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1 Introduction

In [1], we showed that based on system-simulation results, the second aggressor interferer is typically weak which justifies specifying minimum RAN4 requirements for one aggressor cell.
In the last meeting, it has been agreed to provide results for SNR0=-4 dB. Based on this assumption, we provide further system simulation results for cell identification with FeICIC in this contribution.
2 System Simulation Results for Cell Identification
In this section, we study interference scenarios for PSS/SSS signals. The simulations are based on assumptions in [2].
2.1 One aggressor cell (N=1)

In this section we analyze results for scenarios with 1 aggressor interferer.

In Figure 1, we show statistics for the aggressor cell SNR (SNR1) and measured cell SINR. The shown statistics has been extracted for UEs with SNR0=-4 dB. As can be seen, the results are very similar configuration #4b(4), which is a baseline, and configuration #1(4).

The following observations can be made from the plots in Figure 1:
· As expected, the lowest SINR approaches -10.2 dB (achieved with SNR1 approaching 5 dB - however, such UEs almost do not exist in the network),
· 50% of UEs have SNR1<0.5 dB (SINR>-7.25 dB),

· 90% of UEs have SNR1<4 dB (SINR>-9.5 dB).

With the observations above, for N=1 it is reasonable to consider aggressor cell with SNR1 not greater than 4 dB.

· Proposal 1: With N=1, aggressor cell SNR1 should not exceed 4 dB.
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Figure 1. SNR1 (left plot) and SINR (right plot) statistics for UEs with SNR0=-4 dB for 1 aggressor interferer (N=1).
2.2 Two aggressor cells (N=2)

In this section we analyze results for scenarios with 2 aggressor interferers.

In Figure 2, we show statistics for the first aggressor cell (SNR1) and for the second aggressor cell (SNR2). The shown statistics has been extracted for UEs with SNR0=-4 dB. The following observations can be made from the plots in Figure 2:

· 90% of UEs have first aggressor cell SNR1<4 dB,

· 90% of UEs have second aggressor cell SNR2<0 dB.

It is also noted that it is important to look at conditional distributions of SNR1 and SNR2, i.e., to look at both aggressors’ SNRs jointly. This is illustrated in Figure 3. From Figure 3, we can observe the following,
· Very few UEs with SINR<-10 dB have SNR1>2 dB (the markers above the curve corresponding to -10 dB),

· Most of the UEs see a weak second aggressor cell (SNR2<0 dB).

With the observations above as well as considering UE complexity [3] and the gain of cancelling the interference from a weak cell, it is not reasonable to define cell identification requirements for N=2.

· Proposal 2: For cell identification requirements, consider one explicitly modelled aggressor cell, i.e., N=1.
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Figure 2. SNR1 (left plot) and SNR2 (right plot) statistics for UEs with SNR0=-4 dB for 2 aggressor interferers (N=2).
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Figure 3. Joint plots for SNR1 and SNR2 for UEs with SNR0=-4 dB for 2 aggressor interferers (N=2).
3 Analysis of Scenarios with Colliding CRS

Cell identification also includes performing a measurement on CRS. Therefore, it is important to look at CRS collision scenarios which may occur and which are most important. In this section, the set of aggressor cells is selected based on PSS/SSS. Then, we further analyze the probability of different scenarios with respect to CRS collision with the CRS of the measured cell (Cell 0). The following scenarios are generally possible:

· Scenario A: Both Cell 1 and Cell 2 have CRS colliding with CRS of Cell 0

· In this case, IC may be performed on CRS of both cells for RRM/RLM

· Scenario B: None of Cell 1 and Cell 2 have CRS colliding with CRS of Cell 0

· In this case, IC on CRS does not benefit RRM/RLM measurements since the interference is coming from data transmissions (if there is a data transmission).

· Scenario C:  Cell 1 only is colliding with Cell 0
· In this case, IC may be performed on CRS of Cell 1

· Scenario D: Cell 2 only is colliding with Cell 0

· In this case, IC may be theoretically performed on CRS of Cell 2; however, from section 2 we observed that the second aggressor is typically weak (SNR2<0 dB in 90% of cases and SNR2<1 dB in 95 of cases) and IC on CRS of Cell 1 does not benefit RRM/RLM due to that the interference from Cell 1 is from data transmissions.
In the results presented in this section, the number of CRS ports is 2. With one CRS antenna port (the assumption in RRM requirements), the collision probabilities reduce approximately by a factor of 2.

In Figure 4, we illustrate Scenario A (Cell 1 and Cell 2 are colliding), Scenario B (none of the two aggressor cells collides with Cell 0), and Scenario C+D (one of Cell 1 and Cell 2 collide with Cell 0). We observe that 

· Probability of Scenario A is ~2%,
· Scenario B happens in ~40% of cases,

· Scenario C or Scenario D occur in >50% of cases (it is also noted that Scenario C occurs more often, in >30% of cases; Scenario D, which is less important for FeICIC due to the weak second aggressor, occurs in <20% of cases),
· In Scenario D, the second aggressor cell (Cell 2) is not always a macro cell.

In Figure 5, we further show the individual probability of colliding CRS for the first (Cell 1) and second (Cell 2) aggressor cells with the CRS of measured cell (Cell 0). It is observed that

· It is more common that the first aggressor cell has colliding CRS with the measured cell,

· The first aggressor is always a macro cell (expected and aligned with the assumptions in [2]).

· Proposal 3: For cell identification requirements, consider the first aggressor cell with CRS colliding with CRS of the measured cell.
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Figure 4. Joint probability of colliding or non-colliding CRS in scenarios with 2 aggressor cells (Cell 1 and Cell 2).
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Figure 5. Individual probability of colliding CRS for the first (Cell 1) and second (Cell 2) aggressor cells with the CRS of measured cell (Cell 0).
4 Summary

We studied system results for scenarios with one aggressor interferer and two aggressor interferers, based on the agreed RAN4 assumption that the measured cell SNR0=-4 dB. For two aggressor cells we observed that 

· 90% of UEs have first aggressor cell SNR1<4 dB,

· 90% of UEs have second aggressor cell SNR2<0 dB,
· For 2 CRS ports, Scenario A (both aggressor cells have CRS colliding with CRS of measured cell) occurs with the probability <2% and the second strongest cell is not always a macro cell.
The results confirmed our previous observations in [1] made for a more general SNR0 setting. 
Based on the discussion above, we propose the following:

· Proposal 1: With N=1, aggressor cell SNR1 should not exceed 4 dB.

· Proposal 2: For cell identification requirements, consider one explicitly modelled aggressor cell, i.e., N=1.

· Proposal 3: For RRM/RLM requirements, consider the first aggressor cell with CRS colliding with CRS of the measured cell.
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