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1 Introduction

In [1], simulation assumptions for FeICIC system-level studies have been agreed. In this contribution, we provide system-level results for 1-reuse signals (e.g., PSS/SSS, PBCH, SIB1), 3-reuse signals (e.g., CRS with 2 tx ports), 6-reuse signals (e.g., CRS with 1 tx port). The average results indicate that the 2nd strongest interferer is typically weak and even weaker than the measured signal, which is also the case for CRS signals. The first strongest interferer is stronger than the measured signal mostly for 1-reuse signals such as PSS/SSS, for which the recommended Es/Noc values for test cases are -0.7 dB and 6 dB for the measured and aggressor cells, respectively.
2 Studied Scenarios
The interference conditions in ABS subframes are different for different signals, and depend on whether the signal collides with other signals transmitted in ABS or not. A high-level scheme characterizing interference scenarios for different signal types is shown in Table 1 below. In an SFN-aligned network, examples of the three considered different signal types are:
· 1-reuse signals: PSS/SSS, PBCH (MIB), SIB1,
· 3-reuse signals: CRS with 2 or 4 antenna ports,
· 6-reuse signals: CRS with 1 antenna port.
Interference scenarios characterization is further clarified below:

· Full load: the interference is coming from all cells,

· 3-reuse load: the interference is coming only from cells with PCI mod 3 = PCIvictim mod 3,

· 6-reuse load: the interference is coming only from cells with PCI mod 6 = PCIvictim mod 6.
Table 1. Load and interference situation characterization for different signal types
	Measured

Signal Type
	Interference Scenario Characterization

	
	Non-ABS subframes
	Non-MBSFN ABS subframes

	
	Full load
	Full load
	3-reuse load
	6-reuse load

	1-reuse
	Yes
	Yes
	N/A
	N/A

	3-reuse
	Yes
	N/A
	      Yes Note
	N/A

	6-reuse
	Yes
	N/A
	N/A
	      Yes Note

	Note In this setup, it is assumed that CRS is interfered only by CRS


For the sake of simplicity, non-MBSFN ABS subframes are assumed in Table 1. Also, it is assumed that CRS are interfered only by CRS in ABS subframes. Howe ever, some more analysis is necessary for the true ABS subframes.
The scenarios above are further studied by simulations at the system level, to derive interference conditions.

3 Simulation Results

The simulation results presented in this section are based on the assumptions agreed in [1]. The results are presented for a synchronous (SFN-aligned) network with ISD=500 m and the baseline PCI planning scenario (planned PCIs with 3-reuse per macro site and randomly assigned PCIs for pico cells). Scenario #4b(4), i.e., with 4 pico cells per macro cell area is studied, assuming the output power of pico BSs of 30 dBm. Scenarios only with non-MBSFN ABS subframes are studied in this contribution, with the ABS configuration assumed to be the same in all macro cells. Full load is assumed in non-ABS subframe, as has also been shown in Table 1. However, full load is also seen for 1-reuse signals such as PSS/SSS, PBCH, and SIB1. The results are presented for 1-reuse signals, 3-reuse signals (corresponding to 2 CRS antenna ports), and 6-reuse signals (corresponding to 1 CRS antenna port), where the signal types and interference scenario characterization is as has been explained in Section 2.
The following basic steps have been followed for deriving the results:
· Step 1: Determine the serving cell SINR level for the UEs of interest (25 %-ile for pico UEs in CRE zone), in non-ABS subframes
· Step 2: For each of the three signal types, for each UE of interest (UEs for which the SINR is within (0.1 dB from the reference SINR determined in Step 1), find:

· N strongest interferers in ABS subframes (N={1,2,3}), according to the signal type and corresponding interference scenario (see Table 1) and
· the corresponding Noc in ABS and non-ABS subframes (note that Noc in non-ABS has been derived for the set of interferers determined in ABS subframes)
· Step 3: For each N, for each of the three signal types, calculate the average Noc levels (separately for ABS and non-ABS), SNR levels, and also the aggressor cell difference with respect to the measured cell over all UEs of interest. 
The SINR distributions in non-ABS subframes from the simulations are shown in Figure 1, from where we derive reference SINR=-8.3 dB, corresponding to the 25%-ile of pico UEs in the CRE zone. For this SINR level, the numerical results obtained according to the steps described above are summarized in Table 2 below.
The equation below shows the relation (in linear scale) between the parameters in Table 2. In the table, however, the parameter values are in logarithmic scale.
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Figure 1. SINR CDFs: full plot (left figure) and zoomed in plot (right figure).
Table 2. Summary of simulation results, non-ABS SINR=-8.3 dB
	Signal type
	Non-ABS
	ABS
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	Measured signal
	1st interferer
	2nd interferer
	3rd interferer
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	1 strongest interferer deducted from Noc (N=1)

