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1
Introduction

Closed Subscriber Group (CSG) proximity detection testing was discussed in RAN4#62 [1, 2], but no agreement was reached on the proposals for the performance requirement and test case. A way forward was agreed during the meeting to introduce minimum requirement for CSG proximity reporting, along with a baseline reference implementation for testing in order to check whether a UE fulfills the minimum requirements [3]. In this contribution, we present our view on this important issue. 
2
Discussions

CSG mobility including inbound mobility (to CSG cells) or outbound mobility (from CSG cells) may happen when the UE is either in idle-mode or in connected mode. CSG mobility may be an intra-frequency, inter-frequency, or inter-RAT scenario. Cell selection/reselection/detection during CSG mobility may be based on a UE autonomous search function or manual function.
For a UE working in UTRAN idle-mode, the CSG reselection requirements are already defined[4], which includes reselection from a non UTRAN CSG to an inter-frequency UTRAN CSG cell, and reselection from a non UTRAN CSG to an inter-RAT E-UTRAN CSG cell. Similarly, for a UE working in E-UTRAN idle-mode, the CSG reselection requirements are also defined, which includes the reselection from a non E-UTRAN CSG to an inter-frequency E-UTRAN CSG cell, and reselection from a non E-UTRAN CSG to an inter-RAT UTRAN FDD CSG cell. 
For a UTRAN UE in CELL_DCH state, or an E-UTRAN UE in RRC_CONNECTED state, the capability of CSG proximity detection is essential for the handover between NB/eNB and HNB/HeNB under the framework of UE assisted network controlled handover scenarios. The proximity indication is helpful for the source NB/eNB to configure the UE to perform measurements and reporting for the concerned frequency/RAT, and determine whether to perform other actions related to handover to HNB/HeNBs based on having received a proximity indication. For example, the source eNB may not configure the UE to acquire system information of the HNB/HeNB unless it has received a proximity indication. In addition, 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 source eNB that have the same PSC/PCI. The measurement reports from the UE, which contains the global cell identity of the target HNB/HeNB will help the NB/eNB to determine the correct target cell for handover.
As shown in the handover call flow of Figure 1, the source eNB configures the UE with proximity indication control in Step 1 with report proximity configuration information. After receiving the message, the UE determines it may be near a cell (based on autonomous search procedures) whose CSG ID is in the UE’s CSG whitelist. The proximity indication includes the RAT and frequency of the cell. Once detected, the UE sends an “entering” proximity indication in Step 2. After that, if a measurement configuration is not present for the concerned frequency/RAT the source eNB configures the UE with relevant measurement configuration including measurement gaps as needed, so that the UE can perform measurements on the reported RAT and frequency. The network may also use the proximity indication to minimize the requesting of handover preparation information of CSG/hybrid cells by avoiding requesting such information when the UE is not in the geographical area where cells whose CSG IDs are in the UEs CSG White-list are located.
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Figure 1: Mobility to HeNB’s CSG and hybrid cells [6]
To assist the search function, all CSG cells broadcast in system information a range of physical cell identity (PCI) values reserved by the network for use by CSG cells. Optionally also non-CSG cells on the mixed carrier can send this information in system information. The UE considers the last received reserved range of PCI values for CSG cells to be valid for a maximum of 24 hours.
The successful of the CSG handover largely depends on the performance of the autonomous search function implemented in the UE. There could be multiple approaches for proximity detection. If the UE is capable of determining its current location based on GPS, E-CID, OTDOA, or other positioning methods, the CSG cell proximity detection may be based on the stored finger print of previously visited CSG cells and UE current location information. The positioning-based approach, however, may not be suitable as the baseline implementation, because it depends on the availability of positioning information.

A macro cell based approach is described in [1], where “the fingerprint information stored in UE is macro cell radio information, and then UE detects of proximity based on measurement on macro cells”. This approach is general enough to be applicable to all UEs. One issue of the approach, in our view, is that the performance of the proximity detection of the whole macro cell figure print may be still too rough to be served as baseline implementation. Thus, the approach needs to be further improved to be served as a baseline implementation.

In the following, we give two proposals for the baseline reference implementation for ‘entering’ CSG cell indication. One is based on the CSG PCI broadcasted by the macro cell; and then other is based on the stored macro cell information.

Based on PCI broadcasting. In this implementation, to assist the search function, the macro cell will broadcast a range of PCI values reserved by the network for use by CSG cells. When the UE is connected to the macro cell, the UE obtains the PCI values reserved by the network for use by CSG cells. Once the UE has the information, it should start searching CSG cells, just like the search of inter-frequency cells. The reporting delay may be defined similar with the delay of inter-frequency cell searching. If the UE finds any CSG cell whose CSG ID is in the UE’s CSG whitelist during the search, the UE will send a ProximityIndication message to the network to indicate that the UE is entering the proximity of the CSG cell. Otherwise, the UE should not report entering the proximity of a CSG member cell.

Based on stored cell information. In this implementation, the macro cell does not broadcast a range of PCI values reserved by the network for use by CSG cells. The UE needs to store the association of the previously served macro cell identification with the CSG cells. When the UE is re-connected to the macro cell within 24 hours, the UE should start searching CSG cells, just like the search of inter-frequency cells. The reporting delay may be defined similar with the delay of inter-frequency cell searching. If the UE finds any CSG cell whose CSG ID is in the UE’s CSG whitelist during the search, the UE will send a ProximityIndication message to the network to indicate that the UE is entering the proximity of the CSG cell. Otherwise, the UE should not report entering the proximity of a CSG member cell.

Note: Since it is optional for the macro cell to broadcast a range of PCI values reserved by the network for use by CSG cells, we prefer the approach based on stored cell information as “the baseline reference implementation for ‘entering’ indication.

After the UE sends ‘entering’ CSG cell indication, the UE may leave the CSG cell’s fingerprint before being handovered to the CSG cell. In this case, the UE should send a ProximityIndication message to the network to indicate that the UE is leaving the proximity of the CSG cell. The reporting delay for sending the ‘leaving’ CSG cell indication should also be included in the baseline reference implementation. The reporting delay may also be defined similar with the delay of inter-frequency cell searching.
3
Conclusion
In this paper we discussed the baseline implementation for CSG proximity detection for testing. We gave two proposals for UE to send ‘entering’ indication: one is based on PCI broadcasting and the other based on stored cell information. The UE is required to search for CSG cells when it enters the fingerprint of a macro cell with PCI broadcasting or with stored cell information. If the UE finds any CSG member cell, the UE should send a ProximityIndication message to the network to indicate that the UE is entering the proximity of the CSG member cell. The reporting delay should be defined similar with the delay of inter-frequency cell searching. If the UE cannot find any CSG member cell, the UE should not report entering the proximity of a CSG member cell to the network. After the UE sends ‘entering’ CSG cell indication, the UE may leave the CSG member cell’s fingerprint before being handover to the CSG cell. In this case, the UE is required to send a ProximityIndication message to the network to indicate that the UE is leaving the proximity of the CSG member cell. The reporting delay for sending the ‘leaving’ CSG cell indication should also be included in the baseline reference implementation. The reporting delay may also be defined similar with the delay of inter-frequency cell searching.
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