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1. Introduction

In RAN4#80bis meeting, the WI of enhanced CRS-IM and SU-MIMO was started. In enhanced CRS-IM, the initial performance requirements and simulation assumptions are given in the relevant way forwards [1][2]. And it is proposed to evaluate enhanced CRS-IM demodulation performance to further decide the simulation scenarios and receiver structures. In this contribution, we provide the simulation results and proposals for PDSCH demodulation on enhanced CRS-IM.
2. Discussion
In the way forward [2], the initial PDSCH test cases are proposed as table 1. 
Table 1: Proposed PDSCH 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
	PDSCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Colliding
	2
	2
	4
	Mix CRS APs CRS-IM investigation

	3
	
	Colliding
	2
	4
	2
	

	4
	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation


Based on these test cases, we simulate eCRS-IM PDSCH demodulation performance under different test configurations. Then, the observations and proposals are given. 

CRS colliding and non-colliding
Figure 1 and figure 2 show the throughput performance for TM4 under non-colliding and colliding scenarios.
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Figure 1 Throughput performance under non-colliding case
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Figure 2 Throughput performance under colliding case

Table 2 gives the SNR at 70% of maximum throughput for non-colliding and colliding.

Table 2: SNR at 70% of maximum throughput

	Test case
	SNR (dB)
	Gain (dB)

	
	CRS-IC 0
	CRS-IC 1
	CRS-IC 2
	CRS-IC 1
	CRS-IC 2

	2x4, 2x4, non-colliding
	5.6
	3.8
	3.3
	1.8
	2.3

	4x2, 4x2, non-colliding
	9.7
	7.4
	7.0
	2.3
	2.7

	2x2, 4x2, colliding
	11.3
	9.2
	9.1
	2.1
	2.2

	4x2, 2x2, colliding
	8.3
	7.2
	7.0
	1.1
	1.3


Observation1: CRS-IC performs the gain of more than 2dB in the following test configuration:

· 2x4, 2x4, non-colliding CRS
· 4x2, 4x2, non-colliding CRS
· 2x2, 4x2, colliding CRS
Interference cell ID
Figure 3 shows the throughput performance for non-colliding with cell ID 0/1/128 and 0/1/6.
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Figure 3 Throughput performance for cell ID 0/1/128 and 0/1/6

Table 3 gives the SNR at 70% of maximum throughput for cell ID 0/1/128 and 0/1/6.

Table 3: SNR at 70% of maximum throughput

	Test case
	SNR (dB)
	Gain (dB)

	
	CRS-IC 0
	CRS-IC 1
	CRS-IC 2
	CRS-IC 1
	CRS-IC 2

	2x4, 2x4, 0/1/128
	5.6
	3.8
	3.3
	1.8
	2.3

	2x4, 2x4, 0/1/6
	6.2
	4.6
	4.3
	1.6
	1.9


Observation2: For non-colliding scenarios, cell ID 0/1/128 configuration has larger and more stable CRS-IC gain than cell ID 0/1/6. And the configuration with cell ID 0/1/128 is consistent with Rel-13 CRS-IM WI.
Based on the above simulation results and observations, it is proposed that:

Proposal1: The following test cases can be considered for eCRS-IM PDSCH demodulation:
· 2x4, 2x4, cell ID 0/1/128

· 4x2, 4x2, cell ID 0/1/128

· 2x2, 4x2, cell ID 0/6/1
4 ports CRS-IC

Figure 4 shows the throughput performance for TM4 with 2 ports CRS-IC and 4 ports CRS-IC.
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Figure 4 Throughput for 2 ports CRS-IC and 4 ports CRS-IC

Table 4 gives the SNR at 70% of maximum throughput for 2 ports CRS-IC and 4 ports CRS-IC.

