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1. Introduction
In RAN4 #63 system level simulations for FeICIC with 9 dB CRE bias were provided and discussions about suitable interference levels to be applied for defining RLM/RRM and demod/CSI performance requirements took place. No final agreement could be achieved in RAN4 #63. Main open issues were the number of interferers to be considered and the Es/Iot levels for cell detection requirements.

In this contribution we provide further considerations on the interference levels for the FeICIC core requirements. 
2. Discussion 
In RAN4 #63 system level simulations for FeICIC with 9 dB CRE bias have been provided by various companies [1], [2], [3], [4], [5], [6], [7] based on the simulation assumptions being agreed in [8]. The aim of this study was to define reference interference conditions to be used for the definition of core and performance requirements, but no final conclusions could be reached since the simulation results were not well aligned. 
One of the reasons why no conclusions could be achieved was that no clear procedure is yet defined how to derive the interference levels. Also, there is still a broad set of simulation assumptions provided in [8] yielding to different simulation results. In order to align the results further we share our view in this contribution based on which criteria the interference levels should be chosen. 
We start by looking at several simulation assumptions provided in [8] that yielded to different simulation results: 

· UEs of interest: Proposals for the interference levels were made based on the 5% quantile of all pico UEs, the 5% quantile of pico CRE UEs and the 25% quantile of pico CRE UEs.
· Configuration scenario: The simulation assumptions in [8] list both configuration scenarios #4b(4) and #1(4). Simulation results were provided for both scenarios showing yielding to different serving cell Es/Iot and interference levels, too.
· Transmit power: The simulation assumptions in [8] list both 24 dBm and 30 dBm as transmit power for pico cells. Simulation results were provided for both settings yielding to different serving cell Es/Iot and interference levels.

Regarding the UEs of interest, different quantiles were used to provide proposals for serving cell Es/Iot and interference levels of the explicitly modeled interfering cells. Typically, cell edge is defined as the 5% quantile of the UEs. Therefore, it seems reasonable either to choose the 5% quantile of all pico UEs or the 5% quantile of those pico UEs being in the CRE region. One of the arguments in RAN4 #63 why not to choose the 5% quantile of the pico CRE UEs was the low number of UEs. Since the number of CRE pico UEs representing the 5% quantile may be relatively small, aligning results between companies might cause difficulties since the simulation results around this quantile are not very stable. Using the 25% quantile doesn’t seem to be justified since it potentially leads to cell detection requirements that do not cover 25% of all UEs being in CRE region. Although we proposed in [2] to use the 5% quantile of pico CRE UEs, we agree to use the 5% quantile of all pico UEs as a way forward to define the core requirements.
Proposal 1: The 5% quantile of all pico UEs should be considered to define the core requirements.

Next we look at the configuration scenario and the transmit power of the pico cells. Figure 1 and Figure 2 show parts of the Es/Iot CDF in non-ABS subframes for configuration 4b(4) and 1(4) for both 24 dBm and 30 dBm Tx power of the pico cells. From the figures it is seen that the 5% quantile of all pico UEs is lower in configuration 1(4) compared to configuration 4b(4). The same observation hold when comparing 24 dBm with 30 dBm Tx power. 
Observation 1: The 5% quantile of all pico UEs is lower in configuration 1(4) than in configuration 4b(4).

Observation 2: The 5% quantile of all pico UEs is lower for 24 dBm Tx power than for 30 dBm Tx power.

It is also insightful to compare those scenario with the highest and lowest 5% quantile of the Es/Iot CDF. These are the scenarios configuration 4b(4) with 30 dBm Tx power and configuration 1(4) with 24 dBm Tx power. It is seen from Figure 2 that the 5% quantile of all pico UEs in the first scenario is Es/Iot = -9.5 dB. In the left hand side of Figure 2 it is observed that this Es/Iot = -9.5 dB value corresponds roughly to the 20% quantile in configuration 1(4) with 24 dBm Tx power.  

Observation 3: The 5% quantile of the Es/Iot CDF for configuration 4b(4) with 30 dBm Tx power corresponds roughly to the 20% quantile of the Es/Iot CDF for configuration 1(4) with 24 dBm Tx power.
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Figure 1: Serving CRS Es/Iot for Pico UEs in non-ABS subframes – Configuration 4b(4):                                                  left hand side) 24 dBm Pico Tx power, right hand side) 30 dBm Pico Tx power
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Figure 2: Serving CRS Es/Iot for Pico UEs in non-ABS subframes – Configuration 1(4):                                                  left hand side) 24 dBm Pico Tx power, right hand side) 30 dBm Pico Tx power
The inherent assumption of configuration 4b(4) is that 2/3 of all UEs within each macro geographical area are within 40m around the pico cell. This assumption is independent on the CRE bias. It should also be taken into account that with increasing CRE bias it becomes more unlikely that 2/3 of all UEs are within 40m around the pico cell. Rather, the placement of UEs tends to configuration 1(4) if the CRE bias increases further. Therefore, choosing configuration 4b(4) as the reference scenario may yield to a selection of a Es/Iot value that is not experienced by a large amount of UEs if they are not within 40m around the pico. In order to avoid problems in the real world when the UEs do not follow the arbitrary assumptions of the UE placement the worst case scenario out of configuration 1(4) and configuration 4b(4) should be chosen as the reference scenario for defining the core requirements. Therefore we propose:
Proposal 2: Pico cell Tx power of 24 dBm should be assumed for defining the core requirements.

