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1 Introduction

In RAN4 e-mail reflector, following test case for 4RxAP demodulation were proposed;
Table 1‑1 Test scenarios for 4Rx APs
	
	Based on
	Receiver
	Antenna configs
	# of Layers
	Propagation Channel
	# of interference cells

	TM2
	8.2.1.2.1  Test 1
	MMSE
	2x4
	
	EVA5
	N/A

	TM3
	8.2.1.3.1 Test 1
	MMSE
	2x4
	2
	EVA70
	N/A

	
	
	
	
	
	
	

	TM4
	8.2.1.4.3 Test 1
	MMSE
	4x4
	2
	EPA5
	N/A

	TM6
	8.2.1.4.1B
	MMSE –IRC
	2x4/4x4
	1
	EVA5
	1 (DIP=-1.73dB or INR1=3.1dB)

	
	
	
	
	
	
	

	TM9
	8.3.1.1A
	MMSE –IRC
	2x4/(4x4)
	1
	EVA5
	1 (DIP=-1.73dB or INR1=3.1dB)

	TM9
	8.3.1.2
	MMSE
	2x4/(4x4)
	2
	ETU5
	1 (only CRS)

	256
	TBD
	
	
	
	
	


In this contribution, we provide simulation results for PDSCH based on above table, and discuss performance requirement considering fallback operation.
2 PDSCH for 4Rx APs

2.1 Simulation results
Based on Table 1‑1, we provide initial simulation results and some observations.
· TM2 2X4 antenna based on 8.2.1.2.1 Test 1
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration

	
	
	
	
	

	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x4
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Figure 2‑1 Throughput performance for TM2 2X4 antenna
· TM3 2X4 antenna based on 8.2.1.3.1 Test 1

	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.

	
	
	
	
	

	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x4
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Figure 2‑2 Throughput performance for TM3 2X4 antenna
· TM4 4X4 antenna based on 8.2.1.4.3

	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.

	
	
	
	
	

	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x4
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Figure 2‑3 Throughput performance for TM4 4X4 antenna

· TM6 IRC test based on 8.2.1.4.1B

	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration 

	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	

	R.47 FDD
	OP.1 FDD
	N/A
	EVA5
	EVA5
	2x[2, 4] Low
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Figure 2‑4 Throughput performance for TM6 IRC
· TM9 IRC test based on 8.3.1.1A
	Reference Channel
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration

	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	

	R.48 FDD
	OP.1 FDD
	N/A
	EVA5
	EVA5
	4x4
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Figure 2‑5 Throughput performance for TM9 IRC

· TM9 based on 8.3.1.2

	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration

	
	
	Cell1
	Cell 2
	Cell 1
	Cell 2
	

	10 MHz
16QAM 1/2
	R.51 FDD
	OP.1 FDD
	N/A
	ETU5
	ETU5
	2x2 Low
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Figure 2‑6 Throughput performance TM9 2X4 antenna
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Figure 2‑7 Throughput performance TM9 dual layer
· TM4 4X4 256QAM dual layer random PMI
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration

	
	
	
	
	

	10MHz
	R. 65  FDD
	OP.1 FDD
	EVA5
	4x4
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Figure 2‑8 Throughput performance for TM4 4X4 256QAM
· TM9 4X4 256QAM single and dual layer follow PMI
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration

	
	
	
	
	

	10MHz
	R. 66 FDD
	OP.1 FDD
	EPA5
	4x4
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Figure 2‑9 Throughput performance for TM9 4X4 256QAM with single layer
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Figure 2‑10 Throughput performance for TM9 4X4 256QAM with dual layer
Based on our simulation results, we have observed followings;
· Observation 1: There is large performance gap between 2Rx and 4R. It could be impact on 4Rx test depending on UE fallback operation. 
· Observation 2: Under medium correlation configuration, there exists big performance difference between ULA and XPOL antenna. 
· Observation 3: For 256QAM, target SNR point for dual layer is
· feasible for TM4 with random PMI under low and new medium ULA(0.38) / XPOL

