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1. Introduction
In RAN4 #81, 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 in table 1 were identified as baseline scenarios and additional scenarios for further analysis. In this contribution, we provide further evaluation results for these tests and our view on performance requirement framework. 
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

	Baseline scenarios

	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

	Additional scenarios for analysis

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2

	7
	TM4
	Colliding
	2
	2
	4


2. Discussion

2.1. Simulation results for baseline scenario
Simulation was run for baseline scenarios based on simulation assumption in [2]. Figure 1-4 show simulation results for test 1-4. 
Test 1 (FDD TM4, non-colliding CRS, 4S4I, 2 Rx)
For test 1, we can observe more than 3dB gain from CRS-IM for both 16QAM and 64QAM case. It seems that further tuning of MCS might be necessary to find appropriate CINR test point. 
Proposal 1. Select test 1 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point. 
Test 2 (FDD TM4, non-colliding CRS, 2S2I, 4 Rx)
For test 2, we can observe around 2dB gain with CRS-IM. 64QAM seems to be appropriate since it can provide serving cell CINR test point that is slightly higher than dominant interference cell. 
Proposal 2. Select test 2 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in CRS TM. 
Test 3 (FDD TM9, non-colliding CRS, 2S2I, 4 Rx)

For test 3, we can observe around 2dB gain with CRS-IM. 64QAM seems to be appropriate since it can provide serving cell CINR test point that is slightly higher than dominant interference cell. 

Proposal 3. Select test 3 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in DM-RS TM
Test 4 (FDD TM4, non-colliding CRS, 4S4I, 4 Rx)

For test 4, we can observe more than 3dB gain from CRS-IM for both 16QAM and 64QAM case. It seems that further tuning of MCS might be necessary to find appropriate CINR test point. For test 4, we prefer test set up with one interference cell to avoid extreme fader complexity. 
Proposal 4. Select test 4 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point.  

Proposal 5. For test 4, consider test set up with one interference cell. 
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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. Simulation results for additional scenario
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. 
Proposal 6. 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 7. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 
[image: image11.emf]-5 0 5 10 15 20 25

SNR (dB)

0

2

4

6

8

10

12

14

P

D

S

C

H

 

T

h

r

o

u

g

h

p

u

t

 

M

b

p

s

FDD TM4, colliding, 16QAM 1/2, 4S2I, 2Rx

0 cell CRS-IM

1 cell CRS-IM

2 cell CRS-IM


Figure 6. Test 6 (FDD TM4, colliding CRS, 4S2I, 2 Rx)
Test 7 (FDD TM4, colliding CRS, 2S4I, 2 Rx)
Figure 7 shows simulation result for test 7. 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. 

Furthermore, from UE implementation point of view, CRS-IM for 4 CRS port interference cell is already covered by test 1. From test coverage point of view, test 7 can be considered as redundant test. 
Proposal 8. Deprioritize test 7 since deployment scenario is not generic and test 1 can provide test coverage for this scenario. 
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Figure 7. Test 7 (FDD TM4, colliding CRS, 2S4I, 2 Rx)
2.3. Test applicability and capability consideration
When RAN4 introduces additional PDSCH demodulation tests for CRS-IM in Rel-14, we should consider test applicability and UE capability. In Rel-13, RAN4 specified TM4 and TM9 PDSCH demodulation test for 2 Rx UE in 2 CRS ports scenario. In Rel-14, we proposed to 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

From UE capability 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 2 shows our proposal for CRS-IM test applicability for different UE implementation. 
Proposal 8. Consider CRS-IM test applicability in table 2. 

In Rel-13, RAN4 specified CRS-IM capability for 2 Rx UE with 2 AP CRS-IM support. In Rel-14, RAN4 is supposed to consider 3 additional CRS-IM implementation. Considering that CRS-IM support for different antenna configuration has direct impact on receiver implementation complexity, we would like to specify separate CRS-IM capability for different antenna configuration. We may consider collapsing capability for 2 Rx UE with 4 AP CRS-IM support and 4 Rx UE with 2 AP CRS-IM support since they seem to require similar implementation complexity. 
Proposal 9. Consider separate CRS-IM capability for Rel-14 CRS-IM UE. 

· 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
Table 2. 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 2 Rx test
	N/A

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

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

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


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. Select test 1 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point. 

Proposal 2. Select test 2 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in CRS TM. 

Proposal 3. Select test 3 with 64QAM as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM in DM-RS TM

Proposal 4. Select test 4 as PDSCH demodulation test for enhanced CRS-IM receiver UE to verify 4 Rx CRS-IM for 4 CRS ports. Consider revising MCS to find appropriate CINR test point.  

Proposal 5. For test 4, consider test set up with one interference cell. 

Proposal 6. Deprioritize test 5 since CRS-IM provides only marginal gain in colliding CRS interference scenario. 

Proposal 7. Deprioritize test 6 since noise/covariance estimation using CRS port 2/3 cannot be considered as reference receiver. 

Proposal 8. Deprioritize test 7 since deployment scenario is not generic and test 1 can provide test coverage for this case. 

Proposal 8. Consider CRS-IM test applicability in table 2. 

Table 2. 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 2 Rx test
	N/A

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

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

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


Proposal 10. Consider separate CRS-IM capability for Rel-14 CRS-IM UE. 

· 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
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