Table 4: SNR at 70% of maximum throughput

	Test case
	SNR (dB)
	Gain (dB)

	
	CRS-IC 0
	CRS-IC 1
	CRS-IC 2
	CRS-IC 1
	CRS-IC 2

	4x2, 4x2, 0/1/128, 

2 ports CRS-IC
	9.7
	8.7
	8.4
	1.0
	1.3

	4x2, 4x2, 0/1/128, 

4 ports CRS-IC
	9.7
	7.4
	7.0
	2.3
	2.7


Observation3: The performance of 4 ports CRS-IC is 1.3~1.4 dB better than 2 ports CRS-IC.

Proposal2: For the interfere with 4 Tx antennas, 4 ports CRS-IC should be applied.
2 cells CRS-IC
Table 5 gives the SNR at 70% of maximum throughput for TM4 demodulation with interference level [10.45 4.6] dB.
Table 5: SNR at 70% TP under interference level [10.45 4.6] dB
	Test case
	SNR (dB)
	Gain (dB)
	Gain (dB) of 

CRS-IC 2 over

CRS-IC 1

	
	CRS-IC 0
	CRS-IC 1
	CRS-IC 2
	CRS-IC 1
	CRS-IC 2
	

	2x4, 2x4, 0/1/128
	5.6
	3.8
	3.3
	1.8
	2.3
	0.5

	2x4, 2x4, 0/1/6
	6.2
	4.6
	4.3
	1.6
	1.9
	0.3

	4x2, 4x2, 0/1/128
	9.7
	7.4
	7.0
	2.3
	2.7
	0.4

	2x2, 4x2, 0/6/1
	11.3
	9.2
	9.1
	2.1
	2.2
	0.1

	4x2, 2x2, 0/6/1
	8.3
	7.2
	7.0
	1.1
	1.3
	0.2


Observation4: Under interference level [10.45, 4.6] dB, the gain of IC 2 cells compared with IC 1 cell is less than 0.5dB for all the test cases.
In Rel-13 CRS-IM WI, due to the weaker second interference, the minimum requirement for PDSCH demodulation is specified based on 1 cell IC according to trade-off of gain and complexity. However, for enhanced CRS-IM, we propose to define 2 cells CRS-IC as the reference receiver. Accordingly, it is needed to re-evaluate the suitable interference level. Further, the higher power of the second interference will cause the larger gain from 2 cells CRS-IC. Thus, from TR36.863, the INR of [13.36, 9.21] dB can be a candidate interference level.
Proposal3: It can be considered to define 2 cells CRS-IC as the reference receiver and re-evaluate the suitable interference level. The INR of [13.36, 9.21] dB can be a candidate interference level.
3. Conclusion
In this contribution, we provide the simulation results for PDSCH demodulation on enhanced CRS-IM. And according to the simulation results, the observations and proposals are given as below:
Observation1: CRS-IC performs the gain of more than 2dB in the following test configuration:

· 2x4, 2x4, non-colliding CRS

· 4x2, 4x2, non-colliding CRS

· 2x2, 4x2, colliding CRS

Observation2: For non-colliding scenarios, cell ID 0/1/128 configuration has larger and more stable CRS-IC gain than cell ID 0/1/6. And the configuration with cell ID 0/1/128 is consistent with Rel-13 CRS-IM WI.

Observation3: The performance of 4 ports CRS-IC is 1.3~1.4 dB better than 2 ports CRS-IC.

Observation4: Under interference level [10.45 4.6] dB, the gain of IC 2 cells compared with IC 1 cell is less than 0.5dB for all the test cases.
Proposal1: The following test cases can be considered for eCRS-IM PDSCH demodulation:

· 2x4, 2x4, cell ID 0/1/128

· 4x2, 4x2, cell ID 0/1/128

· 2x2, 4x2, cell ID 0/6/1
Proposal2: For the interfere with 4 Tx antennas, 4 ports CRS-IC should be applied.
Proposal3: It can be considered to define 2 cells CRS-IC as the reference receiver and re-evaluate the suitable interference level. The INR of [13.36, 9.21] dB can be a candidate interference level.
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