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1 Introduction

Time-Domain (TD) based enhanced Inter-Cell Interference (eICIC) was agreed in RAN1 as the way forward for co-channel heterogeneous deployment scenarios. An Almost Blank Subframe (ABS) pattern should be sent over RRC signaling to the UEs to restrict their measurements only in the ABSs [1].
In this contribution, the details of supporting resource-specific measurement for idle-mode UEs are discussed. The discussion on connected-mode UEs is provided in our companion contribution in [2].
2 Discussion

The basic idea of TD-based eICIC is that the aggressor cell mutes data transmissions in some of its subframes, known as the ABSs, where the Reference Signals (RS) remain intact, for the sake of eliminating the data interference imposed on the victim cells. An idle-mode UE should be informed about the ABS pattern to be used by the aggressor cell in order to perform resource-specific measurements on the victim cell. Otherwise, the victim cell may be excluded from the cell ranking list during the UE’s cell selection/reselection procedures, or the RLF may be triggered due to severe ICI.
In light of the TD-based eICIC scheme, the network should take the ABS pattern into account when scheduling SIB and paging transmissions, so that the idle-mode UEs can still properly monitor those transmissions. Then, an open issue for idle-mode UEs is how to apply resource-specific measurements in cell selection and reselection.
2.1 Non-CSG UEs in CSG cells
In the CSG and non-CSG co-channel deployment scenario, the CSG cell is the aggressor and the non-CSG cell is the victim. Let us take the Macro-Femto case as an example in the following analysis.
For non-CSG UEs in the coverage area of a CSG cell (Femto-cell), due to the strong ICI imposed by the latter, the Macro-cell is likely excluded from the cell selection/reselection list maintained by the non-CSG UEs. Therefore, the non-CSG UE have to camp on the CSG cell as an acceptable cell [3]. To assist the non-CSG UEs in accessing the Macro-cell, the ABS pattern of Femto-cell should be broadcasted in its coverage area. By acquiring the ABS pattern of the Femto-cell, the non-CSG UEs will be able to measure the victim serving Macro-cell in the duration of ABSs, and thus may successfully reselect the Macro-cell as a suitable cell.
Proposal 1: The ABS pattern used by the CSG cells should be broadcasted in their coverage area for facilitating the resource-specific measurements applied at the non-CSG UEs.

After reselecting the Macro-cell, the Macro UEs (MUEs) close to the Femto-cell should maintain the resource-specific measurement on their victimized serving cell based on the Femto-cell’s ABS pattern. Therefore, the Femto-cell’s ABS pattern should also be broadcasted in victimized neighbor cell, which will help to keep the MUEs “alive” when they are close to the Femto-cell.
Proposal 2: The ABS pattern used by the CSG cell should be broadcasted in the neighboring non-CSG cell to non-CSG UE for resource specific measurements.
2.2 UEs in Macro-Pico scenarios
Unlike the Macro-Femto scenario, where we have CSG cells, for the Macro-Pico scenario RAN1 has concluded that there is no eICIC issues for UEs if Cell Range Expansion (CRE) is not applied [4]. In other words, in this case the UEs are expected to be able to successfully access the preferred cell based on the Rel-8/9 cell selection criterion.

However, one remaining question is that since there is no issue for UEs in the above-mentioned scenario, whether the CRE as well as a corresponding resource-specific measurement mechanism should still be applied for the idle-mode UEs. If  not so, a potential problem is that once an idle-mode MUE that is near Pico switches to the connected mode, a handover (HO) to Pico-cell will likely be triggered for offloading purpose, which however is not desirable due to the relatively costly HO overhead.

In order to avoid the above situation, the resource-specific measurement should be applied to not only connected-mode but also idle-mode UEs. Therefore, the ABS pattern along with a CRE bias (if any) should be applied to the UE’s measurement configuration, which will affect the candidate cell ranking during the cell reselection procedure.
Proposal 3: In the non-CSG scenario, the ABS pattern of the aggressor cell should be broadcasted in both the aggressor and victim cells for facilitating the resource-specific measurement and cell reselection at the UEs.

2.3 ABS pattern configuration
As discussed above, two different ABS patterns may be simultaneously broadcasted in the coverage area of a serving cell, with one for enabling reliable measurement in the neighbor (victim) cell interfered by the serving cell (aggressor), and the other for enabling the measurement in the serving cell once it becomes a victim cell interfered by another aggressor cell. For instance, a Macro-cell should broadcast its ABS (namely M-ABS) for facilitating the resource-specific measurement on a neighboring victim Pico-cell. At the same time, another ABS used by a nearby Femto-cell (namely F-ABS) should also be broadcasted in the Macro-cell, for helping the MUEs located in the Femto-cell monitor the the serving Macro-cell.

Furthermore, an idle-mode UE should be able to adapt itself to different ABS patterns in different interfering situations. For example, while measuring and monitoring the serving Macro-cell, the MUE does not need to take into account the ABS pattern of the neighboring CSG cell, until it gets unbearable ICI due to for example its movement towards near the CSG aggressor. On the other hand, the network should be able to provide some reselection parameters, such as some triggering thresholds, to the UE, for deciding when the ABS function at the idle-mode UE should be triggered and, if triggered, which ABS pattern and the associated resource-specific measurement actions should be switched to at the UE according to varied interfering conditions.

Proposal 4: More than one ABS pattern may be broadcasted in a cell with necessary reselection parameters provided by the network to control the switching of ABS patterns and the relevant measurement strategies when needed.
3 Conclusion

In this contribution, we have analyzed the potential application of resource-specific measurement mechanism to idle-mode UEs in various HetNet deployment scenarios. Based on the discussions above, we recommend the following proposals:
Proposal 1: The ABS pattern used by the CSG cells should be broadcasted in their coverage area for facilitating the resource-specific measurements applied at the non-CSG UEs.
Proposal 2: The ABS pattern used by the CSG cell should be broadcasted in the neighboring non-CSG cell to non-CSG UE for resource specific measurements.
Proposal 3: In the non-CSG scenario, the ABS pattern of the aggressor cell should be broadcasted in both the aggressor and victim cells for facilitating the resource-specific measurement and cell reselection at the UEs.
Proposal 4: More than one ABS pattern may be broadcasted in a cell with necessary reselection parameters provided by the network to control the switching of ABS patterns and the relevant measurement strategies when needed.
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