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1 Introduction
Last RAN4 meeting, WFs on simulation assumptions and receiver structure for enhanced CRS-IM performance evaluation were agreed [1][2]. In general, two physical channels were considered with priority as follows:
· First priority : PDSCH with LMMSE-IRC receiver + CRS-IM
· Second priority :DL control channel with Type A CCIM receiver
In this contribution, according to prioritization of physical channels, we provide our views on performance requirement scenarios and initial simulation results for PDSCH.

2 Discussion
Several evaluation scenarios were considered as follows:
Table 1 Performance evaluation scenarios for enhanced CRS-IM [1]
	Scenario
	Serv. Cell
	Interf. Cell
	# of UE RX chains
	Description

	Scenario #1
(2RX + 4/4 CRS)
	4
	4
	2
	2 RX antennas UEs with 4 CRS APs in the serving and interference cells.

	Scenario #2
(2RX + 2/4 CRS)
	2
	4
	2
	2 RX antennas UEs with mix of 2/4 CRS APs in the serving and interference cells.

	Scenario #3
(2RX + 4/2 CRS)
	4
	2
	2
	2 RX antennas UEs with mix of 4/2 CRS APs in the serving and interference cells.

	Scenario #4
(4RX + 2/2 CRS)
	2
	2
	4
	4 RX antennas UEs with 2 CRS APs in the serving and interference cells.

	Scenario #5
(4RX + 4/4 CRS)
	4
	4
	4
	4 RX antennas UEs with 4 CRS APs in the serving and interference cells.

	Scenario #6
(4RX + 2/4 CRS)
	4
	2
	4
	4 RX antennas UEs with mix of 2/4 CRS APs in the serving and interference cells.

	Scenario #7
(4RX + 4/2 CRS)
	2
	4
	4
	4 RX antennas UEs with mix of 4/2 CRS APs in the serving and interference cells.


For mixed 2 and 4 CRS ports scenarios, there is no big technical issue if UE supports 2 and 4 CRS antenna ports for CRS-IC. Therefore, in this contribution, we focus on Scenario #1, 4, and 5 for performance evaluations. For CRS-IM receiver, all 4 CRS antenna ports are cancelled for 4 CRS antenna port interfering cells. The number of cancelled interference cell is two. 
Network deployment
In WF [1], non-colliding CRS scenarios were considered with first priority, and two cell ID patterns were discussed in last meeting.

· Option 1: 0 / 1 / 6

· Option 2: 0 / 1 / 128

Option 1 is that one colliding CRS and one non-colliding CRS for interfering cell, and option 2 is that both interfering cells are non-colliding CRS network scenarios. In Rel-13 CRS-IM WI, similar issues were discussed, and option 2 cell ID pattern was used for performance requirement. Even though the number of Tx and Rx antenna is extended up to 4, the conditions expecting performance gain by CRS-IM is similar. And this issue is related the number of cancelled interference cells. For option 1, it is difficult to discriminate performance difference between one cell and 2 cells CRS-IC as shown in Figure 1. However, for option 2 cell ID pattern, depending on resource utilization for interference cell and antenna configuration, 1.5~2dB performance difference between one cell and two cells CRS-IC is observed as shown in Table 2 and Table 3.
· Proposal 1: focus non-colliding CRS network scenarios with option 2 cell ID pattern.
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Figure 1 throughput performance according to Cell ID pattern
Interference condition

The performance improvement for CRS-IC compared with no CRSIC depends on interference power and resource utilization. As observed in Rel-13 CRS-IM WI, performance gain for CRS-IM is large when resource utilization for interference cells is low. For 20% resource utilization which was used in Rel-13 CRS-IM performance requirement, CRS-IC has reasonable performance gain could be achieved in comparison with baseline receiver (no CRS-IC) under all antenna configurations. However, performance gap between one cell and two cells CRS-IC is less than 1dB. If two cell CRS-IC is mandated, it should be able to discriminate performance difference between one cell and two cells CRS-IC. The performance gap between one cell and two cells CRS-IC for 10% resource utilization is about 1.5~2dB as shown in Figure 2 and Figure 3, and performance gains are summarized in Table 2 and Table 3. Therefore, 10% resource utilization which could be distinguished between one cell and two cells CRS-IC performance should be used for performance requirement. 
· Proposal 2: Consider 10% resource utilization with INR=[11.75 5.69] of interference cells for performance requirement 
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Figure 2 Throughput performance according to the number of interfering CRS-IC under TM4
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Figure 3 Throughput performance according to the number of interfering CRS-IC under TM9
Table 2 CRS-IC SNR gain [dB] based on no CRS-IC at 70% throughput under TM4
	Tx
	Rx
	RU / INR
	CID
	1 cell CRS-IC
	2 cells CRS-IC

