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1. Introduction

During last several meetings, some agreements have been reached on the basic procedure of inbound mobility, and some optimization issues are still left to be open. According to the agreement, intra-LTE inbound mobility will rely on the Proximity Indication reported by UE for both intra-frequency and inter-frequency cases. Currently, this Proximity Indication message only includes one frequency in which the target HeNB cell is expected to be detected. In this contribution, we will focus on the scope issue of proximity indication and discuss its accuracy and whether there is any enhancement need.
2. Discussion
2.1. Current scope of proximity indication
So far, inbound mobility procedure to the member HeNB cell is triggered by the event of fingerprint matching at UE side. That is, even for the intra-frequency case where the owner eNB always configures the measurement for the UE, the eNB will not request the UE to read and report SI of a HeNB cell until it receives the proximity indication report indicating the current serving frequency. From UE’s perspective, fingerprint is stored per visited member HeNB cell. However, in the proximity indication message, it is the frequency information that UE indicates to the networks upon its HeNB proximity area entering. For most cases, this reporting pattern is economical and effective to be able to lead to a successful inbound handover eventually. However, it ignores the fact that a single frequency can accommodate several HeNB cells and each of them might be subject to some change later, like PCI/frequency change. Scarce PCI resources and dense HeNB deployment are responsible for this change. In the case of frequency change, reporting previously stored frequency in the proximity indication message seems not working any more. 
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Fig. 1
Figure 1 shows an example. HeNB2 is a member cell that UE has visited previously at frequency f1. Then, UE left it and re-entered its proximity area later, which leads to a result of fingerprint matching. UE is currently served by a macro eNB and configured measurement at frequency f0 (intra-frequency) and f1 (inter-frequency). Upon its fingerprint matching, UE will send to the macro eNB the proximity indication message indicating frequency f1. The macro eNB finds out measurement at frequency f1 has been configured and waits for the measurement report of HeNB2 from UE. However, HeNB2’s frequency has been changed to f3 after its power off and on. Obviously, this may not lead to an expectant successful inbound handover. 
For this PCI/frequency change issue, TS36.300 has stated a solution, which involves a UE’s autonomous and full scan of the CSG cell. However, this will cause a very large latency to the inbound handover, like 6 min (or FFS) indicated in 36.300. Moreover, full scan in all possible frequencies drains UE’s battery too much, which seems not quite favorable. At this point, how to provide the frequency information in Proximity Indication message in the most accurate and timely manner is an issue which needs to be solved.
2.2. Proximity indication enhancement
One argument may arise that, why can’t eNB be aware of the frequency change of HeNB2? Since we have duplicated the ANR function from macro cells to HeNB cells, we think that it is technically feasible for a macro cell to be able to track the frequency change of its neighbor HeNB cells, for example, via UE’s report or possible X2 interface introduced for HeNB in future. However, even at this point, reporting only frequency information in Proximity Indication message is not sufficient. See figure 2 below. 
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Fig. 2
HeNB1, HeNB2 and HeNB3 are three member cells that UE has visited separately, but all at frequency f1. Later, when UE departs from this area, HeNB2 and HeNB3 experience power off and on, and change their frequency to f3 and f2, respectively. UE re-enters this area and detects the fingerprint matching for HeNB3. If UE still reports the frequency information f1 to eNB, then eNB will not finds out HeNB3’s current frequency, and hence will not guide UE to measure HeNB3 correctly.
The dilemma above is caused by the fact of reporting only frequency information, which obviously can not indicate a specific cell. To solve this problem, we think there is a need to include the PCI information as well in Proximity Indication message. Again, take figure 2 as an example. When UE detects the fingerprint matching for HeNB3 (but not HeNB2, maybe), it sends the Proximity Indication message including previously visited PCI and frequency (i.e. f1). The macro eNB may, based on this reported {PCI, frequency} information, correctly determine HeNB2’s current and updated frequency (i.e. f2), which is also the expected measurement frequency point. Compared with the UE autonomous search approach in 36.300, this {PCI, frequency} reporting approach not only involves less UE action and hence power consumption, but also introduces nearly no extra latency to the inbound handover.  
Proposal: PCI information is suggested to be also reported in the Proximity Indication message to solve the PCI/frequency change problem.

3. Conclusion

This contribution addresses the scope issue of proximity indication and presents the following proposal:
Proposal: PCI information is suggested to be also reported in the Proximity Indication message to solve the PCI/frequency change problem.

If this proposal is agreed by RAN2, we are glad to prepare a corresponding CR in the next meeting.
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