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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, and the Time-Domain Inter-Cell Interference Coordination (TD-ICIC) exploiting Almost Blank Subframe (ABS) mechanism was adopted for mitigating the ICI in HetNet.
However, due to the tight scheduling in Rel-10, only the intra-frequency TDM restricted RRM was standardized [1][2]. A new Rel-11 Work Item “Further Enhanced Non-CA Based ICIC for LTE” [3] was approved for finalizing the leftover work from Rel-10 along with some further optimisations. The detailed objectives of this WI are quoted here:

	The detailed objectives build on top of the time domain ICIC in Rel-10 and include the following: 

· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM 

· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and with or without handover biasing

· As a second priority, study the following aspects:

· Data channel ICIC enhancements, e.g., FDM/TDM coordination and enhanced signalling for resource allocation; or supporting the application of single-carrier time domain ICIC mechanism on the frequency of SCell in Carrier Aggregation setting

· Higher layer enhancements, e.g., for idle mode operation, power saving and mobility enhancements (RAN1, RAN2, RAN3, RAN4)

· Uplink enhancements e.g. uplink interference mitigation for Macro-Pico and Macro-Femto

· Identify interference scenarios stemming from different UL/DL configurations or muted UL subframe configuration in TDD and corresponding air interface change and CSI reporting requirements
· Dominant interference impacting on legacy UEs (Release 8/9/10)


In the scenarios, where more than one carrier is deployed by operator and TD-ICIC is enabled for interference coordination on some of the carriers, the potential impacts of TD-ICIC on inter-frequency RRM measurements should be clarified, as to be discussed in this contribution. It should be noted that according to the WI, idle-mode related operations are considered as second priority. Therefore, in this contribution we will only focus on connected-mode use cases.
2 Possible scenarios
The resource-restricted measurement was already adopted in Rel-10 in order to provide accurate intra-frequency measurement results in co-channel HetNet deployment when TD-ICIC is employed. As a further step, the necessity of inter-frequency TDM restricted RRM shall also be clarified based on the evaluation of the impacts introduced by ABS. In the following sections, we will present two prevailing HetNet scenarios, namely macro-pico and macro-femto scenarios, where the inaccurate inter-frequency measurement issues exist.
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 taken at location B provide similar results, no matter whether the measurements are performed upon ABS or non-ABS. However, the measurement results reported by UEs in other locations (e.g. A and C) will highly depend on the specific location and on whether the measurements have been taken 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 pico cell on Carrier 1, where Cell Range Expansion (CRE) is enabled, the resource restricted RRM measurement should be applied. Otherwise, the RSRQ measured by the UE will be too pessimistic due to the strong interference from the macro cell in non-ABS subframes, which is not desirable from the perspective of traffic offloading to pico cell. Moreover, assume that the UE at location C is to be relocated by its serving cell to Carrier 1, 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 too poor based on its Measurement Report (MR). Therefore, network-wide optimization of load balancing can not be guaranteed. Additionally, in the same example, after UE is successful handed over to the macro cell, another handover to pico cell may be triggered for offloading purpose. Such kind of unnecessary handover is not desirable due to the relatively costly handover overhead and potential handover failure.
On the other hand, if the macro cell on Carrier 1 is measured on its ABS subframes by the UE at location A, the corresponding RSRQ results becomes overoptimistic due to the significantly reduced RSSI in macro’s ABS subframes [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 handover criterion was easier to be satisfied, as a result of the overoptimistic RSRQ values reported by the UEs 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 MUEs 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, 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.
Proposal 1: It is suggested that RAN2 discuss and confirm the above-mentioned inter-frequency RRM measurement in macro-pico scenario, and clarify the necessity of applying resource-restricted RRM measurement therein.

2.2 Macro-femto scenario
Fig. 2 illustrates the inter-frequency RRM measurement in the macro-femto scenario. 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, provide accurate results no matter ABS is enabled or not in femto cell.
In the case of the inter-frequency RRM measurement on macro cell is performed by a UE within the macro coverage on Carrier 2 and in the proximity of the femto cell, e.g. location E in Fig. 2. The measurement result might be heavily polluted (which is the case if restricted measurement is not enforced), consequently the UE cannot be relocated to the macro cell on Carrier 2. However, it 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.
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Fig. 2: Inter-frequency RRM measurement in macro-femto scenario.
However, it is worth to mention that the situation may become unfavourably complicated due to the uncoordinated femto deployment. One example is illustrated 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 is performed by a UE at the macro cell boundary and in the proximity of the femto cluster, the measurement result will be over-pessimistic from handover perspective. Consequently, the UE may be prohibited from being handed over to the macro cell on Carrier 1, hence 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 carefully considered.
Proposal 2: It is suggested that RAN2 discuss and confirm the above-mentioned inter-frequency RRM measurement in macro-femto scenario, and clarify the necessity of applying resource-restricted RRM measurement therein.

