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1 Introduction

Due to the introduction of Low Power Node (LPN), the Inter-Cell Interference (ICI) characteristics in a Heterogeneous Network (HetNet) are significantly different from those in a Homogeneous Network (HomoNet). Various techniques were widely discussed in Rel-10, where the Time-Domain Inter-Cell Interference Coordination (TD-ICIC) by exploiting Almost Blank Subframe (ABS) mechanism was adopted for mitigating the ICI in intra-frequency HetNet scenario.
At the RAN2 #75 meeting, various scenarios related to inter-frequency TD-ICIC deployment were discussed, but no consensus was reached on the necessity of inter-frequency resource restricted measurement, nor the number of resource restricted patterns to be applied. In this contribution, we provide our views on these open issues.
2 Possible scenarios
Resource-restricted measurement was already adopted in Rel-10 in order to facilitating the collection of accurate intra-frequency measurement results in co-channel HetNet deployment with TD-ICIC enabled. As a further step, the necessity of inter-frequency resource restricted RRM measurement shall also be clarified based on the evaluation of the impacts introduced by ABS. In the following sections, we will present three prevailing HetNet scenarios, namely macro-pico, macro-femto and Carrier Aggregation (CA) scenarios, which may be affected by inaccurate inter-frequency measurement issues.
2.1 Macro-pico scenario

Fig. 1 illustrates the inter-frequency RRM measurement process in the macro-pico scenario, where ABS is enabled for Carrier 1. It is assumed that UEs in different positions, labelled as A, B and C in Fig. 1, are served on Carrier 2. The UEs perform inter-frequency RRM measurement on Carrier 1. Note that inter-frequency RRM measurements performed at location B, where interference from macro is expected to be low, provide similar measurement results in ABSs or non-ABSs. However, the measurement results reported by UEs in other locations (e.g. A and C) will highly depend on their specific locations and on whether the measurements have been performed on ABS or non-ABS.
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Fig. 1: Inter-frequency RRM measurement in macro-pico scenario.

For example, when a UE at location C is requested to measure the Cell Range Expansion (CRE) enabled pico cell on Carrier 1, resource restricted RRM measurement should be applied. Otherwise, the RSRQ measured by the UE will be over-pessimistic due to the strong interference from the macro cell in non-ABS subframes, which is not desirable from the perspective of traffic offloading from macro cell to pico cell.
Moreover, assume that the UE at location C is to be relocated from Carrier 2 to Carrier 1 by its serving cell, for instance as the need for load balancing. In this case, it can only be directed to the macro cell, since the RSRQ of pico cell is over-pessimistic based on its Measurement Report (MR). Therefore, network-wide optimization for load balancing can not be guaranteed.
Additionally, in the same example, even if the UE at location C can be successfully handed over to the macro cell, another handover to pico cell may have to be triggered for macro cell’s offloading purpose. If this happens, it would have been better to handover the UE to pico cell in the first step rather than initiating a short-stay HO between macro and pico. Such kind of unnecessary handover is not desirable due to the relatively costly handover overhead and potential risk of handover failures. Thus, the resource-restricted RRM measurement should be applied to ensure the inter-frequency measurement on pico cell is performed in ABSs only.
Proposal 1: The resource-restricted RRM measurement should be applied to the macro-pico scenario. The RRM measurement on the inter-frequency victim pico cell should be restricted only at the ABS subframes provided by the aggressor cell.

On the other hand, if the macro cell on Carrier 1 is measured in its ABS subframes by the UE at location A, the corresponding RSRQ results will become over-optimistic due to the significantly reduced RSSI in macro’s ABSs [4]. The inaccuracy of measurements has been evaluated in some typical scenario with a 6 dB CRE bias, where up to 7.1 dB of inaccuracy was observed from median measurement results (50%-tile) [5]. Consequently, it is likely to trigger unnecessary inter-frequency handovers, which results in imbalanced distribution of the traffic load over multiple inter-frequency cells.
More explicitly, the number of handovers to the macro cell will be unnecessarily increased, since the prerequisites of handover would be satisfied easier, as a result of the over-optimistic RSRQ values reported by the UE concerned. Thus, the macro cell on Carrier 1 is undesirably more loaded than Carrier 2. Then, the heavily loaded macro cell may likely have to handover some macro UEs (MUE) to Carrier 2 for load balancing. This inevitably increases the ping-pong rate between the two carriers.
Unfortunately, MLB methods may not be helpful in such a problematic situation. Based on the existing state-of-art standardized methods in LTE/LTE-A, the source eNB is unable to predict the level of the over-optimism through MR, because the result highly depends on the implementation of UE’s measurement operation. Such problems can also be mitigated, if resource-restricted RRM measurement is applied to the inter-frequency measurement on macro cell.
Proposal 2: In the macro-pico scenario, the RRM measurement on the inter-frequency aggressor macro cell should be restricted to only the non-ABS subframes of the aggressor cell.