Proposal 3: Configuration scenario 1(4) should be assumed for defining the core requirements.

These proposals down select the simulation assumptions provided in [8] further and allow selecting a suitable Es/Iot value for cell detection. However, in addition it also needs to be investigated how many explicitly modeled interfering macro cells should be considered in the definition of the test case for cell detection. In the previous RAN4 meeting several contributions were already provided discussing the number of interfering cells to be considered for cell detection. Although, the simulation results were relatively well aligned, the criteria being chosen by the companies how to decide on the number of relevant interferers differed significantly. For example, some companies looked at the average relative strength of the second interferer compared to the dominant interferer whereas other companies considered the CDF of the interference level of the second strongest interferer conditioned relative to the level of the dominant interfering cell. Obviously, the conclusions differed significantly depending on the chosen criterion. Hence, it is needed to align the criteria how to select the number of interfering cells and their levels before a final conclusion can be drawn.     
For the selection of the interference levels we propose the following procedure:

Proposal 4: Two interfering cells should be explicitly modeled in the cell detection test case. The levels should be chosen according to:
a) Select all UEs corresponding to the 1% - 10% quantile of the Es/Iot CDF of the chosen scenario

b) Plot for those UEs the CDF of EI,1/Noc, where EI,1 corresponds to the received energy of the dominant macro interferer and Noc corresponds to the energy of all cells not explicitly modeled in the cell detection test.

c) Select the interference level of the most dominant interferer based on the 50% quantile of the EI,1/Noc CDF.

d) Plot the CDF EI,1/EI,2 of the energy ratio of the strongest to second strongest macro interferer and select the level of the second strongest interferer based on the 20% quantile of this CDF.
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The selection of the 20% quantile is triggered by the expectation that interferers that are relatively close to each other can cause issues for cell detection. The impact of the second interferer has been investigated in [9] for receivers w/ and w/o PSS/SSS interference cancellation. Therefore we believe that the requirements to be defined should cover such scenarios as well. In Figure 3 and Figure 4 we show the CDFs required in steps b) and c) for configuration 1(4) and configuration 4b(4) for 24 dBm Tx power.
Figure 3: Configuration 1(4), 24 dBm – left) EI,1/Noc CDF, right) EI,1/EI,2 CDF
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Figure 4: Configuration 4b(4), 24 dBm – left) EI,1/Noc CDF, right) EI,1/EI,2 CDF
From these figures it can be seen that the level of the strongest interferer should be chosen in the order of 3 dB – 5 dB and the second strongest interferer is roughly 2 dB lower. These levels should also be verified by other companies. 
3. Conclusion 
In order to cover a suitable amount of pico UEs in cell edge conditions, we propose:

Proposal 1: The 5% quantile of all pico UEs should be considered to define the core requirements.

Based on the simulation results, we make the following observations: 
Observation 1: The 5% quantile of all pico UEs is lower in configuration 1(4) than in configuration 4b(4).

Observation 2: The 5% quantile of all pico UEs is lower for 24 dBm Tx power than for 30 dBm Tx power.

Observation 3: The 5% quantile of the Es/Iot CDF for configuration 4b(4) with 30 dBm Tx power corresponds roughly to the 20% quantile of the Es/Iot CDF for configuration 1(4) with 24 dBm Tx power.
In particular, Observation 3 indicates, that the core requirements may not cover a large number of pico UEs, if configuration 4b(4) is chosen as reference scenario for defining the core requirements. In order to ensure that the core requirements are applicable for most of the UE, we propose for the reference scenario:
Proposal 2: Pico cell Tx power of 24 dBm should be assumed for defining the core requirements.

Proposal 3: Configuration scenario 1(4) should be assumed for defining the core requirements.

In order to define the interference levels, we propose the following procedure:
Proposal 4: Two interfering cells should be explicitly modeled in the cell detection test case. The levels should be chosen according to:
a) Select all UEs corresponding to the 1% - 10% quantile of the Es/Iot CDF of the chosen scenario

b) Plot for those UEs the CDF of EI,1/Noc, where EI,1 corresponds to the received energy of the dominant macro interferer and Noc corresponds to the energy of all cells not explicitly modeled in the cell detection test.

c) Select the interference level of the most dominant interferer based on the 50% quantile of the EI,1/Noc CDF.

d) Plot the CDF EI,1/EI,2 of the energy ratio of the strongest to second strongest macro interferer and select the level of the second strongest interferer based on the 20% quantile of this CDF.
We recommend to take these observations and proposals into account for the definition of the interference conditions for the core requirements.
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