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1. Introduction
In RAN4 #82, there was further discussion on PDSCH demodulation performance of enhanced CRS-IM receiver and WF in [1] and simulation assumption in [2] were agreed. For PDSCH demodulation test, tests 1-4 in table 1 were confirmed as scenario feasible for specifying performance requirements. On the other hand, tests 5-6 is still FFS and test 7 was deprioritized due to limited CRS-IM gain. In this contribution, we provide alignment and impairment results for tests 1-4 and our view on test 5-6. 
Table 1. PDSCH demodulation tests for enhanced CRI-IM receiver

	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Test cases for performance requirements definition

	1
	TM4
	Non Colliding
	2
	4
	4

	2
	TM4
	Non Colliding
	4
	2
	2

	3
	TM9
	Non Colliding
	4
	2
	2

	4
	TM4
	Non Colliding
	4
	4
	4

	Test cases for additional analysis / discussion

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2


2. Discussion

2.1. Simulation results for test 1-4
Simulation was run for tests 1-4 based on simulation assumption in [2]. Figure 1-4 show simulation results for test 1-4. Table 2 shows serving cell SNR to achieve 70% peak throughput. For test 4, MCS was changed from 19 to 21 to achieve reasonable test point. 
Table 2. Serving cell SNR to achieve 70% peak throughput

	SNR (dB)
	Test 1
	Test 2
	Test 3
	Test 4

	alignment results
	10.92
	8.53
	9.96
	7.18

	impairment results
	12.72
	10.53
	11.96
	9.18
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Figure 1. Test 1 (FDD TM4, non-colliding CRS, 4S4I, 2 Rx)
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Figure 2. Test 2 (FDD TM4, non-colliding CRS, 2S2I, 4 Rx)
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Figure 3. Test 3 (FDD TM9, non-colliding CRS, 2S2I, 4 Rx)
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Figure 4. Test 4 (FDD TM4, non-colliding CRS, 4S4I, 4 Rx)

2.2. Feasibility of test 5-6
Test 5 (FDD TM4, colliding CRS, 4S4I, 2 Rx)
Figure 5 shows simulation results for test 5. In case of colliding CRS scenario, performance gain from CRS-IM is only 0.3~0.4dB for both 16QAM and 64QAM. In colliding CRS case, cancellation of neighbor cell CRS only contribute to CRS channel estimation enhancement and gain from it is marginal since CRS channel estimation is already good without CRS-IM. We had similar observation in Rel-13 for CRS-IM for 2 CRS ports. 
In RAN4 #82 meeting, there was a proposal to investigate potential performance improvement by enhancing noise/covariance matrix estimation. For TM4, UE is supposed to estimate noise/covariance matrix from CRS. With colliding CRS interference cell, this leads to pessimistic noise/covariance matrix estimation since CRS of serving cell is always corrupted by CRS of neighbor cell irrespective actual neighbor cell PDSCH loading. When neighbor cell PDSCH is unloaded, UE can improve noise/covariance matrix estimation by using CRS tones after CRS-IM. However, same method would lead to performance degradation when neighbor cell PDSCH is loaded. This implies that optimum noise/covariance matrix estimation under colliding CRS interference condition is dependent on neighbor cell PDSCH loading detection. Neighbor cell PDSCH loading detection is very challenging since it should work under various signal condition in terms of interference cell loading and INR. Furthermore, interference loading is supposed to be varying with per-RB granularity. This seems to imply that noise/covariance matrix estimation with colliding CRS interference requires quite separate UE algorithm than CRS-IM that was scoped for Rel-14 CRS-IM WI. 
Proposal 1. Deprioritize test 5 since CRS-IM provides only marginal gain in colliding CRS interference scenario. 
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Figure 5. Test 5 (FDD TM4, colliding CRS, 4S4I, 2 Rx)

Test 6 (FDD TM4, colliding CRS, 4S2I, 2 Rx)
Figure 6 shows simulation result for test 6. We can observe that performance gain from cancelling dominant colliding CRS interference is marginal while additional cancellation of weak non-colliding interference cell provides around 0.5dB gain. 