	1-reuse
	-88.2
	-88.2
	 -88.9
	   -0.7
	   6.7
	6.0
	N/A
	N/A
	N/A
	N/A

	3-reuse
	-84.2
	-98.4
	 -88.9
	    9.5
	  -0.5
	9.0
	N/A
	N/A
	N/A
	N/A

	6-reuse
	-82.1
	-103.5
	 -88.9
	  14.6
	-10.5
	4.2
	N/A
	N/A
	N/A
	N/A

	2 strongest interferers deducted from Noc (N=2)

	1-reuse
	-90.7
	-90.7
	-88.9
	1.8
	   6.7
	  8.5
	  -3.6
	-1.8
	N/A
	N/A

	3-reuse
	-84.4
	-100.9
	-88.9
	12.0
	  -0.5
	11.5
	-14.1
	-2.1
	N/A
	N/A

	6-reuse
	-82.1
	-106.1
	-88.9
	17.2
	-10.5
	  6.7
	-20.1
	-2.9
	N/A
	N/A

	3 strongest interferers deducted from Noc (N=3)

	1-reuse
	-92.8
	-92.8
	-88.9
	3.9
	6.7
	10.6
	  -3.6
	0.3
	  -6.9
	-2.9

	3-reuse
	-102.4
	-102.4
	-88.9
	13.5
	-0.5
	13.0
	-14.1
	-0.6
	-18.1
	-4.6

	6-reuse
	-107.3
	-107.3
	-88.9
	18.4
	-10.5
	  7.9
	-20.1
	-1.7
	-24.8
	-6.4

	NOTE: The set of interferers is as found in ABS


The results in Table 2indicate that the 2nd strongest interferer is typically weak and even weaker than the measured signal (see 
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), which is the case for all signal type, including 1-reuse signals (PSS/SSS) and 3-reuse signals (CRS). 
· Observation 1: the 2nd and 3rd interferers are typically weak, even weaker than the measured signal.
· Observation 2: based on the results, the most important scenario for the advanced receiver seems to be for 1-reuse signals, e.g., PSS/SSS, PBCH, SIB1, which therefore needs more attention in FeICIC discussions.
· Proposal 1: Assume N=1 when defining minimum requirements for FeICIC.
The first strongest interferer is stronger than the measured signal (see 
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) mostly for 1-reuse signals such as PSS/SSS. For these signals, the recommended Es/Noc values for test cases are -0.7 dB and 6 dB for the measured and aggressor cells, respectively. Further simulation studies are necessary to draw conclusions for 3-reuse and 6-reuse scenarios (e.g., for CRS).
· Proposal 2: Recommended Es/Noc values for 1-reuse signals are -0.7 dB and 6 dB for the measured and aggressor cells, respectively.
For requirements where 1 tx port is assumed, 6-reuse scenario is applicable. According to Table 2, the 1st interferer is more than 10 dB weaker than the 1st interferer. For these interference conditions, the legacy UE has no issues with the aggressor interference.
· Observation 3: The measured signal is 10 dB stronger than the first strongest interferer for 6-reuse signals (CRS with 1 tx port).
4 Summary
We have presented system simulation results based on the assumptions in [1]. The following observations have been made from the presented results:
· Observation 1: the 2nd and 3rd interferers are typically weak, even weaker than the measured signal.
· Observation 2: based on the results, the most important scenario for the advanced receiver seems to be for 1-reuse signals, e.g., PSS/SSS, PBCH, SIB1, which therefore needs more attention in FeICIC discussions.
· Observation 3: The measured signal is 10 dB stronger than the first strongest interferer for 6-reuse signals (CRS with 1 tx port).
The following is being proposed:

· Proposal 1: Assume N=1 when defining minimum requirements for FeICIC.
· Proposal 2: Recommended Es/Noc values for 1-reuse signals (e.g., PSS/SSS, PBCH, SIB1) are -0.7 dB and 6 dB for the measured and aggressor cells, respectively.
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