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1
Introduction
The offloading of UEs from macro cells to closed subscriber group (CSG) cells improves the efficient use of network resources. Proximity indications are designed to facilitate such handovers. This means that a UE may be configured by the network to send a report to the serving cell that it has entered or left the proximity of a CSG cell whose CSG ID is in its whitelist [1]. 

The 3GPP Release 10 specifications leave the implementation details and accuracy of the proximity indication feature unspecified. Therefore, UE manufacturers could in principle choose to base proximity indications on some simple but not very accurate information, such as the cell identity of the serving macro cell or the PCI range assigned to CSG cells. But the problem is that inaccurate proximity indications, while better than nothing, do not help that much in facilitating handovers and reselections. Operators may decide not to take proximity indications into use if their accuracy is not made good enough or easily testable.
In Rel’11 Hetnet discussion, there has been discussion on using a mechanism similar to proximity indication for inter-frequency small cell discovery. During the e-mail discussion [77#31], network-based proximity indication proposals was mentioned as an alternative.
This contribution attempts to address this problem by proposing an alternative method that UEs could use for determining with reasonable accuracy when to send proximity indications. 
2
Rel’9 Proximity Indication
The specifications state that the UE keeps a so-called CSG whitelist, which is a list of the CSG cells that the UE is allowed to connect to. The whitelist is provided by the non-access stratum. The term ‘CSG whitelist’ stands for either the “allowed CSG list” or the “operator CSG list” contained in the so-called UE context [2]. Each CSG list has the form of a list of CSG IDs and the associated PLMNs. 
The CSG ID of a cell is included in the SystemInformationBlockType1 message, which is part of the system information broadcast on DL-SCH [3]. Each CSG ID identifies uniquely a closed subscriber group (CSG), which contains one or more cells. Thus, before the UE can determine whether it is allowed to connect to a CSG cell, it must acquire somehow the CSG ID of the cell and check whether the CSG ID is in its whitelist.
When a UE is connected to a macro cell in RRC_CONNECTED, the UE may be configured to send a ProximityIndication message to the macro eNB [3] when the UE detected that it has entered or left the proximity of a CSG cell that is in its whitelist. After receiving the proximity indication, the macro eNB may then decide that the CSG eNB is a suitable handover target and request the UE to read the system information of the CSG eNB. On the other hand, if the UE does not send a proximity report, then this means that the UE has estimated that it does not have access rights to the CSG cell. 
When the UE is in the RRC_IDLE mode, the UE does cell reselection autonomously and proximity indications are not necessary. Therefore, the details of proximity indications in the RRC_IDLE mode are left to the UE implementation.
3
Discussion on use of proximity indication in Hetnet scenarios
As the proximity indication stands now, the UE onyl indicates whether it enters or leaves a “proximity area”, which is currently specified based on UE autonomous search. While this provides good potential for easy improvements for intra-frequency small cell detection without needing specification change, the weakness of the method is that there are no performance requirements defined for the procedure.
Considering a typical Hetnet scenario, the main use case for a proximity indication would be indication of an inter-frequency cell detection (typically a small cell). As we see it, a useful inter-frequency proximity indication would fulfill the following requirements:

· Clearly specified when the proximity indication triggers (i.e. has specified performance requirements)

· Can indicate the triggering cell type (e.g. pico or macro cell)

· Includes a measurement result of the triggering cell (the accuracy of the result might be relaxed from the current intra- or inter-frequency measurement accuracy requirements)

