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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 cell identification.
2 Methodology

The following basic steps have been followed for deriving the results:

· Step 1: Determine the serving cell SINR level for the UEs of interest (the SINR is the SINR in non-restricted measurement subframes)
· Based on [2], the proposed SINR is -9 dB

· Step 2: For each UE of interest (UEs for which the SINR is within (0.2 dB from the reference SINR determined in Step 1), find:

· N strongest interferers in ABS subframes (N={1,2,3})
· Step 3: For each N, find median SNR0, corresponding average SNRs of interferers, and corresponding average signal and interference levels
· For PSS/SSS, Noc is the same in ABS and non-ABS subframes
The methodology is similar to that in [3], with some updates. Compared to [3], the difference is in the updated SINR and finding the median for SNR0 instead of the average in Step 3.
The equation below shows the relation (in linear scale) [3] between the parameters in Table 1, where S0 and Si are received signal power of measured cell and neighbour cell i, respectively, and I  is the interference from other cells and noise. In Table 1, however, the parameter values are in logarithmic scale.
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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, which has been a baseline also for Rel-10 requirements, assuming the output power of pico BSs of 30 dBm.
PBCH and SIB1 have not been taken into account when deriving system-level results for CRS-based measurements used in cell identification. However, to ensure reliable performance in real networks, it is recommended to investigate their impact on cell identification at the link level.
3.1 PSS/SSS interference

In Figure 1, three CDFs of SNR0 at SINR=-9 dB are shown for N=1, 2, and 3, respectively. The medians occur at around -2 dB, 0 dB, and 2 dB, respectively. From Figures 2-4, it can be seen that SNR0 values correlate well with SNR1, i.e., with the strongest interfering signal power, which means that SNR1 can be easily derived from the results for the known SINR (-9 dB) and SNR0 (the median).
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Figure 1. Measured-cell SNR (SNR0) statistics for N={1,2,3} at SINR=-9 dB.
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Figure 2. Interrferer statistics for N=1 at SINR=-9 dB; median SNR0 is -2 dB.
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Figure 3. Interrferer statistics for N=2 at SINR=-9 dB; median SNR0 is 0 dB.
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Figure 4. Interrferer statistics for N=3 at SINR=-9 dB; median SNR0 is 2 dB.
The results are summarized in Table 1 below. The results in Table 1 indicate that the 2nd strongest interferer is typically weak and even weaker than the measured signal (see 
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Table 1. Summary of simulation results for PSS/SSS, SINR=-9 dB (green: interferer is stronger than measured signal; red: interferer is weaker than measured signal)
	Signal type
	ABS and non-ABS

	
	
[image: image7.wmf]I


	Measured signal
	1st interferer
	2nd interferer
	3rd interferer
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	1 strongest interferer not included in Noc (N=1)

	PSS/SSS
	-95.89
	-97.92
	   -2.03
	 8.03
	6.0
	-
	-
	-
	-

	2 strongest interferers not included in Noc (N=2)

	PSS/SSS
	-88.90
	-88.89
	0.01
	 8.14
	 8.15
	  -4.06
	-4.05
	-
	-

	3 strongest interferers not included in Noc (N=3)

	PSS/SSS
	-87.96
	   -85.96
	2.00
	7.93
	9.93
	  -1.50
	0.50
	  -4.40
	-2.40

	NOTE: I and 
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 are in dBm, all other numbers in the table are in dB. I is calculated per subcarrier in PSS/SSS REs


· Observation: The 2nd and 3rd interferers are typically weak, weaker than the measured signal.
· Proposal 1: Assume N=1 for cell identification requirements.
3.2 PSS/SSS-interferering cells with non-colliding and colliding CRS

Based on the conclusion from the previous section, in Figure 5 we show results for N=1 and among all PSS/SSS-interfering cells we mark (with black circles) those with colliding CRS. The statistics shows that for PSS/SSS interferers with colliding CRS, SNR1 are distributed with respect to SNR0 similarly to interferers with non-colliding CRS. Therefore, the median SNR0 derived in the previous section may be used for cell identification in general, i.e., for interferers with colliding and non-colliding CRS. This conclusion, however, does not directly apply for pure CRS-based measurements where the set of interferers is defined in restricted measurement subframes.
· Proposal 2: For cell identification, the set of interferers should be derived based on PSS/SSS.

· Proposal 3: For N=1, assume SNR0=-2 dB and SNR1 ( 6 dB for cell identification requirements.
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Figure 5. Interrferer statistics for N=1 at SINR=-9 dB for interferers with colliding and non-colliding CRS.
3.3 Interference statistics for CRS measurements during cell identification
In this section, we investigate the interference to CRS in the measured cell. Since performing the CRS-based measurement is a part of cell identification, then the aggressor cell assumed in this section is still the same as for PSS/SSS in the sections above. However, unlike for PSS/SSS, the interference on CRS will vary between ABS and non-ABS subframes.

It may be expected that, if the PSS/SSS aggressor has CRS colliding with CRS of the measured cell, the reduction of interference to the measured CRS may be less significant in ABS subframes compared to when the PSS/SSS aggressor has CRS not colliding with the measured CRS. In the latter, most of the interference to the measured CRS is generated by data transmissions in the aggressor cell, which are not present in ABS (hence a larger reduction). This intuitive observation has been confirmed by system-level results shown in Figure 6: the median difference is around 1 dB in the colliding CRS case, whilst the median difference is 9 dB for the non-colliding CRS case. For the non-colliding case, the amount of reduction correlates well with SNR0, and the median difference of 9 dB in Figure 6 corresponds approximately to the median SNR0 in Figure 2, i.e., SNR0=-2 dB. 
The observations and the results suggest that 
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, and the following values may be assumed:

· 
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=1 dB when the measured cell and aggressor cell CRS collide,
· 
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=9 dB when the measured cell and aggressor cell CRS do not collide, 
· 
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=12 dB with MBSFN ABS in the data region.

It is also worth noting also that for colliding CRS, the reduction is the same in the measured and the aggressor cell, i.e.,
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however, the interference reduction is different in the measured and the aggressor cells for the non-colliding CRS case, i.e.,
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· Proposal 4: For non-MBSFN ABS with colliding CRS, assume:
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Figure 6. Interference variation on CRS in the measured cell between ABS and non-ABS subframes.
We further note that the analysis in this section applies only for measurements used for cell identification and not for general CRS-based measurements where the set of interferers is derived differently (with reuse 3 on CRS in restricted measurement subframes, whilst for cell identification the set of interferers is derived based on PSS/SSS). 
We also note that the impact of PBCH was not taken into account in system simulations, which needs to be investigated in link studies.
4 Summary
We have presented system simulation results for PSS/SSS based on the assumptions in [1]. It has been observed that the 2nd and 3rd interferers are typically weaker than the measured signal. Hence, the following is proposed:
· Proposal 1: Assume N=1 for cell identification requirements.

· Proposal 2: For cell identification, the set of interferers should be derived based on PSS/SSS.
· Proposal 3: For N=1, assume SNR0=-2 dB and SNR1 ( 6 dB for cell identification requirements.
· Proposal 4: For non-MBSFN ABS with colliding CRS, assume:
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