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1. Introduction
In RAN4 #81, 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, tests in table 1 were identified as baseline scenarios. In this contribution, we provide further evaluation results for these tests and our view on performance requirements. 

Table 1. Control channel 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
	

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

	2
	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	3
	PHICH
	Non-Colliding
	2
	4
	4
	4 CRS APs IM investigation

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

	5
	EPDCCH
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


2. Discussion
2.1. PCFICH/PDCCH
Simulation was run for PDCCH based on simulation assumption in [2]. Figure 1 and 2 show simulation results for test 1 and 2 in table 1. 
Test 1 is for 2 Rx UE with 4 CRS port interference cancellation. Performance gain from CRS-IM is less than 1dB for both IRC and MRC receiver. Considering the additional UE complexity and marginal gain from CRS-IM, it does not seem desirable to specify performance requirement for PDCCH CRS-IM for 4 CRS ports. 
Proposal 1. Don’t specify PDCCH demodulation performance requirements for 4 CRS ports CRS-IM receiver. 
Test 2 is for 4 Rx UE with 2 CRS port interference cancellation. We can observe that there is significant performance gain from 4 Rx IRC operation in the first place. On top of that, CRS-IM provides additional gain of around 1.5dB. However, regarding the usefulness of CRS-IM for 4 Rx UE, we would like to point out following. 

· Without CRS-IM, serving cell SNR for 1% PDCCH BLER is 8dB, which is 6dB lower than INR of dominant interference cell. Unless network configures unrealistic handover bias in homogeneous network, 4 Rx UE will be able to decode PDCCH for even without CRS-IM.  
· Performance gain from CRS-IM diminishes when control region of serving cell has 2 or 3 OFDM symbols. We can observe 1.5dB gain when serving cell has 1 OFDM symbol control region. When serving cell has 3 OFDM symbol control region, CRS-IM gain was only 0.2dB as shown in figure 3. 

Observation 1. In homogeneous network, 4 Rx MMSE-IRC UE can decode PDCCH with worst case inter-cell interference. It is not necessary for 4 Rx UE to implement CRS-IM for further PDCCH demodulation performance improvement. 

 Proposal 2. Don’t specify PDCCH demodulation performance requirements for 4 Rx UE. 
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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 2 CRS ports (CFI=1)
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Figure 2. PDCCH demodulation performance for 4 Rx UE with 2 CRS ports (CFI=3)

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 3. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 
2.3. EPDCCH
EPDCCH demodulation would benefit from the same MMSE-IRC and CRS-IM operation for TM9 PDSCH. Since complete suite of tests will be defined for TM9 PDSCH to cover different number of CRS APs (2, 4) and different number of UE receive antennas, verification of TM9 PDSCH demodulation performance would guarantee same performance enhancement for EPDCCH. 
Proposal 4. RAN4 should deprioritize EPDCCH demodulation test in enhanced CRS-IM WI.
3. Conclusions

In this contribution, we provided simulation results for PDCCH based on WF and our view on feasibility of enhanced CRS-IM receiver for control channel. Our proposals are
Observation 1. In homogeneous network, 4 Rx MMSE-IRC UE can decode PDCCH with worst case inter-cell interference. It is not necessary for 4 Rx UE to implement CRS-IM for further PDCCH demodulation performance improvement. 

Proposal 1. Don’t specify PDCCH demodulation performance requirements for 4 CRS ports CRS-IM receiver. 

Proposal 2. Don’t specify PDCCH demodulation performance requirements for 4 Rx UE. 

Proposal 3. Don’t specify PHICH demodulation performance requirements for 4 CRS ports and 4 Rx UE. 

Proposal 4. RAN4 should deprioritize EPDCCH demodulation test in enhanced CRS-IM WI.
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