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1. Introduction
In RAN4 #82, there was further discussion on enhanced CRS-IM receiver and WF in [1] and simulation assumption in [2] were agreed. For control channel demodulation test, following agreements were reached. 

PDCCH/PCFICH

· Confirm CRS-IM feasibility and define requirements for TC 1. 
· Deprioritize work for TC2
· Continue studies for additional PDCCH/PCFICH TC3 (investigate both performance and complexity).
PHICH

· Confirm performance gains for PHICH TC 1. FFS if performance requirements need to be introduced. 
· Deprioritize work for TC2
· Continue studies for additional PHICH TC3 (investigate both performance and complexity).
EPDCCH
· Work on the Enhanced CRS-IM performance requirements for EPDCCH is deprioritized
In this contribution, we provide simulation results for agreed tests. We also provide further evaluation results for FFS tests and our view on performance requirements. 

2. Discussion
2.1. PDCCH/PCFICH
Table 1 summarizes PDCCH/PCFICH demodulation test from [2]. 
Table 1. PDCCH/PCFICH demodulation tests for enhanced CRS-IM receiver

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

	
	
	
	
	Serv. cell
	Interf. cell
	

	Scenarios for performance requirements definition

	1
	PDCCH
	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 


Simulation was run for test 1 and 3 with simulation results in figure 1 and 2. Test 1 is for 2 Rx UE with 4 CRS port interference cancellation. Performance gain from CRS-IM is around 2.3dB and we can specify reasonable test point for CRS-IM UE. 

Test 2 is for 4 Rx UE with 4 CRS port interference cancellation. We can observe that
· When aggregation level is 2, UE can achieve 1% BLER at SNR 8dB even without CRS-IM. Considering that INR1 is 13.91dB, UE can provide more than enough gain only by MMSE-IRC operation. 
· When aggregation level is 1, UE can achieve 1% BLER at SNR 14.3dB without CRS-IM and 12.0dB with CRS-IM. 
There is 6.3dB performance difference between AL=1 and AL=2. It seems to be caused by the fact that test was run in EPA5 channel at extremely high code rate. With DCI 2 and AL=1, code rate is R=(43+16)/72=0.8194. 
In order to evaluate operating CINR for reasonable code rate and AL=1, simulation was run with DCI format 1 as shown in figure 3. With DCI format 1, code rate becomes R=(31+16)/72=0.6528. With reduced code rate, UE can achieve 1% BLER at SNR 11.1dB without CRS-IM. We can conclude that, with reasonable code rate and AL=1, 4 Rx UE can achieve 1% BLER at SIR=-2.8dB without CRS-IM. 
Observation 1. For 4 CRS ports and 4 Rx UE case, CRS-IM can be beneficial only when AL=1 is configured with extremely high code rate. 
Proposal 1. Don’t specify PDSCH demodulation test for 4x4 antenna configuration. 
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Figure 1. PDCCH demodulation performance for 2x UE with 4 CRS ports
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Figure 2. PDCCH demodulation performance for 4 Rx UE with 4 CRS ports
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Figure 3. PDCCH demodulation performance for 4 Rx UE with 4 CRS ports (DCI format 1)
2.2. PHICH
PHICH demodulation would benefit from the same MMSE-IRC and CRS-IM operation for PDCCH. Since CRS-IM performance requirements for 4 CRS ports and 4 Rx UE are not necessary for PDCCH, we can draw the same conclusion for PHICH. 
Proposal 2. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 
3. Conclusions

In this contribution, we provided simulation results for agreed tests and further evaluation results for FFS tests. Our proposals are
Proposal 1. Don’t specify PDSCH demodulation test for 4x4 antenna configuration. 

Proposal 2. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 
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