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1 Introduction
The reference receiver for FeICIC has been discussed in the contributions [1]-[4] in previous RAN4 meetings. In this contribution, the link level simulation results for the PDCCH control channel are provided based on different interference levels and cell IDs configurations. Based on the results, some observations and proposals are given.
2 Link level simulation results of CRS-IC receiver
2.1 Simulation assumptions
The assumption of two interferers has been agreed, however, the corresponding interference levels have no agreement so far. Based on the agreement of 9dB CRE bias, the strongest interference level is about 9dB relative to the serving cell, and the interference level of the 2nd strongest cell has various values under different simulation assumptions. In this contribution, the relative receive powers of the 1st and the 2nd interfering cells to that of the serving cell are assumed as [9, 6] dB and [9, 3] dB. Moreover, both CRS collision and non-collision cases are considered, and cell ID configurations are based on four cases suggested in [3] as shown in Table 1. For CRS collision, both 2 cell CRS-IC and 1 cell CRS-IC are evaluated. For CRS non-collision, CRS puncturing receiver is also evaluated to compare with CRS-IC receiver. 
Table 1: Cell IDs configurations 
	Case #
	Descriptions
	Cell ID (example)

	
	
	S
	SI
	WI

	Case 1
	 [(S,SI), (S,WI), (SI, WI)] = [C, C, C]
	1
	7
	13

	Case 2
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, C]
	1
	2
	8

	Case 3
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, N]
	1
	2
	3

	Case 4
	 [(S,SI), (S,WI), (SI, WI)] = [C, N, N]
	1
	7
	2

	“C”: CRS collision; “N”: CRS non-collision; “S”: Serving cell; 
“SI”: Stronger Interferer; “WI”: Weaker Interferer.


The link level simulation assumptions for PDCCH BLER simulations are given in Table 2. 

Table 2: Link level simulation assumptions for PDCCH BLER
	Parameter
	Serving cell
	Stronger Interferer
	Weaker Interferer

	Bandwidth
	10 MHz

	PDCCH configuration
	DCI Payload: 31 bits Aggregation level: 8
	N/A
	N/A

	Channel configuration
	EVA5, 2x2 Low

	Timing offset
	0
	2.5μs
	2.5μs

	Control region
	3 OFDM symbols
	N/A
	N/A


	ABS configuration
	N/A
	non-MBSFN ABS
	non-MBSFN ABS


2.2 Simulation results
Figures 1 to 8 show the PDCCH BLERs with different cell ID configurations. The acronyms used in these figures are indicated below: 

· “IF”: interferer
· “no IC/Punc”: neither CRS-IC nor CRS puncturing are implemented
· “IC 2 IFs”: CRS-IC cancelling two strongest interferers 
· “IC 1 IF”: CRS-IC cancelling one strongest interferer 
· “Punc 2 IFs”: CRS puncturing of two strongest interferers 
· “Punc 1 IF”: CRS puncturing of one strongest interferer 
· “IC 1 IF, Punc 1 IF”: the 1st strongest interferer is handled by CRS-IC, and the 2nd strongest interferer is handled by CRS puncturing
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Figure 1.  Cell ID configuration: [C C C]; (I1/Es, I2/Es) = (9, 6) dB
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Figure 2.  Cell ID configuration: [N N C]; (I1/Es, I2/Es) = (9, 6) dB
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Figure 3.  Cell ID configuration: [N N N]; (I1/Es, I2/Es) = (9, 6) dB
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Figure 4.  Cell ID configuration: [N C C]; (I1/Es, I2/Es) = (9, 6) dB
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Figure 5.  Cell ID configuration: [C C C]; (I1/Es, I2/Es) = (9, 3) dB
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Figure 6.  Cell ID configuration: [N N C]: (I1/Es, I2/Es) = (9, 3) dB
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Figure 7.  Cell ID configuration: [N N N]; (I1/Es, I2/Es) = (9, 3) dB
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Figure 8.  Cell ID configuration: [N C C]; (I1/Es, I2/Es) = (9, 3) dB
From the above figures, some observations are made as follows:

· When no any interference mitigation technologies are adopted, e.g. CRS-IC and CRS puncturing, the PDCCH performance under two interferers is significantly deteriorated relative to that without any interferers. Furthermore, the deterioration of performance under CRS collision scenario is more severe than that under CRS non-collision scenario.  
· For both CRS collision and non-collision scenarios, CRS-IC receiver can effectively improve the PDCCH performance. The PDCCH performance of CRS-IC receiver with cancelling two interferers is better than that with cancelling one strongest interferer under CRS collision scenario, and the corresponding cost is receiver complexity. 
· Under some scenarios (e.g. serving cell has non-collided CRS with interferer, or low interference level of the weaker interferer), the PDCCH performance improvement of CRS-IC receiver cancelling two interferers relative to that cancelling one interferer is not significant. 
· For CRS non-collision scenario, CRS puncturing receiver can effectively improve the PDCCH performance. Under cell ID configuration [N N C] scenario, CRS puncturing receiver can get almost the same PDCCH performance compared with CRS-IC receiver. However, under cell ID configuration [N N N] scenario, the PDCCH performance of CRS puncturing receiver is worse than CRS-IC receiver. For this scenario, the two interferers have different CRS patterns, hence resource elements used to puncture CRS of interferers are so many that PDCCH demodulation performance improvement diminishes. 
3 Conclusion

In this contribution, we provide the link level simulation results for the PDCCH channel under different cell ID configurations and interference levels. Based on above results and analysis, we have following proposals and observations.
· Proposal 1: RAN4 evaluate over the following cell IDs configurations to identify the most representative case(s) for specifying the associated requirements.
	Case #
	Descriptions
	Cell ID (example)

	
	
	S
	SI
	WI

	Case 1
	 [(S,SI), (S,WI), (SI, WI)] = [C, C, C]
	1
	7
	13

	Case 2
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, C]
	1
	2
	8

	Case 3
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, N]
	1
	2
	3

	Case 4
	 [(S,SI), (S,WI), (SI, WI)] = [C, N, N]
	1
	7
	2

	“C”: CRS collision; “N”: CRS non-collision; “S”: Serving cell; 

“SI”: Stronger Interferer; “WI”: Weaker Interferer.


· Observation 1: Without interference mitigation implemented, the PDCCH performance under two interferers is significantly deteriorated.  

· Observation 2: For both CRS collision and non-collision scenarios, CRS-IC receiver can effectively improve the PDCCH performance. 

· Observation 3: Under some scenarios, the PDCCH performance improvement of CRS-IC receiver cancelling two interferers relative to that cancelling one interferer is not significant. 
· Observation 4: For CRS non-collision scenario, CRS puncturing receiver can effectively improve the PDCCH performance. 
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