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1 Introduction

In the RAN1 LS [1], RAN4 is asked to consider defining UE requirements for UE receiver-based techniques, including cell identification requirements, measurement requirements, and UE performance requirements, for 9 dB CRE bias in scenarios with colliding and non-colliding CRS and inter-cell interference coordination by means of ABS patterns. Such interference scenario is in general more challenging and more resource-demanding for the receiver compared to earlier LTE releases. Resource-efficient measurement approaches are therefore of a great value in such scenarios. As an example, in this contribution we discuss a scaling approach for estimating RSRP for weak cells based on SSS estimates and RSRP of the aggressor cell.
2 Measurement Challenges in High Interference Conditions
Performing and reporting measurements by the UE is one of the basic functionalities. Performing measurements in high-interference conditions is challenging, e.g., because:
· Interference may be too high and the victim signal may be too weak  (up to 9 dB CRE bias in Rel-11, but Es/Iot may be even lower than -9 dB depending on the absolute values of Es/Noc of the victim and aggressor signals),
· To handle the interference, the receiver may need to estimate also the interfering channel (e.g., for interference cancellation) which may require additional UE resources and time,
· Even in ABS subframes, there may be some aggressor interferer transmissions, other than CRS (e.g., SI transmissions, paging, or even data transmissions if RAN1 agrees on reduced-power ABS),
· Aggressor cell may be not known to the UE (e.g., assistance data may be not accurate and not include the cell, the aggressor cell may be not the strongest and therefore not included, and/or fewer aggressor cells are listed in the assistance data than occur in practice),
· Aggressor cell may be known but the interfering signal may in practice be still an unknown signal in some time-frequency resources (e.g., from a neighbour PDSCH or control channels that are random to some extent too, and cancelling these signals is difficult).
At the same time, there are physical signals that are transmitted at a more regular basis (e.g., PSS, SSS, etc.), which the UE may have estimated, any way, prior performing measurements or which may be estimated with a relatively small amount of efforts. It may therefore be natural to reuse the known signal estimates to obtain an estimate of a weak victim signal. One example approach is discussed further in the next section.
3 Estimating a Weak Signal Using a Scaling Approach

Particularly, for high-interference scenarios it may be beneficial to estimate a weak signal (e.g., CRS of a pico cell for a UE in the CRE zone) simply based on scaling of an estimate of a known strong signal (e.g., CRS of a macro), where the scaling factor reflects a relative channel or power estimate for the two signal sources, e.g.,
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  is the calculated power estimate of the weak signal, 
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  is the power estimate of the known strong signal (e.g., RSRP), and 
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 is the scaling factor.
One approach to obtain the scaling factor 
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 with a reasonable amount of UE efforts could be to estimate a relative received signal power based on SSS signals (which are periodically transmitted, easy to measure for a known cell, and are robust to cell planning e.g. compared to PSS):
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With the above, the accuracy of the obtained estimate for a weak signal (pico CRS) may be almost as accurate as the estimate for the strong aggressor signal, which is a significant performance gain compared to the direct estimation of the weak signal. For simplicity, in the above equation, the power difference between SSS and CRS in a cell is assumed to be the same; in a more general case, the difference could be obtained by the UE or even received as a part of the eICIC assistance information.
The example approach described above has potentially also additional advantages, such as more efficient receiver operation, in the scenarios below, e.g. when:

· More than one weak signals need to be estimated (e.g., CRS and PRS),
· More than one aggressor cells are present (with interference cancellation, they would have to be estimated and subtracted),

· Aggressor and victim cells use different CPs in ABS (with scaling, the direct estimation is avoided),

· The weak signals are transmitted with a low density in time-frequency resource element grid,
· Joint channel estimation based on the overlapping SSS for the aggressor and victim cells can be used for estimating the scaling factor 
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 (joint channel estimation may provide a better performance than interference cancellation, which may be considered as a performance booster),
· The weak signal and the strong known signal are not colliding (e.g., macro and pico CRS are shifted in frequency),
· Network is SFN-aligned, which is generally problematic from the interference point of view, e.g., for synchronization signals, but the scaling approach and joint channel estimation may actually benefit from this.
4 Summary

We have presented an example approach of how to efficiently obtain measurements when the CRS signals to be measured are weak. According to this approach, the CRS-based measurements may be obtained via SSS estimates and the resulting quality may potentially be comparable to that of the aggressor signal measurements.
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