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1
Introduction

During RAN4#74bis meeting, the work on 4Rx AP has started. In this contribution, we present link-level simulation results for 4Rx AP operation considering Uniform Linear Array (ULA) and cross-polarized (Xpol) antenna configurations with both the existing and newly proposed medium correlation models. 
2
PDSCH demodulation performance 
During the previous meeting it has been proposed [1] a list of PDSCH test cases involving various ranks and TMs 2, 3, 4, 6, 9. In the following we are presenting PDSCH performance for a initial set of test cases involving:
	
	Based on 
	Receiver 
	Antenna configs 
	# of Layers 
	Channel
	Options of Antenna correlations 

	TM4
	8.2.1.4.1A 
	MMSE 
	4x4 
	1 
	EVA5 
	New Medium

	
	8.2.1.4.3 
	MMSE 
	4x4 
	2 
	EPA5 
	New Medium

	
	8.2.1.4.3 
	MMSE 
	4x4 
	3,4 
	EPA5 
	Low 

	
	8.2.1.4.1 
	MMSE
	2x4
	1
	EVA5
	New Medium

	
	8.2.1.4.2
	MMSE
	2x4
	2
	ETU70
	New Medium

	TM9
	8.3.1.1A 
	MMSE –IRC 
	4x4 
	1 
	EVA5 
	New Medium 

	
	8.3.1.2
	MMSE 
	4x4 
	2 
	EPA5 
	New Medium 

	
	8.3.1.2 
	MMSE 
	4x4 
	3,4 
	EPA5 
	Low 

	
	8.3.1.1
	MMSE
	2x4
	1
	EVA5
	New Medium

	
	8.3.1.2
	MMSE
	2x4
	2
	ETU70
	New Medium


3
Link performance
In this section we present link-level evaluation results of 4Rx AP and selected transmission modes. The simulation assumptions are summarized in the Appendix.
3.1 Closed loop MIMO/TM4

	TM4
	8.2.1.4.1A 
	MMSE 
	4x4 
	1 
	EVA5 
	Low / New Medium/High 


	TM4, RANK 1, based on Table 8.2.1.4.1A

	Downlink Power Allocation
	Pa = -6 dB Pb = 1, controlSignalingToPDSCH = 3 dB

	Precoding granularity
	6 PRB

	PMI delay
	8 ms

	Reporting interval
	1 ms

	Bandwidth
	10 MHz, 50 PRB

	Channel model
	EVA5 Hz

	Antenna configuration
	4x4, XPOL

	Correlation models
	NEW MEDIUM

	Receiver
	MMSE

	CFI
	2

	MCS
	QPSK, 1/3
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Figure 1: TM4, 4x4 EVA5, MMSE, rank 1, QPSK 1/3, AntCorr = New Medium, 50 PRB
	TM4
	8.2.1.4.3 
	MMSE 
	4x4 
	2 
	EPA5 
	Low / New Medium/High 


	TM4, RANK 2/3/4, based on Table 8.2.1.4.3

	Downlink Power Allocation
	Pa = -6 dB Pb = 1, controlSignalingToPDSCH = 3 dB

	Precoding granularity
	6 PRB

	PMI delay
	8 ms

	Reporting interval
	1 ms

	Bandwidth
	10 MHz, 50PRB

	Channel model
	EPA 5 Hz

	Antenna configuration
	4x4, XPOL

	Correlation models
	Rank3/4: LOW, Rank2: NEW MEDIUM

	Receiver
	MMSE

	CFI
	2

	MCS
	64QAM 1/2
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Figure 2: TM4, 4x4 EVA5, MMSE, rank 2, 64QAM 1/2, AntCorr = New Medium, 50 PRB
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Figure 3: TM4, 4x4 EPA5, MMSE, rank 3, 64QAM 1/2, AntCorr = Low, 50 PRB
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Figure 4: TM4, 4x4 EPA5, MMSE, rank 4, 64QAM 1/2, AntCorr = Low, 50 PRB
	TM4 
	8.2.1.4.1  Test 1 
	MMSE 
	2x4 
	1 
	EVA5 
	Low / New Medium/High 


