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1. Introduction

In the email discussion on Home eNB inbound mobility support; CSG cell identification and gap generation to receive system information from Home eNB were discussed. We think RAN2 also need to discuss how network checks UE’s accessibility to CSG cell, since this affects mobility procedure. Key issues on this aspect are entity to check UE accessibility to CSG cell and information to check UE accessibility. 
We discussed these two issues in this document and discuss possible mobility procedure.
2. Discussion
In order to check UE accessibility of the CSG cell, there are 3 candidates as entities; source cell, MME and target cell. Required information to check UE accessibility is different among these 3 candidates. We discuss possible procedure for these 3 candidates in following subsections. It should be noted that we assumed that MME has whitelist which includes TA ID and GCI for each UE and source cell has L1 cell ID list for CSG cell irrespective of candidate.
2.1. Access check initiation by source cell (macro cell)

In this subsection, the access check initiation by source cell is discussed. In this procedure, the source cell checks UE accessibility and transmits HO request to only accessible CSG cell. Source cell needs to have 2 kinds of information in order to check UE accessibility of CSG cell.

· Whitelist (i.e. tracking area code(TA ID) list) for each UE in order to know UE accessibility
· Mapping information between GCI (or/and L1 cell ID) and TA ID in order to know TA ID of neighbour cell from UE's reported GCI(or L1 cell ID)
The procedures are slightly different depending on whether mapping information is based on GCI, or L1 cell ID. Therefore, we discuss two procedures separately. Firstly, we discuss the case that GCI is used as baseline procedure. The procedure is illustrated in Figure 1.
Step1.    Source cell obtains the whitelist for each UE from MME in advance.
Step2.    UE sends measurement report including only L1 cell ID. If network signalling is required to read GCI from CSG cell (e.g. gap configuration/activation), source cell triggers the procedure, when UE reports L1 cell ID for CSG cell in measurement report. In case UE can autonomously reads GCI from CSG cell, source cell does not need to have this procedure.
Step3.    UE obtains GCI from the CSG cell.
Step4.    UE sends measurement report with GCI in addition to L1 cell ID.
Step5.    Source cell checks UE accessibility by using measurement report with GCI from UE and the whitelist from MME. If source cell considers that the cell is an accessible CSG cell and the cell is good radio condition from mobility perspective, source cell send Handover Request to MME via S1 interface.
Step6.    MME receives Handover Request from Source cell, and forwards the message to Target CSG cell.
Step7.    Target cell receives HO request and transmits HO response to source cell after judgement of HO possibility.
Step8.    Source cell transmits HO commands including HO response from CSG cell to UE. 
Step9.    UE executes handover as normal handover. 

In this procedure, MME sends whitelist to source cell and source cell keeps the whitelist in order to UE accessibility check. Therefore, drawback is the additional signalling between MME and eNB for call setup and signalling between eNBs for mobility procedure. In addition, source cell needs to manage whitelist for each UE. 
Possible benefit would be that eNB can judge gap configuration necessity based on stored UE accessibility list. Therefore, the need of gap is reduced.
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Figure 1: Access check initiation by source cell with mapping b/w GCI and TA ID (in case that the detected cell is accessible CSG cell)
In case L1 cell ID is used for mapping information to TA ID, Step3 and 4 can be removed, since measurement report with GCI is not needed for source cell. However, this behaviour is only possible when the number of CSG cell is limited. In general, L1 cell ID for CSG cell could be reused in the coverage of one macro cell. Therefore, there could be some TA IDs which correspond to L1 cell ID of detected cell. If L1 cell ID is not reused within UE whitelist, source cell can select accessible CSG cell from white list. Source cell decides to transmit HO request to only the accessible target CSG cell. If L1 cell ID is reused, CSG cell reported from UE may not be CSG cell network intended. Then, UE needs to check accessibility to CSG cell by checking the TA ID of target cell after receiving HO command, or handover is failed due to e.g. wrong RACH information. The procedure could be as follows:
Step1.    Source cell obtains the whitelist for each UE from MME in advance.

Step2’.   UE sends measurement report including only L1 cell ID.

Step3’.   Skipped
Step4’.   Skipped
Step5.    Source cell performs UE accessibility check by using measurement report with L1 cell ID from UE and the whitelist from MME. If source cell considers that the cell is an accessible CSG cell and the the cell is good radio condition from mobility perspective, source cell send Handover Request to MME via S1 interface.

Step6.    MME receives Handover Request from Source cell, and forwards the message to Target CSG cell.

