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1. Introduction
As RAN approved a new Rel-14 RAN4 WI [1] “Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE”, RAN4 started discussion for enhanced CRS-IM performance requirements in RAN4 #80bis. As a first step, RAN4 is supposed to investigate performance benefits and feasibility of using CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas. RAN4 agreed a WF [2] and simulation assumption [3] to initiate simulation study. In this contribution, we provide simulation results for PDSCH based on WF and our view on performance benefits and feasibility of enhanced CRS-IM receiver. 

2. Discussion

2.1. Simulation results
In Rel-13, RAN4 specified PDSCH demodulation performance requirements for CRS-IM receiver. RAN4 work for CRS-IM receiver targeted for PDSCH demodulation performance improvement in the presence of lightly loaded non-colliding CRS interference cell. As the outcome of WI, RAN4 introduced following PDSCH demodulation test. 
· TM4 PDSCH demodulation test in with 2 non-colliding CRS interference cell
· TM9 PDSCH demodulation test with 2 non-colliding CRS interference cell

Note that all tests are defined for 2x2 antenna configuration. Main objective of Rel-14 enhanced CRS-IM WI is to evaluate CRS-IM performance in scenarios with different number of CRS antenna ports. In order to achieve the objective, it was agreed in [3] to evaluate scenarios listed in table 1 for PDSCH demodulation performance. 

Test 1: 4 serving cell CRS AP and 4 interference cell CRS AP with 2 Rx antenna
Simulation was run for TM4 PDSCH demodulation performance in the presence of two non-colliding CRS interference cells. Cell IDs for serving and interference cells are 0/1/128.  For receiver implementation, we considered only full complexity 4 ports CRS processing in our simulation. Figure 1 shows simulation results. For comparison, simulation results for Rel-13 test case with 2 CRS AP for serving and interference cells is also provided. 
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
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Figure 1. TM4 PDSCH demodulation performance for test 1
From the simulation results, we can observe that that CRS-IM provides larger gain in 4 CRS port scenario than in 2 CRS port scenario and cancellation of both strong and weak interference cell provides marginal gain relative to the case with only strong interference cell cancellation. 
Proposal 1. Consider specifying TM4 PDSCH demodulation performance with 4 CRS ports serving cell and 4 CRS ports non-colliding CRS interference cell. 
Test 2: 2 serving cell CRS AP and 4 interference cell CRS AP with 2 Rx antenna
Simulation was run for TM4 PDSCH demodulation performance in the presence of strong colliding CRS interference cell and weak non-colliding CRS interference cell. Cell IDs for serving and interference cells are 0/6/1.  Figure 2 shows simulation result. For 1 cell CRS-IM, we can observe around 1.5dB gain. The gain is mainly coming from cancellation of CRS port 2/3 that hits data tones of serving cell. Cancellation of weaker non-colliding CRS interference provides additional 0.5dB gain.
RAN4 needs to consider whether mixed CRS port deployment is generic scenario or corner case. When existing 2 CRS port LTE network is upgraded to 4 CRS port network, upgrade will usually happen for the whole geographic area. UE will observe mixed CRS port interference only on boundary of two geographic area. RAN4 should collect input from operators regarding typical network deployment scenario for mixed 2 CRS port and 4 CRS port case. 

Proposal 2. RAN4 should have further investigation on performance gain and deployment scenario regarding 2 CRS port serving cell and 4 CRS port interference cell case.
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Figure 2. TM4 PDSCH demodulation performance for test 2
Test 3: 4 serving cell CRS AP and 2 interference cell CRS AP with 2 Rx antenna
Simulation was run for TM4 PDSCH demodulation performance in the presence of strong colliding CRS interference cell and weak non-colliding CRS interference cell. Cell IDs for serving and interference cells are 0/6/1.  Figure 3 shows simulation result. 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. 
In RAN4 #80bis discussion, there was a proposal to consider optimization of noise/interference covariance matrix estimation so that only CRS port 2/3 of serving cell is used for noise/covariance matrix 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 matrix 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 3. Deprioritize 4 CRS port serving cell and 2 CRS port interference cell case with colliding CRS configuration.
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Figure 3. TM4 PDSCH demodulation performance for test 3