There was a proposal to consider optimization of noise/interference covariance estimation so that only CRS port 2/3 of serving cell is used for noise/covariance estimation in this scenario. In our view, such implementation cannot be considered as reference receiver in RAN4 discussion. In most of network scenario, noise/interference covariance estimation based on CRS port 0/1 is more accurate due to higher CRS density. It is not reasonable to take receiver implementation tailored to corner case scenario as reference receiver. 

Proposal 2. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 
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Figure 6. Test 6 (FDD TM4, colliding CRS, 4S2I, 2 Rx)
2.3. Test applicability
When RAN4 introduces additional PDSCH demodulation tests for CRS-IM in Rel-14, we should consider test applicability. In Rel-13, RAN4 specified TM4 and TM9 PDSCH demodulation test for 2 Rx UE in 2 CRS ports scenario. In Rel-14, RAN4 agreed to introduce following tests. 
· TM4 and TM9 tests for 4 Rx UE in 2 CRS ports non-colliding CRS scenario

· TM4 tests for 2 Rx UE in 4 CRS ports non-colliding CRS scenario

· TM4 tests for 4 Rx UE in 4 CRS ports non-colliding CRS scenario

From UE feature point of view, we can consider following UE implementation options. 

· 2 Rx UE with 2 AP CRS-IM support
· 2 Rx UE with 4 AP CRS-IM support
· 4 Rx UE with 2 AP CRS-IM support
· 4 Rx UE with 4 AP CRS-IM support
For UE that fulfills 4 Rx CRS-IM tests, it would be redundant to fulfill 2 Rx CRS-IM tests. Similarly, for UE that fulfills 4 AP CRS-IM tests, it would be redundant to fulfill 2 AP CRS-IM tests. Table 3 shows our proposal for CRS-IM test applicability for different UE implementation. 
Proposal 3. Consider CRS-IM test applicability in table 3. 

Table 3. Test applicability for CRS-IM PDSCH demodulation tests
	scenario
	2 AP serving / 2 AP intf non-colliding CRS
	4 AP serving / 4 AP intf non-colliding CRS

	2 Rx UE with 2 AP CRS-IM support
	TM4, TM9 test with 2x2 antenna configuration
	N/A

	2 Rx UE with 4 AP CRS-IM support
	TM9 with 2x2 antenna configuration
	TM4 test with 4x2 antenna configuration

	4 Rx UE with 2 AP CRS-IM support
	TM4, TM9 with 2x4 antenna configuration
	N/A

	4 Rx UE with 4 AP CRS-IM support
	TM9 with 2x4 antenna configuration
	TM4 test with 4x4 antenna configuration


3. Conclusions

In this contribution, we provided simulation results for PDSCH demodulation tests and our view on performance requirement framework. Our proposals are
Proposal 1. Deprioritize test 5 since CRS-IM provides only marginal gain in colliding CRS interference scenario. 

Proposal 2. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 

Proposal 3. Consider CRS-IM test applicability in table 3. 

Table 3. Test applicability for CRS-IM PDSCH demodulation tests

	scenario
	2 AP serving / 2 AP intf non-colliding CRS
	4 AP serving / 4 AP intf non-colliding CRS

	2 Rx UE with 2 AP CRS-IM support
	TM4, TM9 test with 2x2 antenna configuration
	N/A

	2 Rx UE with 4 AP CRS-IM support
	TM9 with 2x2 antenna configuration
	TM4 test with 4x2 antenna configuration

	4 Rx UE with 2 AP CRS-IM support
	TM4, TM9 with 2x4 antenna configuration
	N/A

	4 Rx UE with 4 AP CRS-IM support
	TM9 with 2x4 antenna configuration
	TM4 test with 4x4 antenna configuration
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