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1. Introduction
During the previous RAN4 meetings, detailed frameworks on defining RRM/RLM requirements for eICIC have been agreed [1-4]. It is expected that simulation results will be available for calibration in RAN4 #58. In addition, the principles of defining core requirements for eICIC have been proposed in [5]. The proposals in [5] could be summarized as following:
1. The RRM requirements are defined for the TDM patterns which are suitable and feasible from the network performance point of view. 
2. Due to limited measurement opportunities some of the RRM requirements may have to be compromised. 
3. Recommend that the RRM requirements related to measurement accuracies, side conditions, RLM quality thresholds etc, which have wide implication on the legacy coverage/network planning are not modified. 
4. In case the TDM pattern is considered too stringent, the measurement durations such as L1 period or cell identification delay are extended allowing sufficient opportunity for the UE to meet the existing requirements.
In general, we agree with the first two proposals. Regarding the side conditions and measurement durations, we believe conclusions should be drawn from the actual simulation results. In this contribution, we provide analysis on a few unique aspects of RRM requirements for eICIC.

2. Discussion
RRM performance requirements in general include the following aspects as shown in [5]: Signal level and quality, measurement accuracy, number of measureable/reportable cells, L1 measurement period, cell identification delay, evaluation period for RLM, and RLM thresholds. These requirements are impacted by the ABS patterns used for eICIC operation in two aspects:

1. Limited measurement opportunities due to measurement restriction configuration
2. Residual interference in ABS subframes due to legacy support: PSS/SSS/PBCH/SIB1/Paging/PRS/CRS/CSI-RS
The first limitation in general impacts the measurement duration, while the second limitation in general impacts the signal level and quality. In the case where signal level and quality could not be relaxed, change of measurement duration could also be used to provide more processing gain to mitigate the additional interference in the ABS subframes.
2.1. Measurement restriction
According to the latest RAN2 decision in 36.300, measurement restriction will be defined separately for serving cell and neighboring cells that are included in a set of signaled PCIs. In the case of macro/pico deployments, it is likely that only pico cells would require protection in terms of measurement restriction. 

Observation 1: RRC configured measurement restriction only apply to serving cell and a limited list of cells with known cell ID which are subframe synchronized to the serving cell.

Observation 2: Cell identification of cells with unknown PCID should follow Rel-8/9 requirements since no measurement restrictions apply.

In Rel-8/9, the total number of reported cells (8) is defined in part to ensure the processing capability of a UE, which should not change due to eICIC measurement restriction.
Proposal 1: There is no need to modify the number of reported cells, which includes cells with and without measurement restriction.
2.2. Limited measurement opportunities

When measurement restriction does apply, one of the candidate ABS patterns defined in [1] should be used for performance definition. The ABS duty cycle ranges from 1/10 to 2/8. This limitation would significantly reduce the measurement opportunity for both serving and neighboring cell. Although only 1 SF out of 40ms is required to meet the Rel-8/9 measurement accuracy, the requirement of measuring 8 cells may require significantly more measurement opportunities. In addition, for neighboring cell measurements, only the intersection of ABS pattern and non-MBSFN subframes could be assumed to have 4 CRS symbols for measurements. This further reduces the measurement opportunities for neighboring cells, which makes it necessary to increase the current measurement duration.
In addition, simulations performed in the [5] indicated that 400ms measurement period could significantly tighten the RSRP spread compared to 200ms measurement period, which was also proposed in [4].

Proposal 2: Extend the measurement duration without DRX from 200ms to 400ms.

Proposal 3: Extend the cell identification duration for cells listed in the restricted measurement set by 200ms to account for the extended measurement duration.

2.3. RLM requirements
In Rel-8/9, the RLM requirements are defined based on extensive system level studies. Qout and Qin​ thresholds of 10% and 2% for DCI format 1C and 1A are carefully chosen as the most appropriate system operation point, which should apply to both homogeneous and heterogeneous networks. As proposed in [4], RLM thresholds should not be modified. Since a UE is only required to perform RLM for the serving cell compared to the 8 cells for measurements, the restricted measurement opportunities have been shown not to impact the RLM accuracy [7].
Proposal 4: There is no need to modify RLM thresholds and evaluation period.

In [5], PDCCH simulations have been performed to verify the impact of restricted measurements and CRS transmission in the ABS subframe over side conditions for RLM thresholds. Following observations were made:
· CFI 3 is shown to significantly improve the verification points under TDM interference
· RLM SNR thresholds in AWGN channel should be relaxed by 1 dB under an TDM interferer of 5 dB SNR

· RLM SNR thresholds in ETU70 channel should be relaxed by 1.5 dB under an TDM interferer of 5 dB SNR
Based on the observation above, we believe setting interfering cell at 5 dB SNR is a reasonable operating point for defining RLM testing side condition. Correspondingly, the serving cell SNR should be relaxed accordingly to mitigate the additional CRS interference in the ABS subframes.

Proposal 5: Es/Iot over ABS subframe for testing RLM thresholds should be relaxed to accommodate the additional CRS interference in ABS subframe.

Proposal 6: Es/Iot of [5 dB] is recommended for the interfering cell power setting in RLM tests.

2.4. Measurement accuracy

In [6], extensive simulations were performed for RSRP measurements with eICIC. The simulation results led to the following observations:

Non-colliding RS observations:

· The same RSRP measurement results are obtained for all three ABS patterns with non-colliding RS setup. 

· The same RSRP measurement results are obtained for different interfering cell SNR, which is identical to Rel-8 single cell performance for the same serving cell SNR.
MBSFN ABS Colliding RS observations:

· Positive bias of < 1 dB observed over AWGN channels for the cases of (0,10) and (-6,5).

· Larger 90% spread of < 1dB observed over TU70 channels for the cases of (0,10) and (-6,5).

The RSRP measurement performance for TDD is expected to be the same as FDD given the same 1 SF per 40ms sampling period.
Based on the observation above, the serving cell and interfering SNR combination of (0,10) and (-6,5) lead to similar performance degradation for the MBSFN case with colliding RS. Considering the coverage of pico cell, a lower serving cell SNR operating point could yield some performance benefits. Therefore, (-6, 5) might be a more suitable condition compared to (0, 10). Given the performance degradation observed in the MBSFN case for (-6, 5), we recommend that the side condition for RSRP measurements should be further relaxed from the Rel-8/9 value of -6 dB.
Proposal 7: Es/Iot of [5 dB] is recommended for the interfering cell power setting in RMM tests with relaxed serving cell side condition of Es/Iot > -6 dB.
3. Conclusions

In this contribution, we proposed guidelines on the RRM/RLM core requirements summarized as following:
Proposal 1: There is no need to modify the number of reported cells.

Proposal 2: Extend the measurement duration without DRX from 200ms to 400ms.

Proposal 3: Extend the cell identification duration for cells listed in the restricted measurement set by 200ms to account for the extended measurement duration.

Proposal 4: There is no need to modify RLM thresholds and evaluation period.

Proposal 5: Es/Iot over ABS subframe for testing RLM thresholds should be relaxed to accommodate the additional CRS interference in ABS subframe.

Proposal 6: Es/Iot of [5 dB] is recommended for the interfering cell power setting in RLM tests.

Proposal 7: Es/Iot of [5 dB] is recommended for the interfering cell power setting in RMM tests with relaxed serving cell side condition of Es/Iot > -6 dB.
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