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1. Introduction

In RAN4#82 meeting, control channel performance requirements for enhanced CRS-IM were further discussed. According to the agreements, PDCCH test 1, 3 and PHICH test 1, 3 are agreed to investigate the feasibility and ePDCCH test requirements are de-prioritized. In this contribution, we provide the simulation results and proposals for PDCCH and PHICH tests.
2. Discussion
First, the simulation results for PDCCH test 1, 3 and PHICH test 1, 3 are given as below.
· PDCCH simulation results

Table 1 shows the PDCCH test cases to further evaluate the enhanced CRS-IM demodulation requirements.

Table 1: PCFICH/PDCCH test cases

	Physical channel
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	PDCCH
	Scenarios for performance requirements definition

	
	1
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	Scenarios for feasibility analysis

	
	3
	Non Colliding
	4
	4
	4
	4 CRS APs IM + 4 RX CRS IM investigation


The PDCCH simulation assumptions are based on the way forward [1]. And the simulation results are given in figure 1 and figure 2.
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Figure 1 BLER for PDCCH test 1
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Figure 2 BLER for PDCCH test 3
Table 2 gives the SNR at 1% of BLER for PDCCH and the relevant CRS-IM gains.

Table 3 SNR and CRS-IM 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 IRC+IC0
	IRC+IC1 over MRC

	PDCCH test 1
	4x2, 4x2, CFI=2
	14.7
	13.7
	11.5
	1
	2.2
	3.2

	PDCCH test 3
	4x2, 4x2, CFI=2, AL=1
	16.9
	14.8
	13.1
	2.1
	1.7
	3.8

	
	4x2, 4x2, CFI=2, AL=2
	11
	8.6
	6.6
	2.4
	2
	4.4


· PHICH simulation results

Table 3 shows the PHICH test cases to further evaluate the enhanced CRS-IM demodulation requirements. 
Table 2: PHICH test cases
	Physical channel
	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	PHICH
	Scenarios for performance requirements definition

	
	1
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	Scenarios for feasibility analysis

	
	3
	Non Colliding
	4
	4
	4
	4 CRS APs IM + 4 RX CRS IM investigation


The PHICH simulation assumptions are based on the way forward [1]. And the simulation results are given in figure 3 and figure 4.
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Figure 3 BLER for PHICH test 1
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Figure 3 BLER for PHICH test 3
Table 4 gives the SNR at 0.1% of BLER for PHICH and the relevant CRS-IM gains.

Table 3 SNR and CRS-IM 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 IRC+IC0
	IRC+IC1 over MRC

	PHICH test 1
	4x2, 4x2, CFI=3, Extended
	14.6
	14.1
	13.2
	0.5
	0.9
	1.4

	PHICH test 3
	4x4, 4x4, CFI=3, Extended
	12.1
	8.9
	6.5
	3.2
	2.4
	5.6


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

Observation1: For PDCCH and PHICH, CRS-IM can provide the significant performance gain for both test 1 and test 3.
Observation2: For PDCCH test 3, the required SNR at test point for AL=1 is higher and the relevant CRS-IM gain is less compared to AL=2. 

Proposal1: AL=2 is more suitable for PDCCH test requirement.
Additionally, form the aspect of test requirements, enhanced CRS-IM is introduced to investigate the UE capability with 4 CRS ports IM and 4Rx antenna CRS-IM. For control channel demodulation, test 1 and test 3 can just meet these requirements. And test 1 is used to verify 4 CRS ports IM with 2Rx antennas while test 3 is used to verify 4 CRS ports IM with 2Rx antennas. Therefore, introduction of test 3 can define the requirement for 4Rx antenna CRS-IM.
Observation3: The configuration of test 1 is used to verify 4 CRS ports IM while test 3 is used to verify 4 Rx CRS-IM. 

Proposal2: Besides test 1, test 3 can be defined for both PDCCH and PHICH requirements.
3. Conclusion
In this contribution, we provide the simulation results for PDCCH and PHICH demodulation on enhanced CRS-IM. And based on these simulation results, the observations and proposals are given as following:
Observation1: For PDCCH and PHICH, CRS-IM can provide the significant performance gain for both test 1 and test 3.
Observation2: For PDCCH test 3, the required SNR at test point for AL=1 is higher and the relevant CRS-IM gain is less compared to AL=2. 

Observation3: The configuration of test 1 is used to verify 4 CRS ports IM while test 3 is used to verify 4 Rx CRS-IM.

Proposal1: AL=2 is more suitable for PDCCH test requirement.
Proposal2: Besides test 1, test 3 can be defined for both PDCCH and PHICH requirements.
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