	TM4, RANK 1, based on Table 8.2.1.4.1 Test 1

	Downlink Power Allocation
	Pa = -3 dB Pb = 1, controlSignalingToPDSCH = 0 dB

	Precoding granularity
	6 PRB

	PMI delay
	8 ms

	Reporting interval
	1 ms

	Bandwidth
	10 MHz, 50 PRB

	Channel model
	EVA5 Hz

	Antenna configuration
	2x4, XPOL

	Correlation models
	NEW MEDIUM

	Receiver
	MMSE

	CFI
	2

	MCS
	QPSK 1/3
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Figure 5: TM4, 2x4 EVA5, MMSE, rank 1, QPSK 1/3, AntCorr = New Medium, 50 PRB
	TM4
	8.2.1.4.2 Test 2 
	MMSE 
	2x4 
	2 
	ETU70 
	Low / New Medium 

	TM4, RANK, based on Table 8.2.1.4.2 Test 2

	Downlink Power Allocation
	Pa = -3 dB Pb = 1, controlSignalingToPDSCH = 0 dB

	Precoding granularity
	50 PRB

	PMI delay
	8 ms

	Reporting interval
	1 ms

	Bandwidth
	10 MHz, 50PRB

	Channel model
	ETU 70 Hz

	Antenna configuration
	2x4, XPOL

	Correlation models
	NEW MEDIUM

	Receiver
	MMSE

	CFI
	2

	MCS
	16QAM 1/2
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Figure 6: TM4, 2x4 ETU70, MMSE, rank 2, 16QAM 1/2, AntCorr = New Medium, 50 PRB
3.3 Beamforming/TM9

	TM9
	8.3.1.1A 
	MMSE –IRC 
	4x4 
	1 
	EVA5 
	Low / New Medium 


	TM9, RANK 1, based on Table 8.3.1.1A

	Parameter
	Serving cell
	Interfering cell

	Downlink Power Allocation
	controlSignalingToPDSCH =
 -3 dB
	controlSignalingToPDSCH =
 -3 dB

	CRS configuration
	2x Antenna ports
	2x Antenna ports

	CSI-RS
	4x Antenna ports

Subframe offset T_csi-rs = 5

Delta_csi-rs = 2

Configuration = 0
	

	Interference profile
	
	DIP -1.73 dB

	Interference model
	
	All phyChs, random MCS per
TTI

	Rank probability
	
	Rank1/2: 70/30

	Cell Ids
	0
	126

	Precoding granularity
	50 PRB
	6 PRB

	PMI delay
	8 ms
	

	Reporting interval
	5 ms
	

	Bandwidth
	10 MHz
	

	Channel model
	EVA5 Hz
	

	Antenna configuration
	4x4
	

	Correlation models
	NEW MEDIUM, XPOL
	

	Receiver
	MMSE
	

	CFI
	2
	2

	PMI
	Follow PMI
	

	MCS
	QPSK, 1/2
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Figure 7: TM9, 4x4 EVA5, MMSE, rank 1, QPSK 1/3, AntCorr = New Medium, 50 PRB
	TM9
	8.3.1.2
	MMSE 
	4x4 
	2, 3, 4
	EPA5 
	Low  


