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[bookmark: _Ref298777854]Introduction
In RAN4#74 meeting, one WF paper about CRS-IM was approved [1]. One open issue is about the control channel.  In this paper, we provide some analysis on the PDCCH performance with CRS-IM. 
Consideration on simulation setup for control channel
PDCCH/PCFICH
In Table 1, the link level simulation parameters are provided. Most of the parameters reuse FeICIC setup except the interference profile and cell ID configuration. Here, non-colliding CRS is configured. Link level results are provided in Figure 1 and Figure 2. From Figure 1 and Figure 2, we can see that with INR1=1.34 dB and INR2=-0.73 dB, the gain is about 1.5 dB. When INR1=9.7 dB and INR2 = 3.7 dB, the gain is about 6 dB. 
[bookmark: _Ref416738937]Table 1: Test Parameters for PDCCH/PCFICH – Non-MBSFN ABS
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
	PDCCH_RA
PHICH_RA 
OCNG_RA
	dB
	-3
	-3
	-3

	
	PCFICH_RB
PDCCH_RB
PHICH_RB 
OCNG_RB
	dB
	-3
	-3
	-3

	[image: ]at antenna port
	
	dBm/15kHz
	-98
	N/A
	N/A
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	dB
	Reference Value in Table 8.4.1.2.4-2
	TBD 
	TBD

	BWChannel
	MHz
	10
	10
	10

	Subframe Configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time Offset between Cells
	s
	N/A
	3
	-1

	Frequency shift between Cells
	Hz
	N/A
	300
	-100

	Cell Id
	
	0
	128
	1

	Number of control OFDM symbols
	
	2
	Note 7
	Note 7

	Number of PHICH groups (Ng)
	
	1
	N/A
	N/A

	PHICH duration
	
	Normal
	N/A
	N/A

	Unused RE-s and PRB-s
	
	OCNG
	OCNG
	OCNG

	Cyclic prefix
	
	Normal
	Normal
	Normal

	Note 8:	The number of the CRS ports in Cell1, Cell2 and Cell 3 is the same.
Note 9:	SIB-1 will not be transmitted in Cell2 and Cell 3 in the test.



From implementation point of view, CRS-IC has been implemented in FeICIC. There is not too much efforts to apply the corresponding implementation to homogenous case. 
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[bookmark: _Ref416741219]Figure 1: PDCCH performance with INR1=1.34 dB and INR2=-0.73 dB
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[bookmark: _Ref416741227]Figure 2: PDCCH performance with INR1=9.7 dB and INR2=3.7 dB
Note: For other PDCCH load, results will be added. 

PHICH
In Table 2, the link level simulation parameters are provided. Most of the parameters reuse FeICIC setup except the interference profile and cell ID configuration. Here, non-colliding CRS is configured. Link level results are provided in Figure 3 and Figure 4. From Figure 3 and Figure 4, we can see that with INR1=1.34 dB and INR2=-0.73 dB, the gain is about 2 dB. When INR1=9.7 dB and INR2 = 3.7 dB, the gain is about 7dB.
[bookmark: _Ref416741491]Table 2: Test Parameters for PHICH
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
	PDCCH_RA
PHICH_RA 
OCNG_RA
	dB
	-3
	-3
	-3

	
	PCFICH_RB
PDCCH_RB
PHICH_RB 
OCNG_RB
	dB
	-3
	-3
	-3

	[image: ]at antenna port
	
	dBm/15kHz
	-98 (Note 1)
	N/A
	N/A

	[image: ]
	dB
	Reference Value in Table 8.5.1.2.4-2
	TBD
	TBD

	BWChannel
	MHz
	10
	10
	10

	Subframe Configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time Offset between Cells
	s
	N/A
	3
	-1

	Frequency shift between Cells
	Hz
	N/A
	300
	-100

	Cell Id
	
	0
	128
	1

	PDCCH Content
	
	UL Grant should be included with the proper information aligned with A.3.6.
	N/A
	N/A

	Number of control OFDM symbols
	
	2
	Note 7
	Note 7

	Number of PHICH groups (Ng)
	
	1
	N/A
	N/A

	PHICH duration
	
	Normal
	N/A
	N/A

	Unused RE-s and PRB-s
	
	OCNG
	OCNG
	OCNG

	Cyclic prefix
	
	Normal
	Normal
	Normal

	Note 8:	The number of the CRS ports in Cell 1, Cell 2 and Cell 3 is the same.
Note 9:	SIB-1 will not be transmitted in Cell 2 and Cell 3 in the test.
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[bookmark: _Ref416741516]Figure 3: PHICH performance with INR1=1.34 dB and INR2=-0.73 dB
[image: ]
[bookmark: _Ref416741519]Figure 4: PDCCH performance with INR1=9.7 dB and INR2=3.7 dB
[bookmark: _GoBack]Note: For other PDCCH load, results will be added. 
Conclusion
In this paper, link level simulation results are provided for control channel with/without CRS-IC. We hope the group can consider these results for the decision of control channel test setup. 
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