· feasible for TM9 only with follow PMI under low and new medium XPOL

For antenna configuration per each test case, if 4Rx test cases are extended based on existing 2Rx test cases, 4Rx UE does not need to test 2Rx test case, but low correlation in test cases might not be realistic except the TM2 case. If medium correlation is used for 4Rx AP test case, there exists large performance gap between ULA and XPOL antenna configuration as we mentioned on Observation 2. Under our understanding, it is difficult to implement XPOL antenna in mobile device currently, so most of mobile devices might be equipped with ULA antenna. Since all test requirements in RAN4 are based on connected test, 4 Rx UE will be passed regardless of its actual antenna configuration, and it will introduce some amount of performance gap between real field and existing RAN4 requirement. At this time, we don’t have any strong preference between antenna configuration of ULA and XPOL in terms of its test feasibility, but we believe RAN4 requirement should reflect realistic environment as much as possible.
· Observation 4: For minimum performance requirement in RAN4 specification,

· using low correlation : 2Rx test for 4Rx UE could be skipped, but it is not realistic for 4Rx antenna
· using XPOL with medium : There exists the difference between field performance and RAN4 requirement for mobile device with ULA antenna.
Based on observations, 

· Proposal 1: 4Rx PDSCH test should be guaranteed a 4Rx UE to stay in 4Rx mode during 4Rx test.
· Proposal 2: To select MIMO correlation / antenna configuration (ULA and XPOL) for minimum performance requirement should be considered with realistic field condition such as antenna correlation and field performance.
2.2 Performance requirement considering fallback operation
In some condition such as performance, received power, battery, and so on, 4Rx UE will switch 2Rx mode. Although this operation is UE implementation issue, it needs to guarantee a 4Rx UE to stay in 4Rx mode during the 4Rx test as we mentioned on Observation 1. If not, 4Rx UE might fall back to 2Rx mode by its own fallback algorithm, and it will fail the 4Rx test, especially single and dual layer tests. 
Alternatively, RAN4 could consider only 3 and 4 layer for 4Rx PDSCH performance requirement, and RI test could be covered in 4Rx mode for single and dual layer.
· Proposal 3: If there is no way to guarantee a 4Rx UE to stay in 4Rx mode during the test, RAN4 could consider defining only 3 / 4 layer PDSCH performance requirement for 4Rx UE and single / dual layer requirement can be covered during RI test.

3 Conclusion 
In this contribution, we provide simulation results for PDSCH under single and dual layer. Based on simulation results, we observe
· Observation 1: There is large performance gap between 2Rx and 4R. It could be impact on 4Rx test depending on UE fallback operation. 
· Observation 2: Under medium correlation configuration, there exists big performance difference between ULA and XPOL antenna. 

· Observation 3: For 256QAM, target SNR point for dual layer is

· feasible for TM4 with random PMI under low and new medium ULA(0.38) / XPOL

· feasible for TM9 only with follow PMI under low and new medium XPOL

For antenna configuration per each test case, 
· Observation 4: For minimum performance requirement in RAN4 specification,

· using low correlation : 2Rx test for 4Rx UE could be skipped, but it is not realistic for 4Rx antenna

· using XPOL with medium : There exists the difference between field performance and RAN4 requirement for mobile device with ULA antenna.

Based on observations, 

· Proposal 1: 4Rx PDSCH test should be guaranteed a 4Rx UE to stay in 4Rx mode during 4Rx test.
· Proposal 2: To select MIMO correlation / antenna configuration (ULA and XPOL) for minimum performance requirement should be considered with realistic field condition such as antenna correlation and field performance.
For performance requirement considering fallback operation, 
· Proposal 3: If there is no way to guarantee a 4Rx UE to stay in 4Rx mode during the test, RAN4 could consider defining only 3 / 4 layer PDSCH performance requirement for 4Rx UE and single / dual layer requirement can be covered during RI test.
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