In [4], it was proposed to use a two-step proximity indication: A coarse proximity indication, triggering more frequent measurements, and the existing Rel’9 proximity indication to indicate a small cell detection. However, this would still have the same chicken-and-egg problem: To send a proximity indication, UE should detect proximity, and to do that, UE might have to have indicated proximity to have received measurement indication from eNB...Hence, we believe that proximity indication could be best discussed together with the small cell discovery mechanisms.
4
Enhancing proximity indication 
4.1
Rel’9 Proximity indication accuracy
Before determining whether a UE is allowed to connect to a CSG cell, the CSG ID of the cell must be checked against the UE’s whitelist. The UE could acquire the CSG ID by reading the system information of the CSG cell. However, reading system information takes away resources from regular data transmission, so it should be done only after it has been determined by some other less accurate means that the CSG cell probably belongs to the UE’s whitelist. 
The performance requirements of proximity indication have been left more or less unspecified, since it is difficult to define the conditions that should trigger a proximity indication. Since the implementation details of the feature are left to the vendors, the macro eNB may have little knowledge about the accuracy of the proximity indications, and their usefulness to the macro eNB may be limited because of this.
If the proximity indication feature is not available, it may be necessary for the UE to read the system information of every potential handover target cell, even when the cell is not in the UE's whitelist. On the other hand, if the proximity indication feature is available and is known to be accurate enough, then the UE can use it to avoid most of the CSG cells that are not in its whitelist and the macro eNB can order the UE to read the system information of a CSG cell only when it is fairly sure that the cell is in the UE’s whitelist. 
[image: image1.png]UE

"""" ’A<—Macro eNB

CSG eNB




Figure 1. Proximity indication scenario
4.2
Possible solutions for enhanced proximity indication
In the following we describe some possible solutions to the problem of how a UE may determine with reasonable accuracy whether it is allowed to connect to a CSG cell:
1. UE autonomous solution: This is the current solution where the UE autonomously decides when to send proximity indications. 

a. Pros: Simple to configure.
b. Cons: No accuracy requirements; different UE implementations make it difficult to test; does not remove the problem of PCI confusion.
2. Network-assisted solution: If the network elements are coordinated so that each macro cell knows the PCIs of the CSG cells in its coverage area, then in most situations it may be possible to skip reading the system information.
a. Pros: Almost completely solves the problem.

b. Cons: Expensive; the network is required to have knowledge that may be very difficult to obtain; PCI confusion is still possible so that reading the system information may still be required.
3. Network-assisted UE-based solution: The UE maintains PCI-to-CSG ID mappings of its whitelisted CSG cells along with the IDs of the macro cells where the CSG cells were last found, and the network maintains a list of the IDs of the CSG cells within its coverage area. When the UE detects a cell with a PCI matching one of its PCI-to-CSG ID mappings, the UE generates a proximity indication containing the PCI and the CSG ID, along with a measurement result of the cell. The macro eNB may then check its list whether this information matches the current whitelist information at the MME.
a. Pros: Improved accuracy and testability, since the macro eNB receives a measurement result of the CSG cell; a priori knowledge of the PCI of CSG cells; simple rules for determining when to request reading the system information; can also be used in idle mode by the UE for determining autonomously at an early phase whether to attempt reading the system information.
b. Cons: UE implementation complexity; requires some bookkeeping.
Of these, the purely UE-based or purely network-based solutions might place undue burden on either node. Therefore, we think that if the proximity indication is to be improved, it would be best if the solution could share the burden between the UE and the macro eNB. Hence, we believe that solution 3 in the above list or something similar could be considered.

Proposal 1: RAN2 should consider whether a new type of proximity indication would be needed for assisting in small cell discovery.

Proposal 2: RAN2 should discuss whether a proximity indication would be based on UE autonomous solution, network autonomous solution or a combination of the previous.
5
Conclusion
According to the 3GPP Release 10 specifications, an E-UTRAN network may configure a UE to send a proximity indication to the serving cell when the UE enters or leaves the proximity of a CSG cell. Nevertheless, the implementation details and the accuracy of the proximity indication feature have been left unspecified. This might limit the usefulness of the proximity indication feature. In this contribution we have proposed a simple mechanism to improve the accuracy by dividing the task between the network and the UE.

Proposal 1: RAN2 should consider whether a new type of proximity indication would be needed for assisting in small cell discovery.

Proposal 2: RAN2 should discuss whether a proximity indication would be based on UE autonomous solution, network autonomous solution or a combination of the previous.
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