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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 for facilitating resource-specific RLM/RRM operations [1].
In this contribution, some further details of supporting resource-specific RLM/RRM operations for connected-mode UEs are discussed. The discussion on idle-mode UEs is provided in our companion contribution in [2].
2 Non-CSG cells
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 transmission interference imposed on the victim cells. Consequently, when measuring the victim cell, the UE may obtain an improved estimation of Reference Signal Received Quality (RSRQ), thanks to the significantly reduced interference in the duration of ABSs. When the UE measures the aggressor cell, it may also get a more optimistic RSRQ estimation because of the reduced Received Signal Strength Indicator (RSSI) [3]. The RSSI is defined as the linear average of the total received power from both the serving and interfering cells, as measured in OFDM symbols containing reference signals at antenna port 0 in the designated measurement bandwidth [3]. In an ABS of the aggressor cell, as all the physical channels and signals are punctured except the RS, the received total power also decreases accordingly. Therefore, the RSSI measured in the ABS is lower than that in the normal subframes, yielding a better RSRQ for the aggressor cell. Some corresponding signaling designs have been discussed in [4]
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Before stepping into the detailed RRC signaling design, the issue of how to apply resource-specific measurement in different scenarios should be analyzed [6], which will be discussed in the sequel.
2.1 From the Pico-UE perspective
In the non-CSG Macro-Pico co-channel deployment scenario, the Macro-cell and Pico-cell are the aggressor and the victim, respectively. In this non-CSG case, RAN1 has concluded that there is no eICIC issues for UEs if no Cell Range Expansion (CRE) is applied [7]. In the presence of CRE, unlike the cell-edge PUEs suffering from ICI, the cell-centre PUEs may not have to restrict their measurements on the serving Pico-cell only in the ABS duration of the Macro-cell, as the RSRP and RSRQ of the serving Pico-cell are sufficiently good for them. Thus, it appears that it is not necessary to apply resource-specific measurement at cell-centre PUEs. Moreover, if the restriction was applied to the cell-centre PUEs, the corresponding measurement results might be more optimistic than they actually are, as discussed in the previous section.
Nonetheless, optimistic measurement results for the serving Pico-cell would have no negative impact to the cell-centre PUEs, as the intention is to serve them by the Pico-cell. Hence, applying a unified resource-specific measurement policy to both cell-centre and cell-edge PUEs can simplify the system design and thus becomes preferable.
Observation 1: When TD-based eICIC is enabled, the PUEs should restrict their measurements on the serving non-CSG Pico-cell only in the ABSs of the non-CSG Macro-cell.
With respect to the measurement on the neighboring aggressor cells, restricting the PUE’s measurement in the ABSs will bring optimistic measurement results, which may trigger handover (HO) from the victim Pico-cell to those neighboring aggressor cells. This is not desirable from the perspective of offloading Macro-UEs (MUE) to the Pico-cell, and may potentially result in Ping-Pong effects between the serving Pico-cell and its neighboring cells.

Observation 2: PUEs should not apply resource-specific measurement on its non-CSG neighboring aggressor cells.
2.2 From the Macro-UE perspective
For MUEs in the neighborhood of Pico-cells, there is little benefits for them to measure the serving Macro-cell in the ABSs, as the signal is expected to be strong enough in terms of both RSRP and RSRQ, otherwise they would have been handed over to the Pico-cells. Moreover, restricting measurement on ABSs of serving Macro-cells may get more optimistic than actual results, due to the significantly reduced RSSI power as discussed above. Therefore, it is better to avoid such measurements from perspective of offloading MUE to Pico-cells.

On the other hand, the ABSs of the Macro-cell can also be exploited for the near-Pico-cell MUEs to measure the neighboring Pico-cells. Thus, from the perspective of seeking further offloading opportunities, it will be helpful even for cell-centre MUEs to use resource-specific measurement on the neighboring Pico-cells.
However, it is not desirable to restrict the MUEs to measure the neighboring Macro-cells only in the ABSs provided by the serving Macro-cell. An over-optimistic measurement result on neighboring Macro-cells could lead to unnecessary HO and Ping-Pong effects between Macro-cells.
Observation 3: When TD-based eICIC is enabled, resource-specific measurement on victim non-CSG Pico-cells can be applied for the MUEs located in the proximity of those Pico-cells in the ABSs of the aggressor serving Macro-cell.

From the analysis in Sections 2.1 and 2.2, we propose that:

Proposal 1: In the non-CSG TD-based eICIC scenario, the UE should apply the resource-specific measurement only on victim serving/neighboring Pico-cells.
3 CSG cells
3.1 MUEs in a CSG cell
With regard to the MUEs in the CSG scenario, namely when non-CSG MUEs are located in the coverage area of a CSG cell, the CSG cell should activate the ABS function for the benefit of the non-CSG MUEs. Otherwise, the non-CSG MUEs may fail to access the Macro-cell due to severe ICI from the CSG cell.
In the overlapping area of a Pico-cell and a CSG cell, the MUE may need to jointly consider the ABS patterns of the Macro-cell and the CSG cell. However, this seems to be a rare case and, even in this case, the ABS pattern of Macro-cell is not necessary because the dominate interference comes from the CSG cell.
Observation 4: For MUEs in the coverage area of a CSG cell, the ABSs of the aggressor CSG cell should be exploited for MUEs’ resource-specific measurements on the victim serving Macro-cell.

Proposal 2: In the CSG TD-based eICIC scenario, the non-CSG UEs should apply the resource-specific measurements only on the victim non-CSG serving cell.
3.2 CSG UEs
Concerning the CSG UEs, there is no need to apply any resource-specific measurement on the serving CSG cell (e.g. a HeNB), as the signal from the serving cell is expected to be sufficiently strong.

Furthermore, unlike the offloading motivation in the MUE scenario, it is desirable to keep the CSG UEs in the CSG cell. This means that it is not necessary for them to apply resource-specific measurement on neighboring cells either.
Proposal 3: In the CSG eICIC scenario, it is not necessary for CSG UEs to apply resource-specific measurement either on the CSG serving cell or on non-CSG neighboring cells.
4 Measurement configuration
For idle-mode UEs supporting TD-based eICIC functions, the ABS patterns should be broadcasted to them for measurement purpose [2]. However, for connected-mode UEs, based on our analysis in previous sections, it is obvious that the resource-specific measurement should be applied according to different types of target cells for measurement (i.e. victim neighboring cell, aggressor neighboring cell, etc), especially when considering the offloading gain and the avoidance of unnecessary HOs and Ping-Pongs. In other words, the mechanism for idle-mode UEs that automatically switches between different ABS patterns cannot be directly applied in the connected mode.
Proposal 4: The network shall configure appropriate resource-specific measurements for connected-mode UEs in different interfering scenarios according to the different types of target cells for measurement.
5 Conclusion

In this contribution, we discuss in detail on how to apply resource-specific measurement mechanisms in various deployment scenarios. Based on our analysis, we suggest that RAN2 agree on the following proposals:
Proposal 1: In the non-CSG TD-based eICIC scenario, the UE should apply the resource-specific measurement only on victim serving/neighboring Pico-cells.
Proposal 2: In the CSG TD-based eICIC scenario, the non-CSG UEs should apply the resource-specific measurements only on the victim non-CSG serving cell.
Proposal 3: In the CSG eICIC scenario, it is not necessary for CSG UEs to apply resource-specific measurement either on the CSG serving cell or on non-CSG neighboring cells.
Proposal 4: The network shall configure appropriate resource-specific measurements for connected-mode UEs in different interfering scenarios according to the different types of target cells for measurement.
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