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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)  
· At least consider the following configurations
	Test number 
	#1 
	#2 
	#3 
	#4 

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


· FFS if additional test cases are needed 
· Test case applicability based on UE capabilities is FFS
· Option1: 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)
· Other options not excluded
· Test Methodology 
· One throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources.  
· Check both CRI statistics and throughput ratio between following CRI and fixed CRI. 
· VRC test or FRC test 
· FRC test with fixed rank, MCS (16QAM ½  Rank1)
· Option 1: Fixed PMI for both following CRI and fixed CRI
· Option 2: Following PMI for  both following PMI CRI and fixed CRI 
· Beam-forming model 
· Option 1: Dynamic power scaling method (Baseline)


· Log scale with A = [5] dB, B = [0] dB
· fs is FFS 
· k = 0,1,2,…,K-1
· Option 2: Fixed Power scaling method 
· Detailed test parameters
· Further discuss detailed test set-up through RAN4 email reflector so that all the companies can run the simulations for the next RAN4 meeting to speed up the progress. 
In this contribution, we provide simulation results and analysis for test case design of Class B K>1 CRI test. 
Discussion
Test Case Design
Test applicability 
Following RAN1 agreements, Number of CSI-RS resources K and total number of CSI-RS ports Ntotal across all configured CSI-RS resources were based on UE capability. UE capability signaling for max supported number of CSI-RS resources per CSI process ranging from 1 to 8 will be introduced. UE capability signaling for maximum supported total number of CSI-RS ports per CSI process will be introduced with candidate values as {8,16,32,64}. A agreed in R2-163131, detailed RRC signaling as below:
1) Per UE:  1-bit indicating whether to support the alternative codebook (for K=1 case only) 
2)  Per UE per band per band-combination P times (for 1, …, P CSI processes)
· 3-bit Kmax (Kmax = {2,3,4,5,6,7,8})
· 1-bit Nmax configuration (2 possible values) per K value, from K=2,…, Kmax. The two Nmax values for each K is given as follows 
	K
	2
	3
	4
	5
	6
	7
	8

	Nmax
	{8,16}
	{8,16}
	{8,32}
	{16,32}
	{16,32}
	{16,32}
	{16,64}



Based on  such capability signaling structure, if we want to cover all the possible UE capability, meanwhile test each type UE with corresponding maximum capability combination (Nmax and Kmax), and then we need to introduce plenty of test cases.
Considering RAN4 work load and test effort, a subset of test cases with different (K, Nmax) can be introduced. Firstly considering test coverage, combinations (K, N) = (2,8) and (K,N)  = (8,64) which corresponding to minimum/maximum capability need to be introduced.  
From UE processing complexity aspect, channel estimation complexity is strongly depending on total number of CSI-RS ports and both number of CSI-RS resources and total number of CSI-RS port will impact CSI estimation i.e. codebook selection complexity. Considering processing complexity strongly depends on maximum ports that UE supported, we proposed to introduce separate test case based on number of total CSI-RS ports (8, 16, 32, and 64). 
Considering under same total number of CSI ports, more CSI resources required more processing complexity which have larger candidate codebook size. In order to introduce minimum test cases with test coverage as much as possible, we propose to pick up minimum K value corresponding specific values of Nmax. 
For example, across configuration list, K=2, 3,5,6,7 and 8 can support Nmax =16, then we introduce test case for (K, N) = (2, 16).  Considering if UE can support same Nmax value under larger number of CSI-RS resources, it’s straightforward that UE can support such Nmax with less number of CSI-RS resources. 
Following above analysis, we can select K=4 for Nmax =32 case.
Based above analysis, I would like to narrow down combination (K, Ntotal) as below:
	Test number 
	#1 
	#2 
	#3 
	#4

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


Then based on UE capability, we can pick up one of these combinations which have maximum capability to pass:
· Based on UE capability, each UE pick up one (K, Ntotal) combination to pass.
· According to maximum number of Nmax across UE supported configuration list upper to Kmax, select corresponding (K, Ntotal) to test.
For example, if Kmax =3, such possible configuration list supported 
· UE support K=3, with (2,16), (3,16), then pass (2,16) 
· UE support K=3, with (2,16), (3,8) then pass (2,16) 
· UE support K=3, with (2, 8), (3, 16) then pass (2,8). We don’t believe such kind of UE exists in reality. Considering if UE support Nmax as 16 with 3 CSI-RS resources, it’s straightforward that UE can support Nmax as 16 with 2 CSI-RS resources since UE processing complexity is less with less number of CSI-RS resources under same number of total CSI-RS ports.
Proposal1: Introduce a subset of test cases with different (K, Nmax).
	Test number 
	#1-1
	#1-2
	#1-3 
	#1-4