	4
	2
	20

[10.45 4.6]
	[0 1 128]
	2.82
	3.28

	2
	4
	
	
	2.28
	3.03

	4
	4
	
	
	2.71
	3.99

	4
	2
	
	[0 1 6]
	3.01
	3.39

	2
	4
	
	
	2.67
	3.39

	4
	4
	
	
	3.35
	4.07

	4
	2
	10

[11.75 5.69]
	[0 1 128]
	3.65
	5.31

	2
	4
	
	
	2.95
	4.34

	4
	4
	
	
	3.75
	5.81

	4
	2
	
	[0 1 6]
	4.87
	6.17

	2
	4
	
	
	4.34
	5.15

	4
	4
	
	
	5.05
	6.42


Table 3 CRS-IC SNR gain [dB] based on no CRS-IC at 70% throughput under TM9
	Tx
	Rx
	RU / INR
	CID
	1 cell CRS-IC
	2 cells CRS-IC

	4
	2
	20

[10.45 4.6]
	[0 1 128]
	2.45
	3.12

	2
	4
	
	
	1.63
	1.95

	4
	4
	
	
	2.19
	2.61

	4
	2
	
	[0 1 6]
	2.63
	2.88

	2
	4
	
	
	1.96
	1.99

	4
	4
	
	
	2.23
	2.45

	4
	2
	10

[11.75 5.69]
	[0 1 128]
	3.63
	5.30

	2
	4
	
	
	3.03
	4.16

	4
	4
	
	
	3.64
	5.43

	4
	2
	
	[0 1 6]
	4.51
	5.35

	2
	4
	
	
	4.31
	4.36

	4
	4
	
	
	4.63
	5.07


The number of cancellation interference cells

In Rel-13 CRS-IM SI phase, it observed that the number of dominant interfering cells were two by system level evaluation, and according to initial performance evaluations depending on antenna configurations, the two cells CRS-IC operation could be achieved high performance gain rather than one cell CRS-IC operation. Therefore, enhanced CRS-IM receiver should be able to cancel CRS at least two aggressor cells.
· Proposal 3: cancel CRS at least two aggressor cells for enhanced CRS-IM receiver
Test scenarios for performance requirements
Considering with proposal 1~3, the test case for performance requirements could be considered as follows:
· TM4: scenario #1, #,4, #5

· TM9: scenario #4
Table 4 Test case for performance requirements for enhanced CRS-IM
	Test case
	Transmission mode
	Tx
	Rx
	RU / INR
	CID
	# of cancelled interference cells
	Other parameters

	1
	TM4
	4
	2
	10

[11.75 5.69]
	[0 1 128]
	2
	Refer Table 5

	2
	TM4 / TM9
	2
	4
	
	
	
	

	3
	TM4
	4
	4
	
	
	
	


3 Conclusion 
In this contribution, we provide our views on performance requirement scenarios and initial simulation results for PDSCH, and propose
· Proposal 1: focus non-colliding CRS network scenarios with option 2 cell ID pattern.

· Proposal 2: Consider 10% resource utilization with INR=[11.75 5.69] of interference cells for performance requirement
· Proposal 3: cancel CRS at least two aggressor cells for enhanced CRS-IM receiver
Based on proposals, the test case for performance requirements for enhanced CRS-IM could be considered as following table.

	Test case
	Transmission mode
	Tx
	Rx
	RU / INR
	CID
	# of cancelled interference cells
	Other parameters

	1
	TM4
	4
	2
	10

[11.75 5.69]
	[0 1 128]
	2
	Refer Table 5

	2
	TM4 / TM9
	2
	4
	
	
	
	

	3
	TM4
	4
	4
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5 Appendix
Table 5 Simulation parameters for initial performance evaluation
	Parameter
	Value

	Duplexing
	FDD

	System bandwidth
	10MHz

	Channel model
	EPA-5Hz for all links

	Tx EVM
	6%

	Cell ID pattern
	Non-colliding CRS: 

    Option 1: 0/1/6

    Option 2: 0/1/128

	Interference power profile
	[10.45 4.6]dB for 20RU
[11.75 5.69]dB for 10RU

	Time offset between cells
	Cell 1: [3]µs, Cell 2: [-1] µs

	Frequency offset between cells 
	Cell 1: [300] Hz, Cell 2: [-100] Hz

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission modes
	TM4, TM9

	Transmission parameters
	PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

50 PRB resource allocation

TM4: Random wideband PMI with per TTI granularity

TM9: Random PMI with 1 PRG / 1 TTI granularity

Rank + MCS: Rank 1 16QAM ½ as the starting point

	Interference signal transmission parameters
	Rel-13 CRS-IM interference model (B.5.4)

Interference loading: 20% / 10%
80%/20% rank 1/2 probability

	Receivers
	Baseline: LMMSE-IRC

Enhanced reference receiver structures: LMMSE-IRC + CRS-IM

    Enhanced reference receiver for 4 CRS APs

Receiver #1: Full complexity four ports CRS-IM processing 


