cell, and sends measurement report to SeNB. After the 1st measurement report, SeNB transmits SIB configuration to possible TeNBs in order to change the frequency of SIB1 retransmission as illustrated in Figure 3. As UE only identifies physical Cell ID at this 1st measurement report, the possible TeNB could be multiple if multiple accessible CSG cells with same physical Cell ID could be seen. After SIB configuration, possible TeNBs retransmit SIB1 more frequently. The frequency/power should be enough frequent/high for UE to receive SIB1 by using normal gap without HARQ reception (i.e. 6ms gap interval). After UE receives SIB1 from one of TeNBs, the procedure is same as alternative1.
The benefit of the alternative2 is

- UE can avoid the reduction of user throughput by long gap length in alternative1. 
The drawbacks are
- The network interaction could be complicated because the request of SIB configuration from SeNB to the target TeNBs is only physical Cell ID via S1 interface. The network internal overhead is also increased.
- The change of SIB1 retransmission frequency may lead additional air overhead in CSG cells. This is especially true in case of TeNBs are multiple.
- UE requires to receive system information during gap, even if UE is active
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Figure 3: handover procedure of alternative2
Alternative3: SIB1 reception after handover  

In this alternative, UE receives SIB1 and configuration in target cell after handover. There are two possibilities within this alternative. 

Alternative 3a) UE measures physical Cell ID and reports to SeNB. SeNB transmits Handover Request to possible accessible CSG cells. Accessible CSG cells respond handover permission as Handover Response to SeNB. After reception of Handover Response, SeNB transmits indication to perform handover with flag to indicate that SIB1 reception is required from TeNB before RACH procedure as Handover Command to UE as illustrated in Figure 4. 
Alternative 3b) UE measures physical Cell ID and reports to SeNB. If physical Cell ID is usage for CSG cell, SeNB transmits indication to perform handover with flag to indicate that SIB1 reception is required from TeNB before RACH procedure as Handover Command to UE. Therefore, no interaction between SeNB and TeNBs as illustrated in Figure 5.
In both alternatives, after Handover Command, UE checks SIB1 in order to confirm whether UE can access TeNB or not before RACH procedure. In alternative 3b, UE also receives other parameters from BCH. If TeNB which UE detects is accessible, UE continues handover procedure as illustrated in Figure 4 and Figure 5. Handover Response/Command in this procedure is different from those of normal handover procedure. The reason is that it’s not possible to select Handover command in Handover Responses from several accessible CSG cells, if there are a lot of accessible CSG cells which uses same physical Cell ID within macro cell coverage. Therefore, UE needs to receive configuration in target cell after handover by system information or dedicated signaling.
The benefits of the alternative3 are
- SeNB only needs to inform UE whether UE should check SIB1 before RACH procedure, or not.
- In case that TeNB is accessible for UE, handover time may be short compared with other alternatives in alternative 3a. This merit is not seen alternative 3b.
- In alternative 3b, the network internal interaction is simpler because no internal interaction between SeNB and TeNB.
The drawback is
- UE needs to support BCH reception during handover procedure in both alternative 3a and 3b.
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Figure 4: handover procedure of alternative3a in case that TeNB is accessible CSG cell for UE
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Figure 5: handover procedure of alternative3b in case that TeNB is accessible CSG cell for UE

3. Conclusion

This document discusses CSG cell handover behaviour when UE performs handover from macro cell to CSG cell. We propose RAN2 discusses whether UE needs to receive SIB1 before handover execution based on our analysis for three alternatives, or not. We currently see alternative 1 is better from interaction between source cell and target cell perspective, if many accessible CSG cells with same physical Cell ID could be seen. If the number of accessible CSG cells with same Cell ID is not so much, alternative 3 is better from handover delay perspective.
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