	(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)
Test Metric
For CSI Class B with K>1 (cell-specific beam-formed CSI-RS), a CSI process is associated with K CSI-RS resources, with Nk ports for the kth CSI-RS resource. CRI is a new CSI reporting content which corresponding to CSI-RS resource indicator to select NZP-CSI-RS resource. UE need to feedback CRI to select one out of K beams, and based on such selected NZP CSI-RS resource to estimate CQI, PMI and RI. 
In order to verify proper beam selection based on different CSI-RS resources, we need to apply beam-steering in channel and verify PMI selection accuracy in this test.
With following PMI, we can verify UE maximum processing complexity compared to fixed PMI option since UE need to estimate proper codebook on each CSI-RS resource. 
Furthermore, in order to verify CRI reporting is not based energy level detection, applied different codebook subset restrictions for different CSI-RS resources need to be further considered. 
Proposal 2: Introducing CRI test under FRC with following PMI for both following CRI and fixed CRI.
Proposal 3: Introducing below test metric definition for throughput ratio between following CRI and fixed CRI:
· 
,
·  Applying beam steering into MIMO channel
· During test, following UE reported PMI i1,i2
· 
For  : throughput  following the UE reported CRI
·  Configured multiple (K) CSI-RS resources with Class B K>1 CSI reporting
· 
For  : throughput  with fixed CRI
· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed CRI i.e. CRI =0
· Considering with multiple CSI-RS resources or 1 CSI-RS resource, CSI-RS REs overhead in CSI-RS SFs is different. In order to avoid FRC mismatch, scheduled PDSCH was skipped CSI-RS SFs for this test metric.
Beam-forming model
Since beam-forming information on each CSI-RS resource is transparent to UE, power scaling of received power for each CSI-RS resource is a simplified way to verify UE properly selecting CRI. Compared to fixed power scaling method, reported CRI from UE will be slowly varied across all configured CSI-RS resources under dynamic power scaling method. It can verify UE properly tracking channel variation in time domain and avoid UE to pass the test with cheating. 
For detailed dynamic power scaling model, as agreed in last meeting:


· Log scale with A = [5] dB, B = [0] dB
· fs is FFS 
· k = 0,1,2,…,K-1

In order to normalize the scaling power in long time domain as 0 dB to facilitate SNR definition, B was proposed to revise as -1.3351 dB. For power scaling update velocity, we can refer to the definition of  in 36.101 B.2.3A.
Proposal4：Introducing test with dynamic power scaling model with following detailed definition:


· Log scale with A = [5] dB, B = [-1.3351] dB
· 




 controls the phase variation, and the phase for m-th subframe 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 .
· 
is number of configured CSI-RS resources. 
· 

	Variation Step
	Value (rad/subframe)

	

	1.2566×10-3



Test Method 
Step1: Reusing existing 1D cross polarized antenna array i.e. 4Tx/8Tx XP High Channel 
· Physical antennas number equal to Nk (Number of CSI-RS port for each configured CSI-RS resource)
Step2: Applying separate power scaling factor for each CSI-RS resource: for kth CSI-RS resource, each antenna port was mapping to corresponding physical antenna with specific power scaling factor


· j corresponding to physical antenna index, j ={0,1,2,…,Nk-1 }
· k corresponding to CSI-RS resource index (k= {0,1,2,…,Kmax-1})
· 
 corresponding to power scaling factor for kth CSI-RS resource
· 
 [dB] with A = [5], B= -1.3351 dB.
[image: ]
Step 3: Introducing Beam-forming Model for data/DMRS as below
· Beam-forming matrix for data/DMRS can be specified as below:

 
· 
 corresponding to a specific test depending power scaling selection method:
· 
For following UE reporting CRI , then 
· 
For fixed power scaling , then equal to fixed value i.e. 0
· 
For random power scaling, then random selected between [0 ~ K-1]
· For beam direction in horizontal domain and co-phase between two cross polarization groups, either fixed precoder through fixed PMI (i1,i2 ) by codebook set restriction or following UE reporting PMI values  (i1,i2 ) can be considered.
Simulation Assumption
Detailed simulation assumption was given in table below.
	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
	10
	10
	10

	Transmission mode 
	　
	9
	9
	　
	　

	Propagation channel 
	　
	EPA5 
	EPA5 
	EPA5 
	EPA5 

	Precoding granularity 
	PRB 
	50
	50
	50
	50

	Correlation and antenna configuration 
	　
	4x2 XP High  (Note1)
	8x2 XP High (Note1)
	8x2 XP High (Note1)
	8x2 XP High (Note1)

	PMI adaptation  
	　
	Option 1: Fixed PMI 

	
	
