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1. Introduction

In RAN4#81 meeting, the way forward [1] for enhanced CRS-IM requirements were agreed. And in the way forward [1], the initial test cases and test configurations were defined for control channel demodulation. In this contribution, we provide the simulation results and proposals for these control channel tests.
2. Discussion
Test cases for control channel demodulation are initially defined. And these test cases are given in table 1.

Table 1: Control channel test cases
	Physical channel
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	PDCCH
	1
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	2
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	PHICH
	1
	Non-Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	2
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation

	EPDCCH
	1
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


The following simulation parameters for PDCCH need to be studied.

· PDCCH

· CFI

· Test 1: CFI = 2, 3

· Test 2: CFI = 1, 3

· PDCCH aggregation level 
· Baseline: AL 2
· Other option is not precluded
Through control channel simulation, it is needed to investigate whether gain is coming from LMMSE-IRC or from CRS-IM and CRS-IM gains on top of LMMSE-IRC. 
Based on the above conclusions, we simulate PDCCH and PHICH demodulation performance and give the relevant simulation results as below. Interference level uses I1/Noc = 13.91 dB and I2/Noc = 3.34 dB in simulation.
· PDCCH
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Figure 1 BLER for PDCCH test 1
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Figure 2 BLER for PDCCH test 2

Table 2 shows the SNR at 1% of BLER for PDCCH demodulation and the gain difference between different receivers.
Table 2: SNR and gain at 1% of BLER for PDCCH
	Test case
	Configuration
	SNR (dB)
	Gain (dB)

	
	
	MRC
	IRC+IC0
	IRC+IC1
	IRC+IC0 Over MRC
	IRC+IC1 over MRC
	IRC+IC1 over IRC+IC0

	1
	4x2, 4x2, CFI=2
	14.8
	14.9
	11.9
	-0.1
	2.9
	3.0

	
	4x2, 4x2, CFI=3
	14.1
	14.1
	12.8
	0
	1.3
	1.3

	2
	2x4, 2x4, CFI=1
	11.7
	7.7
	5.1
	4.0
	6.6
	2.6

	
	2x4, 2x4, CFI=3
	10.8
	7.7
	6.6
	3.1
	4.2
	1.1


· PHICH
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Figure 3 BLER for PHICH test 1 and test 2

Table 3 shows the SNR at 0.1% of BLER for PHICH demodulation and the gain difference between different receivers.
Table 3: SNR and gain at 0.1% of BLER for PHICH
	Test case
	Configuration
	SNR (dB)
	Gain (dB)

	
	
	MRC
	IRC+IC0
	IRC+IC1
	IRC+IC0 Over MRC
	IRC+IC1 over MRC
	IRC+IC1 over IRC+IC0

	1
	4x2, 4x2, Extended
	14.9
	15.1
	13.6
	-0.2
	1.3
	1.5

	2
	2x4, 2x4, Normal
	12.1
	8.9
	6.6
	3.2
	5.5
	2.3


Based on PDCCH and PHICH simulation results, it can be observed that:

Observations:

· For all PDCCH and PHICH test cases, CRS-IM receiver shows obvious gain compared to MRC receiver. 

· For test cases with 4Tx and 2Rx, the gain is mainly from CRS-IM and LMMSE-IRC cannot provide performance enhancement.

· For test cases with 2Tx and 4Rx, both CRS-IM and LMMSE-IRC can perform large performance gain.

· For PDCCH test 1, the gain with CFI2 is 1.6dB more than CFI3; For PDCCH test 2, the gain with CFI1 is 2.4dB more than CFI3.

Hence, for PHICH demodulation, the simulation configurations for test 1 and test 2 are feasible. For PDCCH, from the aspect of gain, it can be considered to apply CFI2 for PDCCH test 1 and CFI1 for PDCCH test 2.

Proposal 1: For PDCCH, it can be considered to apply CFI2 for test 1 and CFI1 for test 2.
Proposal 2: For PHICH, the simulation configurations for test 1 and test 2 are feasible.
3. Conclusion
In this contribution, we provide the simulation results for control channel demodulation on enhanced CRS-IM. And according to the simulation results, we give the observations and proposals:
Observations:
· For all PDCCH and PHICH test cases, CRS-IM receiver shows obvious gain compared to MRC receiver. 

· For test cases with 4Tx and 2Rx, the gain is mainly from CRS-IM and LMMSE-IRC cannot provide performance enhancement.

· For test cases with 2Tx and 4Rx, both CRS-IM and LMMSE-IRC can perform large performance gain.

· For PDCCH test 1, the gain with CFI2 is 1.6dB more than CFI3; For PDCCH test 2, the gain with CFI1 is 2.4dB more than CFI3.

Proposal 1: For PDCCH, it can be considered to apply CFI2 for test 1 and CFI1 for test 2.
Proposal 2: For PHICH, the simulation configurations for test 1 and test 2 are feasible.
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