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1. Introduction
In RAN4 #78bis, RAN4 agreed on WF for RI tests for 4 Rx UE [1]. 
· Evaluate for each section the requirements for Test 1 to 3 with 4Rx 
· Evaluate Test 4 (Rank 3-4) for each section. The purpose is to check that the UE for high SNR signals rank 3 and/or rank 4 and thereby get higher throughput than fixed rank 2
· TBDs to be discussed over email
· Evaluation results to be presented with throughput for fixed and follow RI as well as the gamma values for the evaluated SNRs
· Propose Alignment and Impairment
In this contribution, we provide simulation results for RI test for 4 Rx UE and proposal for remaining TBD parameters and CINR test point. 
2. Simulation results
TM4 RI tests are specified in 9.5.1.1 for FDD and 9.5.1.2 for TDD. Test configuration for FDD is shown in table 1. TM9 RI tests are specified in 9.5.2.1 for FDD and 9.5.2.2 for TDD. Test configuration for FDD is shown in table 2. Test can be adapted to 4 Rx UE by changing antenna configuration from 2x2 to 2x4 and adjusting SNR test point. Note that test 4 with 4x4 antenna configuration is newly introduced to verify UE capability to report rank 3 or rank 4 in good signal condition. Test 4 is applicable to UE that supports 4 layer MIMO. In test 4, following codebook subset restriction is applied. 
· 0x0000000001000000 for fixed RI =2

· 0x0100010001000100 for UE reported RI

Figure 1 and figure 2 show simulation results for TM4 RI test and Figure 3 and 4 show simulation results for TM9 RI test. Test 1 is defined with gamma2 metric with the purpose of verifying that UE reports rank 1 when CINR is low in low correlation channel. Since rank 1 to rank 2 switching point is lowered with 4 Rx demodulation, we should lower CINR test point to make it sure that 4 Rx UE is indeed operating in rank 1 regime. 
Proposal 1. For test 1, lower CINR test point to -4dB while reusing gamma2 metric and threshold value of 1.0. 

Test 2 is defined with gamma1 metric with the purpose of verifying that UE reports rank 2 when CINR is high in low correlation channel. Since rank 1 to rank 2 switching point is lowered with 4 Rx demodulation, we can also consider lowering CINR test point. 

Proposal 2. For test 2, lower CINR test point to 16dB while reusing gamma1 metric and threshold value of 1.05. 

Test 3 is defined with gamma1 metric with the purpose of verifying that UE reports rank 1 in high correlation channel even when CINR is high. Since gamma1 metric is very close to 1 for CINR 0~20dB, we can choose any CINR for test point. Since test 2 and test 3 is defined at the same CINR test point in existing 2 Rx RI test, we would like to propose to keep same CINR test point between test 2 and test 3 for 4 Rx RI test. 
Proposal 3. For test 3, lower CINR test point to 16dB while reusing gamma1 metric and threshold value of 0.9. 

Test 4 is newly introduced with gamma 2 metric with the purpose of verifying that UE reports rank 3 or rank 4 when CINR is high in low correlation channel. According to our simulation, gamma2 metric is larger than 1.2 when CINR is higher than 22.5dB. 
Proposal 4. For test 4, specify test at 24dB with gamma2 threshold of 1.1. 

Table 1. TM4 RI test (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	 
	4

	Downlink power allocation
	rohA
	dB
	-3

	
	rohB
	dB
	-3

	
	(
	dB
	0

	Propagation condition and antenna configuration
	 
	2 x 4 EPA5
	4 x 4 EPA5

	CodeBookSubsetRestriction bitmap
	 
	000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI
	0x0000000001000000 for fixed RI =2

0x0100010001000100 for UE reported RI

	Antenna correlation
	 
	Low
	Low
	High
	Low

	RI configuration
	 
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	0
	20
	20
	TBD

	
	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	
	dB[mW/15kHz]
	-98
	-78
	-78
	TBD

	Maximum number of HARQ transmissions
	 
	1 
	1 

	Reporting mode
	 
	PUSCH 3-1 (Note 3)
	PUSCH 3-1 (Note 3)

	Reporting interval
	ms
	5
	5

	PMI and CQI delay
	ms
	8
	8


Table 2. TM9 RI test (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	 
	9

	Downlink power allocation
	rohA
	dB
	0

	
	rohB
	dB
	0

	
	Pc
	dB
	0

	
	(
	dB
	0

	Propagation condition and antenna configuration
	 
	2 x 4 EPA5
	4 x 4 EPA5

	Cell-specific reference signals
	
	Antenna ports 0

	Beamforming Model
	
	As specified in Section B.4.3

	CSI reference signals
	
	Antenna ports 15, 16
	Antenna ports 15-18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI reference signal configuration
	
	6

	CodeBookSubsetRestriction bitmap
	 
	000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI
	0x0000000001000000 for fixed RI =2

0x0100010001000100 for UE reported RI

	Antenna correlation
	 
	Low
	Low
	High
	Low

	RI configuration
	 
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	0
	20
	20
	TBD

	
	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	
	dB[mW/15kHz]
	-98
	-78
	-78
	TBD

	Maximum number of HARQ transmissions
	 
	1 

	Reporting mode
	 
	PUSCH 3-1 (Note 3)

	Reporting interval
	ms
	5
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Figure 1. PDSCH throughput for TM4 RI test
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Figure 2. PDSCH throughput ratio for TM4 RI test
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Figure 3. PDSCH throughput for TM9 RI test
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Figure 4. PDSCH throughput ratio for TM9 RI test

3. Conclusions

In this contribution, we provided simulation results for RI test for 4 Rx UE. Our proposals are
Proposal 1. For test 1, lower CINR test point to -4dB while reusing gamma2 metric and threshold value of 1.0. 

Proposal 2. For test 2, lower CINR test point to 16dB while reusing gamma1 metric and threshold value of 1.05. 

Proposal 3. For test 3, lower CINR test point to 16dB while reusing gamma1 metric and threshold value of 0.9. 

Proposal 4. For test 4, specify test at 24dB with gamma2 threshold of 1.1. 
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