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1.  Introduction
In RAN4 #63 meeting, system level simulation results and analysis for FeICIC [1-7] were presented to determine the number of interferers and corresponding interference levels for 9 dB CRE bias. However no final conclusion was reached due to the methodology used was different among involved companies. 
In this contribution, we provided further analysis on the number of interferers and the corresponding interference levels for 9dB CRE bias when defining RRM/RLM and cell detection requirements. 
2. Discussion
According the RAN4#63 meeting minutes, it was expected that agreement on the number of interferers to be explicitly modelled when defining RRM/RLM and cell detection requirements would be achieved in the June’s UE performance adhoc meeting. We analyse the two pending issues, i.e. number of interferers and interference levels. From the analysis, we arrive at the proposals for defining the RRM/RLM and cell detection requirements. 
2.1 Number of Interferers
The system level simulation assumptions are same as in [6] which is consistent with the agreed assumptions in [8] with some extra explanations. Here we analyse one typical scenario, which is configuration #4b, pico node power 30 dBm, ISD 500m, to determine the number of interfering cells. Additional simulation results can be obtained from [6].
We first analyse the power ratio of 1st dominant interfering cell to 2nd strongest interfering cell and 1st dominant interfering cell to 3rd strongest interfering cell. This is showed in Figure 1. Note that the interference levels are analysed based on the non-ABS subframes.
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Figure 1: Interference level ratios for pico CRE UEs.  

Figure 1A shows the interference level ratio of strongest interferers regardless of macro cell or picocell. Figure 1B shows the interference level ratio of strongest macro interferers where only macro cell is considered to be dominant interferers.

It can be seen from Figure 1A that for 20% pico CRE UEs the interference level ratio of 1st strongest interferer to 2nd strongest interferer is about 2.5 dB, the interference level ratio of 1st strongest interferers to 3rd strongest interferer is about 7.0 dB. It also can be seen from Figure 1B that for 20% pico CRE UEs the interference level ratio of 1st strongest macro interferer to 2nd strongest interferer is about 2.8 dB, the interference level ratio of 1st strongest interferer to 3rd strongest interferer is about 8.0 dB. Therefore, we can say that the 3rd strongest interferer is too weak to be modelled, regardless whether it is macrocell or picocell. However, we cannot neglect the 2nd strongest interferer because its interference level is quite strong and this is experienced by quite a significant number of pico CRE UEs. 

From the above observations, it is the general perspective that macro cells should be explicitly modelled as interferers, but the strongest two or strongest three interfering cells are not always the macro cells. We investigated the probabilities of the strongest interfering cells are to be macro cells which is depicted in Figure 2.
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Figure 2: Probabilities of strongest interfering cells are to be macro cells

In Figure 2, x-axis indicates the different cases, where 1 shows that the strongest one interfering cell is macro cell, 2 shows that the strongest two interfering cells are macro cells and 3 shows that the strongest three interfering cells are macro cells. From Figure 1, the following observations can be made:
· UEs in pico CRE zone have higher probabilities that the interfering cells are to be macro cells.

· Only for UEs in pico CRE zone the strongest 1 interfering cell is macro cell with 100% certainty.

· The probability of strongest 2 interfering cells are macro cells is less than 80% and the probability of strongest 3 interfering cells are macro cells is less than 60%. This implies that there is likelihood that strongest interfering cells are non-macrocell. 
Suppose that 2 interfering macro cells are explicitly modelled when defining RRM requirements and the corresponding tests. But if in practical network the 2nd strongest interfering cell could be a picocell, then a UE that passed the tests may fail in practical network. As more picocells (more than 4 pico nodes) deployment is foreseen in practical network, this will significantly increase the probability of the strongest 2 or the strongest 3 interfering cells that are not non-macro cell.

Since more than 20% pico CRE UEs suffer from the 2nd strongest interference from picocells, it would be risky to simply model macro cells as dominant interferers as unexpected results will occur. Meanwhile, it seems that it is also unreasonable to just model one interferer as our simulation results show that the case of a comparable 2nd strongest interferer can exist.  
So based on the analysis, we propose the followings for cell detection and RRM/RLM requirements.
Cell detection