	TM9, RANK 2,3,4 based on Table 8.3.1.2

	Parameter
	Serving cell
	Interfering cell

	Downlink Power 

Allocation
	controlSignalingToPDSCH =

 -3 dB
	controlSignalingToPDSCH=

-3 dB

	CRS configuration
	2x Antenna ports
	2x Antenna ports

	CSI-RS
	4x Antenna ports

Subframe offset T_csi-rs = 5

Delta_csi-rs = 2

Configuration = 0

ZP: Config = 3

ZP: bitmap: 0010000000000000
	

	Interference profile
	
	DIP -7.25 dB

	Interference model
	
	All phyChs, random MCS per

TTI

	Rank probability
	
	Rank1/2: 70/30

	PDSCH TM
	9
	9

	Cell Ids
	0
	126

	Precoding ranularity
	50 PRB
	6 PRB

	PMI delay
	8 ms
	

	Reporting interval
	5 ms
	

	Bandwidth
	10 MHz
	

	Channel model
	EPA5 Hz
	

	Antenna 

configuration
	4x4
	

	Correlation models
	Rank3/4: LOW, 

Rank2: NEW MEDIUM
	

	Receiver
	MMSE
	

	CFI
	2
	2

	PMI
	Follow PMI
	

	MCS
	16QAM 1/2
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Figure 8: TM9, 4x4 EPA5, MMSE, rank2, 16QAM 1/2, AntCorr = New Medium, 50 PRB
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Figure 9, 4x4 EPA5, MMSE, rank3, 16QAM 1/2, AntCorr = New Medium, 50 PRB
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Figure 10, 4x4 EPA5, MMSE, rank4, 16QAM 1/2, AntCorr = New Medium, 50 PRB
	TM9 
	8.3.1.1 Test 1 
	MMSE 
	2x4 
	1 
	EVA5 
	Low / New Medium 


	Parameter
	Serving cell

	Downlink Power Allocation
	controlSignalingToPDSCH = -3 dB

	CRS configuration
	2x Antenna ports

	CSI-RS
	Csi-rs-antenna-ports = 2
Subframe offset T_csi-rs = 5

Delta_csi-rs = 2

Configuration = 0

ZP: Config = 3

ZP: bitmap: 0010000000000000

	PDSCH TM
	9

	Precoding granularity
	50 PRB

	PMI delay
	8 ms

	Reporting interval
	5 ms

	Bandwidth
	10 MHz

	Channel model
	EVA5 Hz

	Antenna configuration
	2x4

	Correlation models
	NEW MEDIUM

	Receiver
	MMSE

	CFI
	2

	PMI
	Follow PMI

	MCS
	QPSK 1/3
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Figure 11, 2x4 EVA5, MMSE, rank1, QPSK 1/3, AntCorr = New Medium, 50 PRB
	TM9
	8.3.1.2, 
	MMSE 
	2x4 
	2 
	ETU5 
	Low / New Medium 


	TM9, RANK 2 based on Table 8.3.1.2

	Parameter
	Serving cell
	Interfering cell

	Downlink Power Allocation
	controlSignalingToPDSCH = -3 dB
	controlSignalingToPDSCH = -3 dB

	CRS configuration
	2x Antenna ports
	2x Antenna ports

	CSI-RS
	Csi-rs-antenna-ports = 2

Subframe offset T_csi-rs = 5

Delta_csi-rs = 2

Configuration = 0

ZP: Config = 3

ZP: bitmap: 0010000000000000
	

	Interference profile
	
	DIP -7.25 dB

	Interference model
	
	All phyChs, random MCS per TTI

	Rank probability
	
	Rank1/2: 70/30

	PDSCH TM
	9
	9

	Cell Ids
	0
	126

	Precoding granularity
	50 PRB
	6 PRB

	PMI delay
	8 ms
	

	Reporting interval
	5 ms
	

	Bandwidth
	10 MHz
	

	Channel model
	ETU5 Hz
	

	Antenna configuration
	2x4
	

	Correlation models
	NEW MEDIUM
	

	Receiver
	MMSE
	

	CFI
	2
	2

	PMI
	Follow PMI
	

	MCS
	16QAM 1/2
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Figure 12, 2x4 ETU70, MMSE, rank2, 16QAM 1/2, AntCorr = New Medium, 50 PRB
4
Conclusions

In this contribution we have presented link-level results for 4Rx AP and different TM operation. 
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