	Option 2: Following PMI 

	Cell-specific reference signals 
	　
	Antenna ports 0,1 
	Antenna ports 0,1 
	Antenna ports 0,1 
	Antenna ports 0,1 

	eMIMO-Type  
	　
	Class B 
	Class B 
	Class B 
	Class B 

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

	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  
	　
	{1,1} 
	{1,1} 
	{1,1,1,1} 
	{1,1,1,1,2,2,2,2} 

	CodeBookSubsetRestriction with ID=0 
	　
	Note2 
	Note 3 
	Note 3 
	Note 3 

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

	Reporting mode 
	　
	PUSCH 3-1 
	PUSCH 3-1 
	PUSCH 3-1 
	PUSCH 3-1 

	Reporting interval 
	ms 
	5
	5
	5
	5

	CRI Delay 
	ms 
	8
	8
	8
	8

	 PMI delay  
	ms 
	8
	8
	8
	8

	Measurement channel 
	　
	Option 1:64QAM 1/2 
Option 2: 16QAM 1/2
	Option 1:64QAM 1/2 
Option 2: 16QAM 1/2
	Option 1:64QAM 1/2 
Option 2: 16QAM 1/2
	Option 1:64QAM 1/2 
Option 2: 16QAM 1/2

	Rank Number of PDSCH 
	　
	1
	1
	1
	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 
	SF 0,3,4,8,9 

	Max number of HARQ transmissions 
	　
	4
	4
	4
	4

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

	Note 1: For following PMI approach, beam steering will applied to MIMO channel as specified in TS 36.101 B.2.3A.4. For fixed PMI approach, no beam steering in MIMO channel. 

	Note 2: Under 4Tx, for following PMI:0x0000 0000 0000 FFFF 0000 00FF; for fixed PMI: 0x0000 0000 0000 0001 0000 0001 

	Note 3: Under 8Tx, for following PMI : 0x0000 0000 001F FFE0 0000 0000 FFFF; for fixed PMI: 0x0000 0000 0000 0010 0000 0000 0001 

	


Simulation results
In this chapter, simulation results were given based on simulation assumptions above. For PMI adaption rule, two options were evaluated:
· Option 1: following PMI for both following CRI and fixed CRI=0 with beam steering in channel
· Option 2: Fixed PMI throughout codebook restriction for both following CRI and fixed CRI =0 and no beam steering in channel
For MCS selection, two options were evaluated:
· Option 1: 16QAM 1/2 with Rank1
· Option 2:64QAM 1/2 with Rank1
Following PMI with Beam steering in channel
Figure 1 below summarized absolute throughput performance with different (K, N) combinations under following PMI with 16QAM 1/2. Figure 2 summarized relative throughput ratios between following CRI and fixed CRI=0 and figure 3 showed CRI reporting distribution between [0 ~ K-1] at SNR point which near 70% relative throughput with following CRI. 
Figure 4~6 summarized absolute throughput performance, relative throughput ratios and CRI reporting distributions for 64QAM 1/2 with following PMI.
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Figure1：Absolute Throughput vs. SNR for following PMI (16QAM 1/2)
[image: ]
Figure2： Throughput ratio vs. SNR for following PMI (16QAM 1/2)
[image: ]
Figure3： CRI distribution vs. SNR for following PMI (16QAM 1/2)
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Figure4：Absolute Throughput vs. SNR for following PMI (64QAM 1/2)

[image: ]
Figure5： Throughput ratio vs. SNR for following PMI (64QAM 1/2)
[image: ]
Figure6： CRI distribution vs. SNR for following PMI (64QAM 1/2)
Fixed PMI without Beam steering in channel
Figure 7 below summarized absolute throughput performance with different (K, N) combinations under fixed PMI with 16QAM 1/2. Figure 8 summarized relative throughput ratios between following CRI and fixed CRI=0 and figure 3 showed CRI reporting distribution between [0 ~ K-1] at SNR point which near 70% relative throughput with following CRI. 
Figure 10~12 summarized absolute throughput performance, relative throughput ratios and CRI reporting distributions for 64QAM 1/2 with fixed PMI.

[image: ] Figure7：Absolute Throughput vs. SNR for fixed PMI (16QAM 1/2)
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Figure8： Throughput ratio vs. SNR for fixed PMI (16QAM 1/2)

[image: ]
Figure9： CRI distribution vs. SNR for fixed PMI (16QAM 1/2)
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Figure10：Absolute Throughput vs. SNR for fixed PMI (64QAM 1/2)
[image: ]
Figure11： Throughput ratio vs. SNR for fixed PMI (64QAM 1/2)
[image: ]
Figure12： CRI distribution vs. SNR for fixed PMI (64QAM 1/2)
Analysis
Based on evaluation results in last chapter, we summarized reference SNR points and relative throughput ratios for 16QAM 1/2 and 64QAM 1/2 in table 2 and table 3 below.
Table 2 SNR points and throughput ratio for 16QAM 1/2
	(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

