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1 Introduction

In last RAN4 meeting, such agreements were achieved for Class A PMI test cases in [1]:
· Introduce PMI test cases for Class A
· Test Metric： 

· Reuse existing PMI test metric, relative throughput ratio between follow PMI and random PMI under FRC test. 

· Follow PMI and random PMI need to be restricted to the codebook and rank informed by the RRC parameters. Rank is based on CSR.
· Test case list： 

· Totally 2 test cases are introduced for CSI class A with one single PMI test case and one multiple PMI test case. 
· One test case is for 12 CSI-RS ports and another one is for 16 CSI-RS ports. 
· Detailed test parameters:
· At least agree candidates on MCS, rank, codebook parameters, and propagation channel by e-mail discussion so that all the companies can run the simulations for the next RAN4#78bis meeting to speed up the progress. 

After email discussion, below combinations were proposed as baseline for initial simulation:

1.          Single PMI test:    12 ports, (N1, N2) = (2, 3), (O1, O2) = (8, 8) or (8, 4), CDM2 or CDM4, codebook configuration =1 or 2, PUSCH 3-1, EPA 5Hz, rank 1 or 2 , 16QAM ½ or 64QAM ½ 

2.           Multiple PMI test: 16 ports, (N1, N2) = (2, 4), (O1, O2) = (8, 8), CDM4, codebook configuration = 1or 3, PUSCH 1-2, EVA 5Hz, rank 1 or rank 2, 16QAM ½ or 64 QAM ½ 

 In this contribution, we would like to give more detailed simulation results in terms of different test parameters and provide our preference for Class A PMI test cases design
2 Test cases for FD-MIMO Class A PMI test
As indicated in agreed WF for UE performance requirements under FD-MIMO [1], detailed test parameters for CSI class A PMI test cases have been discussed through e-mail. And we would like to use following simulation parameters for carrying out initial simulations:
	Parameter
	Unit
	Test 1(Single PMI test)
	Test 2 (Multiple PMI test)

	Bandwidth
	MHz
	10
	10

	Transmission mode
	　
	9
	9

	Propagation channel
	　
	EPA5
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	　
	50
	6

	Correlation and antenna configuration (Note1)
	　
	2D High XP 12 x 2 
(N1,N2,P) = (2,3,2) 
	2D High XP 16 x 2
(N1,N2,P) =(2,4,2)

	Beamforming model
	　
	[TBD]
	[TBD]

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

	CSI reference signals
	
	Antenna ports

15,…,26
	Antenna ports

15,…,30

	　Number of CSI-RS ports
	　
	12
	16

	CDM Type
	　
	Option1: CDM2
Option2: CDM4
	CDM4

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

	NZP-CSI-RS-Configuration-List
	　
	{0,1,2}
	{0,1}

	CSI-Reporting-Type 
	　
	Class A
	Class A

	Codebook-Config-N1
	　
	2
	2

	Codebook-Config-N2
	　
	3
	3

	Codebook-Over-Sampling-RateConfig-O1
	　
	8
	8

	Codebook-Over-Sampling-RateConfig-O2
	　
	Option1: 8
Option2: 4
	8

	Codebook-Subset-SelectionConfig
	　
	Option1: 1
Option2: 2
	Option1: 1
Option2: 3

	R13-Codebook-Subset-Restriction-1
	　
	[TBD]
	[TBD]

	R13-Codebook-Subset-Restriction-2
	　
	[TBD]
	[TBD]

	Reporting mode
	　
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5
	5

	 PMI delay 
	ms
	8
	8

	Measurement channel
	　
	Option1: 16QAM1/2
Option2: 64QAM1/2
	Option1: 16QAM1/2
Option2:  64QAM1/2

	Rank Number of PDSCH
	　
	Option1: 1
Option2: 2
	Option1: 1
Option2: 2

	Max number of HARQ transmissions
	　
	4
	4

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

	Note1: 2D antenna layout, MIMO spatial correlation generation and beam steering approach refer to R4-161224. Taking  alpha_1 = 0.9, alpha_2 = 0.9 as baseline for simulation, interested companies can bring more analysis in next RAN4 meeting.


3 Performance evaluation

Based on the agreed WF, it has been proposed to reuse existing PMI test metric [1]:
·  Reuse existing PMI test metric, relative throughput ratio between follow PMI and random PMI under FRC test. 

· Follow PMI and random PMI need to be restricted to the codebook and rank informed by the RRC parameters. Rank is based on CSR.
In this section, simulation results for single PMI and multiple PMI test cases were provided.
3.1 Single PMI test case
MCS and Rank1

Firstly, we would like to down select the rank and MCS level under CSS 3 and CDM4.The simulation results are listed as following in terms of different combination of rank and MCS.
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Figure 1 Simulation results for single PMI tests (Rank1/CSS3 16QAM1/2 CDM4)
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Figure 2 Simulation results for single PMI tests (Rank1/CSS3 64QAM1/2 CDM4)
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Figure 3 Simulation results for single PMI tests (Rank2/CSS3 16QAM1/2 CDM4)
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Figure 4 Simulation results for single PMI tests (Rank2/CSS3 64QAM1/2 CDM4)
In RAN4 requirements, the required SINR was defined as [70%] relative throughput of the peak throughput with following PMI. Based on this definition, required SINR points for each case are listed in below table. Generally, following Rel-12 e-DL MIMO PMI test cases, we want to cover both Rank1 and Rank2 in different test cases. On the other side, in order to verify UE maximum processing capability, we would like to select Rank2 combined with 16 ports multiple PMI test. Then in order to cover low and medium SNR range for PMI test cases, we observed that 64QAM 1/2 Rank1 is more feasible for 12 Tx single PMI test case.
Table 1 Reference SNR point (70% TP with following PMI) for single PMI test cases
	MCS/Rank
	Single PMI test 

