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Introduction
In last RAN4 meeting, such agreements were reached for Class B K>1 CRI test:
· Test applicability
· Introduce a subset of test cases with different (K, Nmax)  
	Test number 
	#1 
	#2 
	#3 
	#4 

	(K, Ntotal) 
	(2,8) 
	(2,16) 
	(4,32) 
	(8,64) 


· Based on UE capability, each UE pick up one configuration to pass with following applicability rule to determine {K, Nmax} : 
· If UE supporting (K,Nmax) = (8,64), then pass test with (8,64)
· Else if UE supporting (K, Nmax) = (4, 32) then pass test with (4,32)
· Else if UE supporting (K, Nmax) = (2, 16) then pass test with (2,16)
· Other-wise UE pass test with (2, 8)
· PMI Adaptation
· Fixed PMI through CSR without Beam steering in channel
· FRC: 64QAM Rank1 
· Beam-forming model: Dynamic power scaling method


· Log scale with A = 5 dB, B = -1.3351 dB
· k = 0,1,2,…,K-1
· 




 controls the phase variation and the phase for m-th sub-frame is denoted by ,  where  is the random start value with the uniform distribution, i.e.  ,   is the step of phase variation, which is defined in Table below, and m is the linear increment of 1 for every sub-frame throughout the simulation.
· 
   =1.2566×10-3  ( 5s Periodicity)
· Test time should be integer multiples of 5s
· Reference Test Point:[70%] with following CRI
 In this contribution, we provide simulation results for Class B K>1 CRI test of both FDD mode and TDD mode. 
Discussion
Simulation Assumption
Detailed simulation assumption was given in tables below.
Simulation Assumption for FDD mode
	Parameter
	Unit
	Test 1-1                                                   (K,N)=(2,8)
	Test 1-2                               (K,N)=(2,16)
	Test 1-3                                          (K,N)=(4,32)

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EPA5

	Beamforming model
	
	Annex B.4.6

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration  (Note 1)
	
	4x2 XP High
	8x2 XP High
	8x2 XP High

	Cell-specific reference signals
	
	Antenna ports 0,1

	eMIMO-Type
	
	Class B

	Number of NZP-CSI resources (K) (Note 3)
	
	2 for following CRI
	2 for following CRI
	4 for following CRI

	
	
	1 for fixed CRI
	1 for fixed CRI
	1 for fixed CRI

	NZP-CSI-RS-ID-List
	
	{0,1}
	{0,1}
	{0,1,2,3 }

	legacyCSRList
	
	{0,0}
	{0,0}
	{0,0,0,0}

	CSI reference signal configuration List
	
	{0,1}
	{0,1}
	{0,1,2,3 }

	Number of CSI-RS ports
	
	{4,4}
	{8,8}
	{8,8,8,8}

	(Nk)
	
	
	
	

	CSI-RS-SubframeConfig  List
	
	{1,1}
	{1,1}
	{1,1,1,1}

	CodeBookSubsetRestriction with ID=0
	
	0x
	0x
	0x

	
	
	0000 0000 0000 0001 0000 0001
	0000 0000 0000    0010 0000 0000    0001
	[image: ]0000 0000 0000 0010 0000 0000 0001

	alternativeCodeBookEnabledFor4TX-r12
	
	TRUE
	N/A
	N/A

	Downlink power allocation
	[image: ][image: ]
[image: ]
	dB
	0
	0
	0

	
	
	dB
	0
	0
	0

	
	Pc
	dB
	-3
	-6
	-6

	
	
	dB
	-3
	-3
	-3

	[image: ][image: ]

	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	5

	CRI Delay
	ms
	8

	PMI delay
	ms
	8

	Measurement channel
	
	64QAM 1/2
	64QAM 1/2
	64QAM 1/2

	OCNG Pattern
	
	OP.1 FDD

	Rank Number of PDSCH
	
	1

	Scheduled PDSCH SFs
	
	SF 0,2,3,4,7,8,9
	SF 0,2,3,4,7,8,9
	SF 0,2,3,4,7,8,9

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Note1: No beam steering in MIMO channel.



Simulation assumption of TDD mode
	Parameter
	Unit
	Test 1-1                                      (K,N)=(2,8)
	Test 1-2                               (K,N)=(2,16))
	Test 1-3                                          (K,N)=(4,32)
	Test 1-4                                              (K,N)=(8,64)

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Propagation channel
	
	EPA5

	Beamforming model
	
	Annex B.4.6

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration  (Note 1)
	
	4x2 XP High
	8x2 XP High
	8x2 XP High
	8x2 XP High

	Cell-specific reference signals
	
	Antenna ports 0,1

	eMIMO-Type
	
	Class B

	Number of NZP-CSI resources (K)
	
	2 for following CRI
	2 for following CRI
	4 for following CRI
	8 for following CRI

	(Note 3)
	
	1 for fixed CRI
	1 for fixed CRI
	1 for fixed CRI
	1 for fixed CRI

	NZP-CSI-RS-ID-List
	
	{0,1}
	{0,1}
	{0,1,2,3 }
	{0,1,2,3,4,5,6,7}

	legacyCSRList
	
	{0,0}
	{0,0}
	{0,0,0,0}
	{0,0,0,0,0,0,0,0}

	CSI reference signal configuration List
	
	{0,1}
	{0,1}
	{0,1,2,3 }
	{0,1,2,3,0,1,2,3}

	Number of CSI-RS ports
	
	{4,4}
	{8,8}
	{8,8,8,8}
	{8,8,8,8,8,8,8,8}

	(Nk)
	
