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1. Introduction

In RAN4#80bis meeting, the WI of enhanced CRS-IM and SU-MIMO was started. And the initial performance requirements and simulation assumptions for eCRS-IM demodulation are defined in the relevant way forwards [1][2]. In this contribution, we provide the simulation results and proposals for eCRS-IM control channel demodulation to decide the simulation scenarios and receiver structures.
2. Discussion
According to the initial simulation assumptions [2], the proposed control channel test cases are shown in table 1. 
Table 1: Proposed DL Control Channel test cases (initial set)

	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
	2
	4
	4
	4 CRS APs IM investigation

	6
	
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


Based on these test cases, we simulate PDCCH and PHICH demodulation performance for enhanced CRS-IM under different test configurations. The simulation is based on the interference with 100% CCE resource loading. And the simulation results are given as below.
Figure 1 shows BLER performance for PDCCH with different receivers and antenna configurations.
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Figure 1 BLER for PDCCH demodulation

Figure 2 shows BLER performance for PHICH demodulation.
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Figure 2 BLER for PHICH demodulation

Table 2 summarizes the SNR at test points for both PDCCH and PHICH.
Table 2: SNR at test points

	Test case
	Test point (BLER)
	SNR (dB)
	Gain (dB)

(Compared to MRC)

	
	
	MRC
	IRC+IC0
	IRC+IC1
	IRC+IC2
	IRC+IC0
	IRC+IC1
	IRC+IC2

	PDCCH, 4x2, 4x2, non-colliding
	1%
	15.1
	15.1
	14.41
	14.38
	0
	0.69
	0.72

	PDCCH, 2x4, 2x4, non-colliding
	1%
	12.45
	7.9
	7.89
	7.56
	4.55
	4.56
	4.89

	PHICH, 4x2, 4x2, non-colliding
	0.1%
	15.7
	15.3
	14
	14.3
	0.4
	1.7
	1.4

	PHICH, 2x4, 2x4, non-colliding
	0.1%
	13.2
	9.7
	7.7
	8.8
	3.5
	5.5
	4.4


From the simulation results, LMMSE-IRC + CRS-IC receiver can make obvious performance gain compared to MRC. When interference cells load 50% CCE resource, more gain of CRS-IC will be reflected. This means that LMMSE-IRC + CRS-IC can be used as the reference receiver for control channel requirements. Moreover, the minimum requirements of Rel-13 control channel IM have been based on LMMSE-IRC and 2 cells CRS-IC. Then, as the extension of Rel-13 WI, Rel-14 control channel eCRS-IM using the same receiver can keep consistent receiver configuration and simplify application scenarios.

Proposal1: LMMSE-IRC and CRS-IC should be applied as the reference receiver.
In aspect of test case, enhanced CRS-IM considers 4Tx-antenna case and 4Rx-antenna case. Hence, the initial test cases in table 1 should all be included for control channel requirements.    

Proposal2: Test case 1~6 in test set are all considered for eCRS-IM control channel demodulation.
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 propose that:
Proposal1: LMMSE-IRC and CRS-IC should be applied as the reference receiver.
Proposal2: Test case 1~6 in test set are all considered for eCRS-IM control channel demodulation.
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