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1 Introduction

The work on idle mode eICIC has been suspended for Rel-10, which means the specification is only applicable to the connected-mode UEs. With the creation of the new Work Item (RP-110420), idle mode enhancement was recognized as a potential aspect for R11 [1]. 

The present document is aimed to discuss the possible use cases and main issues on the idle mode UEs for eICIC in R11. 
2 Discussion
2.1 Use cases for idle mode eICIC

Similar with that in R10, in general there exist two basic scenarios: Macro-Pico and Macro-Femto. Here Femto refers to a non-allowed CSG cell for the Macro UE (MUE)). Due to the CSG characteristic, these two scenarios need to be considered separately. 
For Macro-Pico case, the Macro UE may encounter strong interferences from a Femto cell when it moves from the Macro towards the Femto cell (see Fig. 1). In the extreme case, the UE can not regard the Macro cell as a suitable cell due to the low RSRQ value. While at the same time, the Femto cell can only be an acceptable cell rather than a suitable cell, due to the CSG access restriction. So, it may happen that the UE can not find any suitable cell to camp on.
For Macro-Pico case, this issue is not as critical as that in Macro-Femto case. Even if the interference from the Macro is too strong for the UE to camp on the Pico, the UE can still select the Macro instead. The mainly potential problem are that the Idle mode UEs can not be offloaded to the Pico as expected and an additional handover from the Macro to the Pico may be required when the UE enters to connected mode from Idle mode. However, this issue seems not very serious even considering the corresponding signaling overhead of mobility for a large number of UEs.
Therefore we feel it more critical to focus on the Macro-Femto case when considering the idle mode enhancement for eICIC in R11. Note that if the idle mode enhancement for the Macro-Femto case could also be applied to the Macro-Pico case, it should be worth to pay more effort.
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Fig. 1 idle mode UE mobility
Proposal 1: The idle mode eICIC enhancement could focus on the Macro-Femto scenario.
2.2 Main issues for idle mode eICIC
The components of idle mode may include cell selection and reselection, system information and paging reception, and connection establishment. Since the connection establishment issue was discussed in [2] [3], this paper focuses on the measurement and paging aspects which are related to the cell availability and UE reachability.
2.2.1 Restricted measurement
As mentioned above, the Macro UEs may be unable to get service from the serving Macro in case of severe interference from the Femto. In order to avoid such an unacceptable consequence, a straightforward way is to extend the time domain restricted measurement to the idle mode UEs. While the consequent issue is how the UE acquires the restricted measurement configuration information.
For idle mode UEs, it is not possible for the network to signal the restricted measurement resource by dedicated signaling. This implies that the feasible way is to notify the UE by network broadcast. Both Macro and Femto cell could broadcast this restricted resource configuration to the UEs. As the Femto cell is most likely under the control of subscribers and hence not so reliable to some extent, it seems more appropriate to go to the Macro-broadcast based approach.   

Companies may argue that the UE could not receive the broadcast restriction resource information due to the strong interference from the Femto, while as discussed in RAN1, many methods could resolve such issue.

Therefore we propose:

Proposal 2: Macro-broadcast based approach could be considered as the baseline for UE acquiring the restricted measurement configuration information.
2.2.2 Paging
The UEs may not able to receive the paging message from the currently serving Macro in case there exists some strong interference from the interfering Femto. Under the strong interference from the Femto, the UE could only decode out the Macro’s PDCCH in the ABS subframes of the Femto. It means if the UE is expected to receive the Paging as it does in Rel8/9, then the Paging occasions need to align with the ABS subframes. Accordingly, the UE could correctly decode out its PDCCH containing the P-RNTI in these subframes. Otherwise, the Paging process may be impacted.

The frame shifting mechanism could further eliminate the potential conflict and interference from the Femto’s paging to the Macro’s paging in the same subframes. Companies may question that the paging capacity may be reduced by this approach. We think this issue could be further evaluated. However, regardless the paging capacity issue is critical or not, the paging occasions needs to be in conjunction with the ABS subframes of the Femto.
Therefore it seems necessary for the Macro to ensure its Paging subframe align with the ABS of Femto. Note this also does not involve any specification work in the air interface.

Proposal 3: In order to guarantee the Paging reception, the network should ensure that the Paging subframes are in conjunction with the ABS configuration.
3 Conclusion

Proposal 1: The idle mode eICIC enhancement could focus on the Macro-Femto scenario.

Proposal 2: Macro-broadcast based approach could be considered as the baseline for UE acquiring the restricted measurement configuration information.

Proposal 3: In order to guarantee the Paging reception, the network should ensure that the Paging subframes are in conjunction with the ABS configuration. 
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