	Following PMI

	90% with follow CRI
	1.8
	1.35
	-1.1
	1.31
	-2.8
	1.62
	-3.0
	1.55

	70% with Fixed CRI
	2.3
	1.31
	-0.8
	1.30
	-0.9
	1.40
	-0.8
	1.45

	Fixed PMI

	90% with follow CRI
	1.6
	1.35
	-1.1
	1.31
	-2.8
	1.62
	-3.0
	1.55

	70% with Fixed CRI
	2.1
	1.31
	-0.8
	1.30
	-0.9
	1.40
	-0.8
	1.45



Table 3 SNR points and throughput ratio for 64QAM 1/2
	(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

	Following PMI

	70% with follow CRI
	3.7
	1.40
	0.9
	1.38
	0.0
	1.61
	-0.2
	1.68

	60% with Fixed CRI
	5.2
	1.36
	2.2
	1.35
	2.2
	1.53
	2.2
	1.55

	Fixed PMI

	70% with follow CRI
	3.4
	1.42
	0.9
	1.38
	0.0
	1.60
	-0.2
	1.68

	60% with Fixed CRI
	5.0
	1.36
	2.2
	1.35
	2.2
	1.53
	2.2
	1.56



PMI selection 
From simulation results, we can observe that both absolute throughput performance and relative throughput ratio are almost the same between following PMI approach and fixed PMI approach. For following PMI with beam steering in channel, transmitting precoder can match with beam in channel if UE correctly reporting PMI. For fixed PMI without beam steering in channel, fixed precoder also match with fixed beam in channel. Considering with following PMI approach, we can jointly verify UE correctly reporting CRI and reporting PMI based on selected CRI. With following PMI approach, more processing complexity was required with large size of candidate precoders as a pressure test.
MCS and reference test point
As summarized in table 2 and table 3:
· For 16QAM 1/2 with following CRI, even at 90% relative throughput point, SNR are around -3.0dB for (K,N) = (4,32) and (8,64) cases and SNR is 1.8dB/-1.1 dB for (K,N) = (2,8)/(2,16) cases. Relative throughput ratios are 1.35, 1.31, 1.62 and 1.55 for different combinations of (K, N). 
· For 64QAM 1/2 with following CRI, at 70% relative throughput point, SNR are around 3.7dB, 0.9, 0.0 and -0.2 for (K,N) = (2,8), (2,16), (4,32) and (8,64) cases. Corresponding throughput ratio are 1.40, 1.38, 1.60 and 1.68.
Considering feasible reference SNR points and enough throughput ratios to discriminate UE performance, we preferred 64QAM 1/2:
 Proposal 5: Choosing 64QAM 1/2 and 70% relative throughput with following CRI as referent test point.
Performance requirements
In table 4 below, we summarize CRI reporting percentiles across all available CRI indexed between [0~ K-1] for specific test case with (K, N) under 64QAM 1/2. We observed that reporting CRI values were almost equally distributed across all candidate values.
Table 4 Reporting CRI percentiles for 64QAM 1/2
	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 6: Introducing below performance requirements for CRI test
	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%~60%
	40%~60%
	15% ~ 35%
	5% ~20%



Conclusion
In this contribution, we give simulation results and detailed test case design for CSI Class B K>1 CRI test.
Proposal1: Introduce a subset of test cases with different (K, Nmax).
	Test number 
	#1-1
	#1-2
	#1-3 
	#1-4

	(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)
Proposal 2: Introducing CRI test under FRC with following PMI for both following CRI and fixed CRI.
Proposal 3: Introducing below test metric definition for throughput ratio between following CRI and fixed CRI:
· 
,
·  Applying beam steering into MIMO channel
· During test, following UE reported PMI i1,i2
· 
For  : throughput  following the UE reported CRI
·  Configured multiple (K) CSI-RS resources with Class B K>1 CSI reporting
· 
For  : throughput  with fixed CRI
· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed CRI i.e. CRI =0
· Considering with multiple CSI-RS resources or 1 CSI-RS resource, CSI-RS REs overhead in CSI-RS SFs is different. In order to avoid FRC mismatch, scheduled PDSCH was skipped CSI-RS SFs for this test metric.
Proposal4：Introducing test with dynamic power scaling model with following detailed definition:


· Log scale with A = [5] dB, B = [-1.3351] dB
· 




 controls the phase variation, and the phase for m-th subframe 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 .
· 
is number of configured CSI-RS resources. 
· 

	Variation Step
	Value (rad/subframe)

	

	1.2566×10-3


Proposal 5: Choosing 64QAM 1/2 and 70% relative throughput with following CRI as referent test point.
Proposal 6: Introducing below performance requirements for CRI test
	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%~60%
	40%~60%
	15% ~ 35%
	5% ~20%
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