For cell detection, the PSS/SSS signals are always colliding between serving cell and all other interfering cells if no time shifting is applied. No matter the strongest 2 interfering cells are all macro cells or one is macro cell and the other is picocell the collision between PSS/SSS signals will always occur. So to model interferers for cell detection requirement, we should not just model the strongest macro cells, but should model the strongest few interferers. Otherwise, it is not in line with the practical network.
Proposal 1: For defining requirements and tests for cell detection, 2 dominant interferers should be modelled. The 1st dominant interferer is macro cell and the 2nd dominant interferer could either be macro cell or picocell.
RRM/RLM
For RRM/RLM requirement, the baseline receiver for Rel-11 is CRS IC receiver. As RRM/RLM is performed in ABS subframe where no data is transmitted by macro cells it is possible to perform CRS IC if we know the CRS information of dominant interfering macro cells. However the same ABS pattern is not applied to picocells. Hence, data is still transmitted from picocells during macro ABS subframes, making it extremely difficult to the cancel interference from picocells. In addition, it is also deemed complex to model 2 interferer cells for RRM/RLM requirements even though more than 20% pico CRE UEs suffers from the 2nd strongest interference from picocell.
Proposal 2: For defining requirements and tests for RRM/RLM, only 1 dominant interfering macro cell should be modelled. 
2.2 Interference levels
The reference CRS Es/Iot results for config#4b, Pico node power 30 dBm, ISD 500m and 9 dB bias is shown in Figure 3. 
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Figure 3: Es/Iot for Pico CRE UEs on Non-ABS subframes
The 5-ile Es/Iot is -11.9 dB, the 10-ile Es/Iot is -11dB and the 20-ile Es/Iot is -10.2dB. Actually it is a little bit hard to determine which percentile should be used to decide the reference Es/Iot. Our slight preference is to use 10-ile Es/Iot as the reference percentile. The final Es/Iot also depends on the reference Es/Noc and EI/Noc combinations.
So based on the analysis, we propose the followings for cell detection and RRM/RLM requirements.

Cell detection
As we illustrated previously, we assume that two interferers needs to be modelled for defining requirements and tests. Suppose EI1 and EI2 are the interference level of the two interferers, EI1 is the power of 1st strongest interferer and EI2 is the power of 2nd strongest interferer, then Noc = Iot- EI1- EI2. In Rel-10 eICIC, only 1 interferer is modelled. So if two interferers are to be modelled, the Noc would decrease. If we take 9 dB bias which is 3 dB higher than in eICIC into account, the Es would also decrease for the UE at the edge of pico CRE zone. So it is reasonable to still use Es/Noc = -4 dB. 
Once Es/Noc is determined, we could determine the EI1/Noc and EI2/Noc respectively. For 9 dB bias, at the edge of CRE zone, EI1 should be 9 dB higher than Es. So EI1/Noc could be set to 5 dB. It is observed above that 2nd strongest interferer is about 2.5 dB weaker than 1st strongest interferer. Here we model the 2nd interferer 3 dB weaker in order not to lead to too high Es/Iot. So the EI1/Noc could be set to 2dB.
Proposal 3: For defining requirements and tests for cell detection, the side conditions could to set as: Es/Noc = -4 dB, EI1/Noc = 5 dB, EI2/Noc = 2 dB, i.e. Es/Iot = -11.6 dB.
RRM/RLM
As analysed above, only one interfering macro cells is assumed to be modelled for defining RRM/RLM requirements and tests. Similarly, compared with Rel-10 eICIC, the Es value would decrease with 9 dB bias. So the Es/Noc should set lower than in Rel-10. Figure 4 shows the Es/Noc distribution. 
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Figure 4 Es/Noc for Pico CRE UEs on Non-ABS subframes

Note that Noc here is (Iot- EI1) as only one interferer is modelled.

The 5-ile Es/Noc is about -5 dB. So we could set Es/Noc to -5 dB. Similarly, EI1/Noc could be set 9 dB higher than Es/Noc due to 9 dB bias. 
Proposal 4: For defining requirements and tests for RRM/RLM, the side conditions could to set as: Es/Noc = -5 dB, EI1/Noc = 4 dB, i.e. Es/Iot = -10.5 dB.
3. Conclusions
In this contribution, we provided further analysis on the number of interferers and the corresponding interference levels for 9dB CRE bias when defining RRM/RLM and cell detection requirements. The proposals are given below:
Proposal 1: For defining requirements and tests for cell detection, 2 dominant interferers should be modelled. The 1st dominant interferer is macro cell and the 2nd dominant interferer could either be macro cell or picocell.
Proposal 2: For defining requirements and tests for RRM/RLM, only 1 dominant interfering macro cell should be modelled. 
Proposal 3: For defining requirements and tests for cell detection, the side conditions could to set as: Es/Noc = -4 dB, EI1/Noc = 5 dB, EI2/Noc = 2 dB, i.e. Es/Iot = 11.6 dB.
Proposal 4: For defining requirements and tests for RRM/RLM, the side conditions could to set as: Es/Noc = -5 dB, EI1/Noc = 4 dB, i.e. Es/Iot = 10.5 dB.
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