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1. Introduction
In the past few RAN4 meetings, the idle state mobility issues for macro and CSG shared frequency have been discussed extensively. In E-UTRAN Rel 8 spec, a non-allowed CSG cell is ignored for ranking. As a result, a UE close to a non-allowed CSG cell could receive significant interference from that CSG cell, which could cause significant paging outage for idle state UEs. After evaluating multiple proposals[1][2][3][4][5][6][7], the working group agreed that there is indeed an idle state performance issue in current E-UTRAN spec, but no action should be taken in Rel 8 due to time and other constraints. Instead, a technical solution will be provided in Rel 9 [8].

In this paper, we provide a framework for evaluating potential solutions to handle the non-allowed CSG cell idle state mobility issues.
2. Discussions
The incoming RAN2 LS on non-allowed CSG cells described 5 options on non-allowed CSG handling [9]:
1. Interference (RSRQ) in reselection algorithm: In this proposal one would add RSRQ in the reselection algorithm. 
2. Barring the frequency: Change the current behaviour such that if the UE reselects a non-allowed CSG cell the UE will bar the whole frequency layer for 300 seconds. 
3. Pathloss based solution: In this solution UE bars or de-prioritizes (as in solution 5) the serving frequency if 
a. the macro cell pathloss is greater than a threshold and the non-allowed CSG cell is the highest ranked, or
b. the macro cell pathloss is not greater than the threshold and the non-allowed CSG cell is the highest ranked after applying a negative bias,
The negative bias and the threshold are assumed to be signaled to the UE. 
4. RSRP difference: If the difference in RSRP between the current serving cell and the non-allowed CSG cell becomes less than a configurable parameter (sent on macro or in the CSG cells), the UE shall re-select to another frequency or RAT

5. Deprioritization of mixed layer: A UE that ranks a non-allowed CSG as the best cell considers the frequency of this CSG to be the lowest priority frequency 

Other more elaborate proposals have also been discussed in the past few meetings [4][6][7].
In order to evaluate the merit of different options, we propose the following performance criteria:
a. Paging outage. When a UE experience low SNR that is insufficient for PDCCH decoding at DRX wakeup, we consider the UE be in paging outage. Note that paging outage could potentially be reduced with multiple paging attempts. Since multiple paging attempts will affect all options similarly, we propose to model the paging outage with a more tractable SNR threshold corresponding to 10% PDCCH error rate. 

b. High priority frequency (HPF) unavailability. A UE could reselect to a lower priority frequency that does not have any CSG cells to avoid DL interference from CSG cells. However, un-necessary reselection to a lower priority frequency could lead to LTE outage (single LTE frequency) or undesired load distribution among different frequencies. 
c. Number of unnecessary searches. If unnecessary searches are performed by UEs in good channel condition, the UE battery life could be reduced. The choice of Sintrasearch definition and thresholds should be carefully evaluated in this aspect [10]. An unnecessary search is defined as a search that does not lead to reselection. 
d. Number of inter-frequency reselections. Unnecessary reselection could lead to excessive network loading.

e. Complexity. The complexity of UE implementation of a particular scheme should be evaluated when compared with schemes of similar performance.

Typical scenarios could be used to evaluate the performance of different options. We propose to consider three scenarios: Macro only, CSG with 100% loading and CSG with partial loading. In the case of CSG with partial loading, we could also consider synchronous and asynchronous deployments.
3. Conclusions

In this contribution, a framework has been proposed to evaluate idle state mobility options in Rel 9 for non-allowed CSG cell handling. It is recommended that the WG takes this proposal into consideration when comparing different options for the LS response to RAN2.
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