Based on the analysis above, it can be observed that at least two resource-restricted measurement patterns are necessary in macro-pico scenario, namely one for measurement on the aggressor cell and the other for victim cell.
2.2 Macro-femto scenario
Fig. 2 illustrates the inter-frequency RRM measurement in the macro-femto scenario, where femto is assumed to be in closed mode. In this scenario, as the aggressor is the closed femto cell, the inter-frequency RRM measurements performed in the locations far from the coverage of the femto cell, e.g. location D in Fig. 2, are able to produce accurate results no matter ABS is enabled or not for the femto cell.
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Fig. 2: Inter-frequency RRM measurement in macro-femto scenario.
In the case that the inter-frequency RRM measurement on macro cell is performed by a UE on Carrier 2 within the shared coverage area of the macro and femto cells, e.g. location E in Fig. 2, the measurement results may be heavily distorted if restricted measurement is not enforced. Consequently, the UE cannot be relocated to the macro cell on Carrier 1. Nonetheless, this does not seem to be a big issue, as long as the QoS of serving macro cell on Carrier 2 is still met. No inter-frequency handover is required for the UE.
However, it is worth to mention that the situation, if resource restricted measurement is not used, may become unfavourably complicated due to the uncoordinated femto deployments by end customers. One example is portrayed in Fig. 3, where a cluster of HeNBs is deployed at the cell boundary between two inter-frequency macro cells. In this case, when the inter-frequency RRM measurement on macro cell’s Carrier 1 is performed by a UE (e.g. location F of Fig. 3) served by Carrier 2 at the macro cell boundary and within the proximity of the femto cluster, the measurement result will be over-pessimistic than actual from handover perspective. Consequently, the UE may be prohibited from being handed over to the macro cell on Carrier 1, resulting in an unusually high handover failure rate.
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Fig. 3: Coverage issue in macro-femto scenario.
Given the fact that the end user experience may be greatly degraded (i.e. out of service) in this scenario, the above-mentioned service continuity issue in macro-femto scenario should be resolved.
Proposal 3: It is necessary to support the inter-frequency resource-restricted RRM measurement in the macro-femto scenario. The measurement on victim macro cell may be performed in the ABS subframes offered by the aggressor femto cell.

In contrast to the macro-pico scenario, in the macro-femto scenario the over-optimistic measurement result for femto is not an issue, as non-CSG MUEs cannot be handed over to the femto cell. Thus, only one resource-restrict measurement pattern is mandatory for macro-femto scenario.
2.3 CA scenario

In [6], the use cases of TD-ICIC in CA deployments are discussed. Although the current WI only focuses on non CA-based scenario, it is worth to consider the application of resource-restricted RRM measurement in CA scenario, considering the potential benefits of deploying multicarrier HetNet while enabling TD-ICIC for ICI mitigation. Note that the solutions to the above-mentioned macro-pico and macro-femto scenarios can also be applied to CA scenario. Moreover, CA-capable UEs do not require measurement gap functions for measurement on SCC, which avoids the measurement gap related issue discussed in [7].
Proposal 4: It is beneficial to apply resource-restricted RRM measurement on SCC in CA scenarios for Rel-11.

3 Conclusion

In this contribution, we analyzed the potential impacts of TD-ICIC on inter-frequency measurements. Moreover, the issues with respect to applying resource-restricted measurement on inter-frequency RRM measurement were discussed. RAN2 is kindly suggested discuss and agree on the following proposals:
Proposal 1: The resource-restricted RRM measurement should be applied to the macro-pico scenario. The RRM measurement on the inter-frequency victim pico cell should be restricted only at the ABS subframes provided by the aggressor cell.
Proposal 2: In the macro-pico scenario, the RRM measurement on the inter-frequency aggressor macro cell should be restricted to only the non-ABS subframes of the aggressor cell.

Proposal 3: It is necessary to support the inter-frequency resource-restricted RRM measurement in the macro-femto scenario. The measurement on victim macro cell may be performed in the ABS subframes offered by the aggressor femto cell.



Proposal 4: It is beneficial to apply resource-restricted RRM measurement on SCC in CA scenarios for Rel-11.
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