Step7.    Target cell receives HO request and transmits HO response to source cell after judgement of HO possibility.

Step8.    Source cell transmits HO commands including HO response from CSG cell to UE. 

Step9’.   UE executes handover possibly with system information check before RACH procedure. 

In this procedure, MME sends whitelist to source cell and source cell keeps the whitelist in order of UE accessibility check same as previous procedure. Drawback and benefit would be same as previous procedure. However, additional drawback is overlapping of L1 cell ID means the scenario this procedure can be used is limited.

2.2.  Access check initiation by MME
In this subsection, the access check initiation by MME is discussed. In this procedure, MME checks UE accessibility and transmit HO request to only accessible target CSG. In this case, additional information is not necessary for each entity.
In case of access check initiation by MME, the mobility procedure is like Figure 2. Detailed behaviour of each step is as follows:
Step1.    UE sends measurement report including only L1 cell ID. If network signalling is required to read GCI from CSG cell (e.g. gap configuration/activation), source cell triggers the procedure, when L1 cell ID for CSG cell is included in measurement report from UE. In case UE can autonomously reads GCI from CSG cell, source cell does not need to have this procedure.
Step2.     UE obtains GCI from the CSG cell.
Step3.    UE sends measurement report included GCI in addition to L1 cell ID.
Step4.    Source cell sends Handover Request to MME via S1 interface.
Step5.    MME performs UE accessibility check by using Handover request including GCI of target cell and the whitelist. When MME considers that UE is accessible to target cell, MME forwards the Handover request to target cell.

Step6.    Target cell receives HO request and transmits HO response to source cell after judgement of HO possibility.

Step7.    Source cell transmits HO commands including HO response from CSG cell to UE. 

Step8.    UE executes handover as normal handover. 

In this procedure, MME doesn’t need to sends whitelist to source cell and source cell keeps the whitelist in order of UE accessibility check. So, additional signalling and buffer are not needed for whitelist. Drawback is signalling overhead between source cell and MME, since HO request is transmitted to MME, even if target cell is not accessible to UE. 
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Figure 2: Access check initiation by MME (in case that the detected cell is accessible CSG cell)

2.3. Access check initiation  by target cell(CSG cell)
In this subsection, the access check initiation by the target cell is discussed. 

Target cell needs to have information in order to check UE accessibility to CSG cell.

· UE list which includes S-TMSI (or IMSI) of accessible UE to the CSG cell, i.e. accessible UE 

In this case, the mobility procedure is like Figure 3. Detailed behaviour of each step is as follows:
Step1.    MME creates the UE list which includes S-TMSI of accessible UE to the CSG cell, i.e. accessible UE list in advance.

Step2.    MME sends the accessible UE list to Target cell.
Step3.    UE sends measurement report including only L1 cell ID. If network signalling is required to read GCI from CSG cell (e.g. gap configuration/activation), source cell triggers the procedure, when L1 cell ID for CSG cell is included in measurement report from UE. In case UE can autonomously reads GCI from CSG cell, source cell does not need to have this procedure.
Step4.    UE obtains GCI from the CSG cell.
Step5.    UE sends measurement report included GCI in addition to L1 cell ID.

Step6.    Source cell sends Handover Request which includes S-TMSI of UE to MME via S1 interface.
Step7.    MME receives Handover Request from Source cell, and forwards the message to Target cell.

Step8.    Target cell performs UE accessibility check by using accessible UE list. When target cell considers that UE is accessible to target cell, target cell sends Handover Response to Source cell after judgement of HO possibility.

Step9.    Source cell transmits HO commands including HO response from CSG cell to UE. 

Step10.  UE executes handover as normal handover. 

In this procedure, MME creates and sends accessible UE list to target cell in order of UE accessibility check. This requires additional signalling. In addition, unnecessary HO request from MME to target cell is expected, since UE may be not accessible to the target cell. Therefore, MME based procedure is preferable compared with this target cell based procedure.
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Figure 3: Access check initiation by target cell (in case that the detected cell is accessible CSG cell)
3. Conclusion

This document discusses UE access control in CSG cell. We propose RAN2 discusses which entity initiates UE access control of CSG cell and the information to check UE accessibility in mobility procedure. We currently prefer that MME based solution in Section2.2, since additional information is not needed for each entity. But if unnecessary handover procedure should be avoided in network, we should consider to support source cell based approach in Section2.1. If source cell based approach is used, eNB implementation will be allowed to perform mobility procedure based on L1 cell ID without checking GCI, if the number of CSG cells are limited. This is one potential benefit of source cell based approach.
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