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1.  Introduction
During the RAN4 #66bis meeting there were online and offline discussion, as well as contributions [1~2], on the side conditions for RSRP and RSRQ measurement higher accuracy for FeICIC. However due to lack of consensus the side conditions Es/Iot for higher accuracy, i.e. ±2dB for RSRP relative accuracy and ±2.5dB for RSRQ absolute accuracy, still remain open.

In this paper, we give our further considerations on the side conditions of Es/Iot for higher RSRP relative accuracy and higher RSRQ absolute accuracy in FeICIC.
2. Discussion
2.1 Receiver assumption
In Rel-8, the interferences are modelled as additive Gaussian white noise. The signal model for RRM measurement therefore is as below.
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Where, H1 is the serving cell channel. x1 is the transmitted signal. n is the additive noise and the noise variance is
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The baseline receiver for Rel-8 is assumed to measure the RSRP directly from received signal y. The side conditions Es/Iot for RSRP measurement are defined based on the equation [1]. So 
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For ±3dB accuracy requirement, the side condition Es/Iot for RSRP relative accuracy is -6dB.

For ±2dB accuracy requirement, the side condition Es/Iot for RSRP relative accuracy is -3dB.

In Rel-11 FeICIC, because of the dominant interferers seen by the UE, interference cannot be just simply modelled as additive Gaussian white noise. Further more due to the large CRE bias (9dB) the condition for UE is much worse than that in Rel-8. Though ABS subframes in macro is used to protect CRE UEs there is not any benefit for RSRP measurement as CRS is always transmitted in ABS.
Note that although two aggressor cells are considered as dominant interferers, only the strongest interferer should be modelled to define RRM/RLM measurement requirement as it was agreed that only the case that serving cell has colliding CRS with 1st aggressor cell and has non-colliding CRS with 2nd aggressor cell is considered.
Therefore the signal model for RRM measurement requirements in FeICIC can be written as below.
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Where, H1 and H2 are the serving cell and aggressor cell channels respectively. x1 is the wanted signal and x2 is the interference signal. n is the additive Gaussian white noise and the noise variance is
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Then SNR, INR and Es/Iot are as the following.
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It was agreed that SNR and INR for ±3dB RSRP relative accuracy requirement are -4dB and 4dB respectively.
The Rel-11 FeICIC baseline receiver for RRM measurement is assumed to be CRS IC receiver as CRS assistance information with which UE can use to mitigate CRS interference is provided to UE via dedicated RRC signalling. The receiver is assumed to cancel the CRS interference from aggressor cell first and then use the Rel-8 estimator. After CRS IC, the signal can be further modelled as following.
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n1 is remaining interference after CRS cancellation and modelled as the additive Gaussian white noise. The noise variance of n1 is
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So the Es/Iot of signal to the Rel-8 estimator following CRS IC is 
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If interference CRS is perfectly cancelled, then n1 would be zero and thus
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. In practical receiver, due to the imperfection of CRS IC, n1 can not be zero and there is remaining interference on y’ which can be modelled as AWGN as most of the interference has been cancelled out. 
In Rel-8, the requirement for RSRP relative accuracy is as following.
For ±3dB accuracy requirement, the side condition Es/Iot for RSRP relative accuracy is -6dB.

For ±2dB accuracy requirement, the side condition Es/Iot for RSRP relative accuracy is -3dB.

In Rel-11 FeICIC, the requirement for RSRP relative accuracy is as following.

For ±3dB accuracy requirement, the side condition Es/Iot for RSRP relative accuracy is -9.46dB, which corresponds to SNR=-4dB and INR=4dB. As the baseline receiver is the Rel-8 estimator following CRS IC the
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should be no less than -6dB. Comparing 
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, it can be observed that there is about 2dB SNR margin for the implementation of CRS IC.
Similarly, for ±2dB RSRP relative measurement accuracy requirement it is still reasonable to consider 2dB SNR margin for CRS IC. As SNR’ should be no less than -3dB the SNR could be -1dB. Given that INR=4dB remains unchanged, the side condition Es/Iot should be -6.46dB.
In [2], it was proposed that side condition Es/Iot is -7.46dB for ±2dB RSRP relative measurement accuracy requirement, which corresponds to SNR = -3dB and INR=2.5dB. In this case, if Rel-8 requirement is not too relax, only perfect CRS IC could meet the requirement. Otherwise due to imperfection of CRS IC the SNR’ would be less than -3dB which means higher accuracy requirement could not be met.
Proposal 1: The Required Es/Iot for ±2dB RSRP relative measurement accuracy in FeICIC can be set to -6.46dB.
Obviously, due to the CRS IC feature of Rel-11 FeICIC receiver, there should be restriction for SNR and INR. But how to describe the restriction in the requirement is a problem. For consistency of standard, we tend to describe the restriction in tests while keep core requirement same as Rel-8. In other words, Es/Iot is the only side condition for RSRP relative measurement accuracy requirement, but tests are defined for different SNR and INR combinations.
Proposal 2: In the test case in FeICIC for higher RSRP relative measurement accuracy, i.e. ±2dB accuracy, the SNR should be set to -1dB and INR should be set to 4dB.
For RSRQ requirement, same justification applies.
Proposal 3: The Required Es/Iot for ±2.5dB RSRQ absolute measurement accuracy in FeICIC can be set to -6.46dB.
Proposal 4: In the test case in FeICIC for higher RSRQ absolute measurement accuracy, i.e. ±2.5dB accuracy, the SNR should be set to -1dB and INR should be set to 4dB.
3. Conclusions
In this contribution, we give our further considerations on the side conditions of Es/Iot for higher RSRP relative accuracy and higher RSRQ absolute accuracy in FeICIC. Based on the observations following is proposed.
Proposal 1: The Required Es/Iot for ±2dB RSRP relative measurement accuracy in FeICIC can be set to -6.46dB.
Proposal 2: In the test case in FeICIC for higher RSRP relative measurement accuracy, i.e. ±2dB accuracy, the SNR should be set to -1dB and INR should be set to 4dB.
Proposal 3: The Required Es/Iot for ±2.5dB RSRQ absolute measurement accuracy in FeICIC can be set to -6.46dB.
Proposal 4: In the test case in FeICIC for higher RSRQ absolute measurement accuracy, i.e. ±2.5dB accuracy, the SNR should be set to -1dB and INR should be set to 4dB.
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