3 Issues of measurement gap
Measurement gap is designed for the UEs who are equipped with single receiver to perform inter-freq measurement in connected mode. If the resource-restricted RRM measurement is applied for inter-frequency measurement, some specific issues may need to be considered. In the following sections, we focus on such issues under the assumption that the inter-frequency cells concerned are unsynchronized in time domain.
3.1 Network side issues
Consider the scenario in Fig. 1, where UE at location C is configured to measure the pico cell on Carrier 1 within restricted resource, namely the ABSs offered by macro cell. The pico cell on Carrier 1 is measured by means of the measurement gaps configured by the serving cell on Carrier 2. Therefore, the serving cell shall ensure there exist ABSs in the measurement gap, too. This can be easily deduced, if both cells are hosted by the same eNB. In the case of two cells hosted by different eNBs, although the eNBs may exchange their ABS patterns via X2 interface, they may not be able to know the exact timing offset, or equivalently the SFN offset, between their respective frame boundaries (recall that the inter-frequency cells are unsynchronized in time domain). Consequently, the eNB serving the UE cannot generate a measurement gap pattern matching the ABS pattern of the target eNB.
Even though the serving cell has full knowledge of the ABS pattern of the target cell and the SFN offset between them through some methods, for instance OAM configuration, there is still some difficulties to generate appropriate measurement gap patterns for reliable inter-frequency measurements. According to current specifications [6], the duty cycle of measurement gap is 40 or 80 ms, while the duty cycle of ABS pattern is 40 ms for FDD, and 20, 60 or 70 ms for TDD. Although the 20 or 40 ms period of ABS pattern can match the period of measurement gap, ABS patterns of 60 and 70 ms do not match the defined measurement gap period. Such a mismatch, if happening, potentially makes it impossible to achieve accurate measurement results. Some standardisation efforts are necessary for harmonization between the said patterns.
Proposal 3: It is suggested that RAN2 evaluate the above-mentioned measurement gap related issue. If the issue is confirmed, an LS may need to be sent to RAN3 for investigating the solutions on exchanging the SFN offset between eNBs.
3.2 UE side issues
Before proceeding with our analysis, let us assume that the above-mentioned network-side issues are resolved, namely, the UE is configured with a measurement gap where ABSs exist. Then consider the scenario portrayed in Fig. 4.,When the UE tries to conduct inter-frequency measurement on the target carrier, it still does not know which specific part of the configured 6 ms measurement gap corresponds to the location of ABSs. This is because the UE has no knowledge about the timing of the target cell’s SFN. The UE has to decode the MIB of the target cell in order to acquire the SFN; however, a 6 ms measurement gap may not contain any of the repeatedly transmitted copies of MIB. Therefore, it is necessary to enable the UE to properly identify the location of ABSs in the measurement gap, while meeting the measurement performance requirements at the same time.
Proposal 4: It is suggested that RAN2 discuss and confirm the above-mentioned issue of identifying ABSs in the measurement gap.
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Fig. 4: Coverage issue in macro-femto scenario.
4 Conclusion

In this contribution, we analyse 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 are discussed. RAN2 is kindly suggested discuss and agree on the following proposals:
Proposal 1: It is suggested that RAN2 discuss and confirm the above-mentioned inter-frequency RRM measurement in macro-pico scenario, and clarify the necessity of applying resource-restricted RRM measurement therein.

Proposal 2: It is suggested that RAN2 discuss and confirm the above-mentioned inter-frequency RRM measurement in macro-femto scenario, and clarify the necessity of applying resource-restricted RRM measurement therein.



Proposal 3: It is suggested that RAN2 evaluate the above-mentioned measurement gap related issue. If the issue is confirmed, an LS may need to be sent to RAN3 for investigating the solutions on exchanging the SFN offset between eNBs.
Proposal 4: It is suggested that RAN2 discuss and confirm the above-mentioned issue of identifying ABSs in the measurement gap.
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