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1 Introduction
Last RAN4 meeting, WFs on simulation assumptions for PDSCH and DL control channel performance evaluation for enhanced CRS-IM were agreed [1][2]. In this contribution, we provide simulation results for control channels.

2 Simulation results
Evaluation scenarios were agreed for control channels performances for enhanced CRS-IM.
Table 1 Test cases for PDCCH/PCFICH
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	CFI
	PDCCH AL

	
	
	
	Serv. cell
	Interf. cell
	
	

	1
	Non Colliding
	2
	4
	4
	2, 3
	2

	2
	Non Colliding
	4
	2
	2
	1, 3
	2


Table 2 Test cases for PHICH
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	CFI
	PHICH Duration

	
	
	
	Serv. cell
	Interf. cell
	
	

	1
	Non Colliding
	2
	4
	4
	3
	Extended

	2
	Non Colliding
	4
	2
	2
	1
	Normal


PDCCH/PCFICH
Figure 1 shows simulation results for PDCCH performance based on Table 1 and Table 3.
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Figure 1 PDCCH performance for 4X2 antenna configuration
· Observation 1: For 4X2 antenna configuration, enhanced CRS-IM receiver provides over 2dB performance gain in comparison with MRC and MMSE-IRC receivers. 
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Figure 2 PDCCH performance for 2X4 antenna configuration
· Observation 2: For CFI = 1, the performance gain for CRS-IM receiver has about 2.5dB and 5.4dB in comparison with MRS and MMSE-IRC receivers, respectively.
· Observation 3: For CFI = 1, MMSE-IRC receiver provides about 2.5dB performance gain comparing MRC receiver.

· Observation 4: For CFI = 3, there is 2dB performance improvement by CRS-IM receiver comparing MRC receiver. However, the performance gap between CRS-IM and MMSE-IRC is insignificant. 

From above observations, to define performance requirement for PDCCH, 

· Proposal 1: Consider CFI = 2 and CFI=1 to define performance requirement for PDCCH/PCFICH under 4X2 and 2X4 antenna configuration, respectively.
· Proposal 2: Need to discuss whether performance requirement for MMSE-IRC receiver without CRS-IC is considered or not.

PHICH

Figure 2 shows simulation results for PHICH performance based on Table 2 and Table 4.
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Figure 3 PHICH performance for 4X2 and 2X4 antenna configurations
· Observation 5: For 4X2 antenna configuration, CRS-IM receiver can achieve 2dB performance gain in comparison with MRC receiver, but performance difference between CRS-IM and MMSE-IRC receivers is lees then 1.5dB. 

· Observation 6: For 2X4 antenna configuration, CRS-IM receiver provides testable performance gain. 
From above observations, to define PHICH performance requirement, 

· Proposal 3: Consider Table 2 scenarios to define performance requirement for PHICH, and need further discussion on how to distinguish MMSE-IRC receiver performance. 
3 Conclusion 
In this contribution, we provide simulation results for control channels of enhanced CRS-IM based on agreed scenarios and simulation assumptions, and based on simulation results, we observed
PDCCH/PCFICH
For 4X2 antenna configuration, 
· Observation 1: For 4X2 antenna configuration, enhanced CRS-IM receiver provides over 2dB performance gain in comparison with MRC and MMSE-IRC receivers. 

For 2X4 antenna configuration

· Observation 2: For CFI = 1, the performance gain for CRS-IM receiver has about 2.5dB and 5.4dB in comparison with MRS and MMSE-IRC receivers, respectively.

· Observation 3: For CFI = 1, MMSE-IRC receiver provides about 2.5dB performance gain comparing MRC receiver.

· Observation 4: For CFI = 3, there is 2dB performance improvement by CRS-IM receiver comparing MRC receiver. However, the performance gap between CRS-IM and MMSE-IRC is insignificant. 

PHICH

· Observation 5: For 4X2 antenna configuration, CRS-IM receiver can achieve 2dB performance gain in comparison with MRC receiver, but performance difference between CRS-IM and MMSE-IRC receivers is lees then 1.5dB. 

· Observation 6: For 2X4 antenna configuration, CRS-IM receiver provides testable performance gain. 

Based on observations, we propose
PDCCH/PCFICH
· Proposal 1: Consider CFI = 2 and CFI=1 to define performance requirement for PDCCH/PCFICH under 4X2 and 2X4 antenna configuration, respectively.

PHICH
· Proposal 2: Need to discuss whether performance requirement for MMSE-IRC receiver without CRS-IC is considered or not.

· Proposal 3: Consider Table 2 scenarios to define performance requirement for PHICH, and need further discussion on how to distinguish MMSE-IRC receiver performance. 
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5 Appendix
Table 3 PDCCH/PCFICH simulation assumptions
	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

	Interference power profile
	Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	PHICH duration
	Normal

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	PDCCH/PCFICH/PHICH parameters
	PHICH Ng = 1/6

Test #1: PDCCH AL = 2; CFI = 2,3
Test #2: PDCCH AL = 2; CFI = 1,3

	Receivers
	Baseline: LMMSE-MRC.

Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.


Table 4 PHICH simulation assumptions
	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

	Interference power profile
	Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	PHICH duration
	· Test #1: Extended

· Test #2: Normal

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	PDCCH/PCFICH/PHICH parameters
	PHICH Ng = 1,  FRC: R.19 in the TS 36.101

Test #1: CFI = 3

Test #2: CFI = 1

	Receivers
	Baseline: LMMSE-MRC.

Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.