	
	Rank1 

16QAM 1/2
	Rank1 64QAM 1/2
	Rank2 16QAM 1/2
	Rank2 64QAM 1/2

	Required SNR(dB)
	-2.8
	1.7
	3.5
	8.8

	TP ratio  (Following PMI/Random PMI)
	9.8
	7.0
	5.4
	4.1


(O1, O2) 
After down-selected MCS and Rank, we give simulation results with different (O1, O2) = (8,4)/(8,8). Based on simulation results, we observed that absolute performance with (O1, O2) = (8, 8) is better than the case (O1, O2) = (8, 4). Also considering with (O1, O2) = (8,8), we have larger codebook size to verify UE maximum processing complexity.
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Figure 5 Simulation results for single PMI tests (CSS3,O2=4/8,CDM4)
CDM2/CDM4

We also give simulation results with different CDM types (CDM2/CDM4). We observed that the performance difference is negligible between CDM4 and CDM2 CSI configuration.
For CDM type, both CDM2 and CDM4 were introduced based on aggregate CSI-RS recourse methodology. In order to verify UE properly processing rate-matching and antenna port ordering following RAN1 agreements, we prefer introduce one test case under CDM2, another under CDM4.
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Figure 6 Simulation results for single PMI tests (CSS3, O2=8,CDM2/4) 

CSS configuration
Furthermore, we provided simulation results for different CSS configurations. Based on our simulation results, the difference between different CSS configurations is negligible for both absolute throughput performance and relative throughput ratio.
Following RAN1 agreements, UE can indicate its codebook-Config capability with having separated field for each configuration. When we introduce test cases, we need to take care of test applicability considering UE capability for CSS configurations. In order to cover all possible UE capability, ideally we need to introduce each test case with different CSS configuration 1-4. Considering RAN4 work load and test effort, we propose to define performance requirements which applicable for all the CSS configurations. For each test, selecting corresponding CSS configuration based on UE capability.  
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Figure 7 Simulation results for single PMI tests (CSS1/2/3/4,O2=8,CDM4)
Based on above observations and analysis, we propose:
Proposal1: Use Ran1 and 64QAM1/2 for single PMI test.
Proposal2: CDM4/ (O1, O2) = (8,8) for single PMI test.
Proposal3: Test applicability for CSS configuration:
· Define performance requirements which applicable for all the CSS configurations.
· For each test, select corresponding CSS configuration based on UE capability.
3.2   Multiple PMI test case

MCS and Rank

Firstly, we would like to down select the rank and MCS level under CSS 3 and CDM4.The simulation results are listed as following in terms of different combination of rank and MCS.
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Figure 8 Simulation results for multiple PMI tests (Rank1/CSS3 16QAM1/2 CDM4)
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Figure 9 Simulation results for multiple PMI tests (Rank1/CSS3 64QAM1/2 CDM4)
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Figure 10 Simulation results for multiple PMI tests (Rank2/CSS3 16QAM1/2 CDM4)
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Figure 11 Simulation results for multiple PMI tests (Rank2/CSS3 64QAM1/2 CDM4)

Table 2 Reference SNR point for single PMI test cases
	MCS/Rank
	Single PMI test 

	
	Rank1 

16QAM 1/2
	Rank1 64QAM 1/2
	Rank2 16QAM 1/2
	Rank2 64QAM 1/2

	Required SNR
	-4.0
	0.5
	2.2
	8.0

	TP ratio  (Following PMI/Random PMI)
	16.5
	11.0
	8.5
	5.8


The required SINR points for each case are listed in table 2.From the required SINR points, we would like to choose Rank2 64QAM1/2 for Multiple PMI test. 
CSS configurations

Then we would like to present the simulation results under different CSS configurations under 64QAM 1/2 with Rank2 transmission. Based on our simulation results, different CSS configurations would not bring much performance difference and the difference of relative throughput ratio between different CSS configurations is negligible which is in line with previous observations under single PMI test.
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Figure 12 Simulation results for multiple PMI tests (CSS1/2/3/4,O2=8,CDM4)
Alpha values (MIMO channel)
Furthermore, we bring more simulation results for different alpha values for vertical direction (alpha2 fixed as 0.9, beta fixed as 0.9).
From simulation results, we can observe that with highest correlation parameter i.e alpha1 =0.9, both absolute throughput performance and throughput ratio are better than other cases.
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Figure 13 Simulation results for multiple PMI tests (CSS3, O2=8,CDM4,alpha0.9/0.6/0.3)
Based on the simulation results and analysis, we propose:

Proposal4: Use Ran2 and 64QAM1/2 for multiple PMI test.
Proposal5: Use alpha1 as 0.9 to define MIMO channel correlation matrix.
4 Conclusion

In this contribution, simulation results were given for CSI Class A PMI test cases. Based on the simulation results, we propose:
Proposal1: Use Ran1 and 64QAM1/2 for single PMI test.
Proposal2: Use CDM4/(O1,O2)=(8,8) for single PMI test.

Proposal3: Test applicability for CSS configuration:

· Define performance requirements which applicable for all the CSS configurations.
·  For each test, select corresponding CSS configuration based on UE capability. 
 Proposal4: Use Ran2 and 64QAM1/2 for multiple PMI test.

Proposal5: Use aifa1 as 0.9 to define MIMO channel correlation matrix.

5 Reference

[1] R4-161422,” Way forward for performance requirements under FD-MIMO”, 

[2] RAN4 email reflector,   “[Email discussion] test parameters for FD-MIMO CSI class A PMI test cases”
1/10