Test 4: 2 serving cell CRS AP and 2 interference cell CRS AP with 4 Rx antenna
Simulation was run for TM4 and TM9 PDSCH demodulation performance in the presence of two non-colliding CRS interference cells. Cell IDs for serving and interference cells are 0/1/128. The test configuration is same as Rel-13 CRS-IM tests except that 4 Rx UE is considered instead of 2 Rx UE. In the simulation, MCS was chanted from 16 to 20 for TM4 and from 14 to 18 for TM9 to obtain similar SINR point as Rel-13 test. Figure 4 shows simulation results. We can observe that 4 Rx UE with CRS-IM can provide similar gain as 2 Rx UE with CRS-IM over baseline MMSE-IRC receiver. 
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Figure 4. PDSCH demodulation performance for test 4
Proposal 4. Consider specifying TM4 and TM9 PDSCH demodulation performance test for 4 Rx UE with 2 CRS ports non-colliding CRS interference case. 

2.2. Test applicability
When RAN4 introduces additional PDSCH demodulation tests for CRS-IM in Rel-14, we should consider test applicability. Table 2 shows our view on potential test applicability discussion. 
In Rel-13, RAN4 specified TM4 and TM9 PDSCH demodulation test for 2 Rx UE in 2 CRS ports scenario. For type 2 4 Rx UE that does not have 2 Rx carrier, RAN4 decided not to apply CRS-IM performance requirements. In Rel-14, RAN4 should introduce following tests to have complete test coverage. 
· 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

It is FFS whether RAN4 should specify tests for 2 CRS ports serving and 4 CRS ports colliding CRS interference cell. 
Proposal 5. For 4 CRS ports non-colliding CRS case, consider introducing tests for both 2 Rx and 4 Rx UE. 
It is not clear at this moment whether we will have separate capability for 2 CRS ports CRS-IM and 4 CRS ports CRS-IM.  Test applicability in table 2 is assuming that there would be separate capability. Test applicability proposed in table 2 is based on following principle. 
· When UE fulfills 4 Rx CRS-IM tests, 2 Rx CRS-IM tests can be skipped. 

· When UE fulfills TM4 test for 4 CRS ports, TM4 test for 2 CRS ports can be skipped. 
Proposal 6. RAN4 should investigate test applicability for PDSCH demodulation tests for CRS-IM UE. 
Table 2. Test applicability for CRS-IM PDSCH demodulation tests
	scenario
	2 AP serving / 2 AP interference non-colliding CRS
	2 AP serving / 4 AP interference colliding CRS
	4 AP serving / 4 AP interference non-colliding CRS

	2 Rx test
	TM4, TM9 (Rel-13)
	FFS
	TM4 (Rel-14)

	4 Rx test
	TM4, TM9 (Rel-14)
	FFS
	TM4 (Rel-14)

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

	2 Rx UE with 4 AP CRS-IM support
	TM9 2 Rx test
	FFS
	TM4 2 Rx test

	4 Rx UE with 2 AP CRS-IM support
	TM4, TM9 4 Rx test
	FFS
	N/A

	4 Rx UE with 4 AP CRS-IM support
	TM9 4 Rx test
	FFS
	TM4 4 Rx test


3. Conclusions

In this contribution, we provide simulation results for PDSCH demodulation tests and our view on performance benefits and feasibility of enhanced CRS-IM receiver. Our proposals are
Proposal 1. Consider specifying TM4 PDSCH demodulation performance with 4 CRS ports serving cell and 4 CRS ports non-colliding CRS interference cell. 

Proposal 2. RAN4 should have further investigation on performance gain and deployment scenario regarding 2 CRS port serving cell and 4 CRS port interference cell case.

Proposal 3. Deprioritize 4 CRS port serving cell and 2 CRS port interference cell case with colliding CRS configuration.

Proposal 4. Consider specifying TM4 and TM9 PDSCH demodulation performance test for 4 Rx UE with 2 CRS ports non-colliding CRS interference case. 

Proposal 5. For 4 CRS ports non-colliding CRS case, consider introducing tests for both 2 Rx and 4 Rx UE. 

Proposal 6. RAN4 should investigate test applicability for PDSCH demodulation tests for CRS-IM UE. 
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