	
	
	
	

	CSI-RS-SubframeConfig  List
	
	{9,9}
	{9,9}
	{9,9,9,9}
	{8,8,8,8,9,9,9,9}

	CodeBookSubsetRestriction with ID=0
	
	0x
	0x
	0x
	0x

	
	
	0000 0000 0000 0001 0000 0001
	0000 0000 0000 0010 0000 0000 0001
	0000 0000 0000 0010 0000 0000 0001
	0000 0000 0000 0010 0000 0000 0001

	alternativeCodeBookEnabledFor4TX-r12
	
	TRUE
	N/A
	N/A
	N/A

	Downlink power allocation
	[image: ][image: ]
	



	dB
	0
	0
	0
	0

	
	
	dB
	0
	0
	0
	0

	
	﷐    Pc
	dB
	-3
	-6
	-6
	-6

	
	s
	dB
	-3
	-3
	-3
	-3

	[image: ]
	



	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	10

	CRI Delay
	ms
	12

	PMI delay
	ms
	12

	Measurement channel
	
	64QAM 1/2
	64QAM 1/2
	64QAM 1/2
	64QAM 1/2

	OCNG Pattern
	
	OP.1 TDD

	Rank Number of PDSCH
	
	1

	Scheduled PDSCH SFs
	
	SF 0,1,3,6,8,9
	SF 0,1,3,6,8,9
	SF 0,1,3,6,8,9
	SF 0,1,6,8,9

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1: No beam steering in MIMO channel.



Simulation results
In this chapter, simulation results were given based on simulation assumptions above. 
FDD mode
Figure 1 below summarized absolute throughput performance with following CRI and fixed CRI =0 for different combinations of (N, K) as (2, 8), (2, 16), (4, 32) and (8, 64) cases. Figure 2 showed relative throughput ratios between following CRI and fixed CRI=0 and figure 3 summarized CRI reporting distributions for following CRI.
[image: ]
Figure1：Absolute Throughput vs. SNR (FDD mode)
[image: ]
Figure2： Throughput ratio vs. SNR  (FDD mode)
[image: ]
Figure3： CRI distribution vs. SNR (FDD mode)
TDD mode
Figure 4 below summarized absolute throughput performance with following CRI and fixed CRI =0 for different combinations of (N, K) as (2, 8), (2, 16), (4, 32) and (8, 64) cases. Figure 5 showed relative throughput ratios between following CRI and fixed CRI=0 and figure 6 summarized CRI reporting distributions for following CRI.

[image: ]
Figure 4：Absolute Throughput vs. SNR (TDD mode)
[image: ]
Figure5： Throughput ratio vs. SNR (TDD mode)[image: ]
Figure6： CRI distribution vs. SNR (TDD mode)
Observations
Based on evaluation results in last chapter, we summarized reference SNR points and relative throughput ratios for FDD and TDD mode as below in table 1 and table 2. Table 3 below summarized CRI reporting percentiles under different combinations of (K, N).
Table 1 SNR points and throughput ratios for FDD mode
	(M,N)
	(2,8)
	(2,16)
	(4,32)
	(8,64)

	Reference Point
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio

	70% with following CRI
	3.5
	1.40
	0.9
	1.40
	0.0
	1.62
	-0.2
	1.69



Table 2 SNR points and throughput ratio for TDD mode
	(M,N)
	(2,8)
	(2,16)
	(4,32)
	(8,64)

	Reference Point
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio
	SNR [dB]
	TP ratio

	70% with follow CRI
	3.4
	1.40
	0.9
	1.40
	-0.1
	1.63
	-0.3
	1.71



Table 3 Reporting CRI percentiles 
	PMI approach
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (4,32)
k= {0,1,2,3}
	(K,N) = (8,64)
k= {0,1,2,3,4,5,6,7}

	Following PMI
	Around 50% 
	Around 50% 
	Around 25%
	12% ~13%

	Fixed PMI
	Around 50%
	Around 50%
	Around 25%
	12% ~13%



Proposal 1: Introducing below performance requirements for CRI test of both FDD mode and TDD mode
	Minimum requirements
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (4,32)
k= {0,1,2,3}
	(K,N) = (8,64)
k= {0,1,2,3,4,5,6,7}

	TP ratio (
	1.20
	1.20
	1.30
	1.35

	CRI reporting percentile (
	40
	40
	20
	10



Conclusion
In this contribution, we give simulation results for CSI Class B K>1 CRI test.
Proposal 1: Introducing below performance requirements for CRI test of both FDD mode and TDD mode
	Minimum requirements
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (2,8)
k= {0,1}
	(K,N) = (4,32)
k= {0,1,2,3}
	(K,N) = (8,64)
k= {0,1,2,3,4,5,6,7}

	TP ratio (
	1.20
	1.20
	1.30
	1.35

	CRI reporting percentile (
	40
	40
	20
	10
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