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1
Introduction

Closed Subscriber Group (CSG) proximity detection testing was discussed in RAN4#62Bis [1, 2, 3]. The way forward on the baseline reference implementation for CSG proximity detection testing was agreed [4]: 
· The baseline reference implementation for CSG proximity detection testing is:

· Fingerprinting information shall at least be based on macro cell information including EARFCN/UARFCN, PCI/PSC et.al.

· Additional use of other 3GPP radio signals to further localize the proximity detection is FFS. 

· A decision should be taken at RAN4#63 as to whether the proximity detection is based on macro cell information alone or uses additional 3GPP signals..

· Positive testing shall be introduced;

· Negative testing should be introduced provided a procedure can be found that doesn't fail any good UE implementation;

· How to run testing is left FFS.

· Parameters and performance requirements for CSG proximity detection should be finalized in RAN4 #64 meeting.

In this contribution, we continue the discussion on this important issue, focusing on the baseline reference implementation for CSG proximity detection testing. 
2
Discussions

2.1
Issues of baseline reference implementation based only on macro cell finger printing
As discussed previously, 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.
In the handover procedure with CSG proximity detection, the source eNB configures the UE with proximity indication control 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 to the eNB. 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 reported measurements will help the eNB to make handover decision for the UE similar with regular handover. 

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 GPS positioning-based approach, however, may not be suitable as the baseline implementation, because it depends on the availability of GPS 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. However, there are a number of issues associated with the approach: 
I. May not be able to provide CSG cell measurement after reporting “entering proximity”
According to the handover procedure with CSG proximity detection, the eNB will ask the UE to provide CSG measurements after the UE reports “entering” CSG proximity. If the UE reports “entering” CSG proximity right when it enters the macro cell coverage edge, the UE will not be able to report CSG measurements if the CSG cell is not located in the cell edge. Even if the CSG cell is located in the cell edge, the chance for the UE to be able to able to report CSG measurements is still very low. For example, assume the macro cell coverage radius is 1km, and CSG cell coverage radius is 50m. The fail rate is about 1-50/1000=95% even if the CSG cell happens to be located in cell border. 

II. Impact on UE’s performance
After the UE reported entering “proximity” but failed to report CSG cell measurements, the eNB has no idea how close the UE is to the CSG cell, and has to allocate RF resource (measurement gap) for the UE to search CSG cell. Assume gap patter 0 is used, then the resource waste is about 6ms/40ms = 15%, which will significantly impact the UE’s throughput. 
III. UE power consumption

There will be significant on UE power consumption once the UE is instructed to continue search CSG cell with measurement gap.

IV. Impact on UE implementation
If the test case is designed based only on macro cell information, which requires the UE to report the “proximity” right when it enters the macro cell coverage edge, the test case will force all UEs to be implemented the same way in order to pass the test, i.e., reporting the “proximity” right when it enters the macro cell coverage edge, at least under the similar working condition as defined in the test case. Although this does not block the UE to use other approaches, such as GPS, to improve the performance of proximity detection under different working conditions, the test will prevent the UE from having better design that uses additional E-UTRAN information for improving the “proximity” detection.
2.2
Proposed baseline reference implementation for CSG proximity detection testing
To overcome the issues discussed previously associated with the CSG proximity detection based only on macro cell finger printing, we should come with a more realistic baseline reference implementation for CSG proximity detection testing. In the following we lists additional options for the baseline reference implementation:
Option 1: Using the UE Rx - Tx time difference measurements together with other macro cell finger printing information

The advantages of using UE Rx - Tx time difference together with cell finger printing are:

a) All E-UTRAN and UTRAN UEs are mandatory to be able to provide Rx – Tx time difference measurements. So, the approach is applicable to all UEs;

b) The performance requirements of Rx – Tx time difference measurements are already clearly defined. All UE with good implementation should meet the performance requirements. Thus, the approach is applicable to all UEs with good implementation;

c) The accuracy of the Rx – Tx time difference measurements is quite good, e,g., ±10 Ts (or about ±100meters) for round trip uncertainty when DL bandwidth ≥ 5 MHz. This measurement will significantly reduce the uncertainty of report the “entering” of CSG proximity. Thus, it is reasonable to assume the information should be used for the determination of CSG proximity detection, even though how to implement autonomous search function is up to UE’s implementation.
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Figure 1. CSG proximity detection with UE Rx-Tx measurements
The use of Rx - Tx time difference measurement together with macro cell finger printing will significantly improve the performance of the CSG proximity detection, and thereby alleviates the issues associated with macro cell finger printing only approach.
For E-UTRAN system, the Rx - Tx time difference is measured only for PCell. For UTRAN systems, however, multiple Rx - Tx time differences may be available for multiple cells in the active set. Thus, using Rx - Tx time difference for the CSG proximity detection may provide even better performance in the field for UTRAN systems.
Option 2: Using the RSRP measurements together with other macro cell finger printing information

Option 2 has the similar advantages of a) and b) as using Rx - Tx time difference measurements, since all UEs should be able to provide RSRP measurements and the performance requirements for RSRP measurements are clearly defined.  The issue with RSRP measurements may be that the measurement uncertainly associated with RSRP measurements is relatively high (±6 dB), which may introduce some difficulty in evaluating the UE’s performance for CSG proximity detection. 

Option 3: Using UE Rx - Tx time difference measurement and the RSRP measurements together with other macro cell finger printing information

Option 3 has the same advantages of a) and b) as Option 1 and Option 2, and it is also likely to be used in the UE’s implementation. The issue with Option 3 as reference implementation for the testing is the complicity involved in the development of the test case. It requires considering carefully both the UE Rx-Tx and RSRP parameters settings.
3
Conclusion
In this paper we discussed the issues associated with previous proposal of CSG proximity detection based only on macro cell finger print. To alleviate these problems, we proposed three options which are based on combination of macro cell information with UE measurements of UE Rx - Tx time difference and/or RSRP. Since these measurements are available and useful for improving CSG proximity detection the performance, it is reasonable to include them for the baseline reference implementation for CSG Proximity Detection Testing.
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