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1
Introduction
RAN4#78 discussed the simulation assumption for CSI-RS Class A test and agreed the way forward [1]. RAN4 have also discussed the detailed simulation assumption in the RAN4 reflector. We show our simulation results based on the parameters listed in the RAN4 reflector.
2
Single PMI test

In this section we show the simulation result for the single PMI test with PUSCH 3-1. The used parameters are shown in the Appendix. Regarding the correlation factor for BS correlation matrix in the MIMO correlation matrix, we set 0.9 for both vertical and horizontal direction [2]. Note the beam-forming model is not applied.
2.1
Antenna configuration 2x3x8x8

Figure 1 and Figure 2 show the simulation results of antenna configuration 2x3x8x8 with configuration 1 and 2 and CDM2 and CDM4 for all the MCS options. The left figures show throughput and the right figures show the throughput ratio between follow PMI and random PMI. 
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Figure 1
Single PMI test with 2x3x8x8 configuration. Rank 1. 16QAM (upper) and 64QAM (lower).
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Figure 2
Single PMI test with 2x3x8x8 configuration. Rank 2. 16QAM (upper) and 64QAM (lower).
2.2
Antenna configuration 2x3x8x4
Figure 3 and Figure 4 show the simulation results of antenna configuration 2x3x8x4 with configuration 1 and 2 and CDM2 and CDM4 for all the MCS options. The left figures show throughput and the right figures show the throughput ratio between follow PMI and random PMI. 
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Figure 3
Single PMI test with 2x3x8x4 configuration. Rank 1. 16QAM (upper) and 64QAM (lower).
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Figure 4
Single PMI test with 2x3x8x4 configuration. Rank 2. 16QAM (upper) and 64QAM (lower).
2.3
Antenna configuration 8x1x8x-
Figure 5 and Figure 6 show the simulation results of antenna configuration 8x1x8x- with configuration 1 and CDM2 and CDM4, for all the MCS options. The left figures show throughput and the right figures show the throughput ratio between follow PMI and random PMI. 
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Figure 5
Single PMI test with 8x1x8x- configuration. Rank 1. 16QAM (upper) and 64QAM (lower).
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Figure 6
Single PMI test with 8x1x8x- configuration. Rank 2. 16QAM (upper) and 64QAM (lower).

2.4
Observation

For the rank 1 case, CDM4 shows higher throughput than CDM2 regardless of the codebook configuration in lower SNR region and therefore the throughput ratio with CDM4 is slight higher than CDM2. For rank 2 cases, on the other hand, codebook configuration 2 shows better throughput than configuration 1 regardless of the CDM type in lower SNR region and therefore the throughput gain for codebook configuration 2 is higher than configuration 1. 
Table 1 summarizes the simulation results, where we show the SNR to achieve 70% of the maximum throughput with follow PMI and throughput gain between the follow PMI and random PMI at the SNR test point. 

When we observe the throughput gain of follow PMI and random PMI, throughput gain with rank 1 is very high (>6.0) compared with rank 2 case. 
Table 1
SNR to achieve 70% of maximum throughput with follow PMI, and throughput gain between the follow PMI and random PMI at SNR achieving 70% of maximum throughput.
	
	
	
	SNR of 70% of max throughput [dB]
	Throughput ratio of follow PMI and random PMI

	
	
	
	Rank 1
	Rank 2
	Rank 1
	Rank 2

	
	
	
	16QAM
	64QAM
	16QAM
	64QAM
	16QAM
	64QAM
	16QAM
	64QAM

	2x3x8x8
	Conf 1
	CDM 2
	-2.5
	0.5
	3.5
	9.4
	6.1
	6.9
	5.1
	3.2

	
	
	CDM 4
	-4.0
	0.2
	3.3
	9.4
	10.2
	7.3
	5.1
	3.3

	
	Conf 2
	CDM 2
	-2.5
	0.5
	4.7
	10.4
	6.8
	7.1
	3.7
	2.7

	
	
	CDM 4
	-4.0
	0.2
	4.5
	10.3
	12.0
	7.8
	3.8
	2.7

	2x3x8x4
	Conf 1
	CDM 2
	-2.5
	0.5
	3.5
	9.4
	6.5
	7.0
	4.9
	3.3

	
	
	CDM 4
	-3.9
	0.2
	3.4
	9.4
	11.1
	7.6
	5.0
	3.4

	
	Conf 2
	CDM 2
	-2.4
	0.5
	4.7
	10.4
	6.2
	6.6
	3.6
	2.7

	
	
	CDM 4
	-3.9
	0.2
	4.5
	10.4
	10.8
	7.0
	3.8
	2.7

	8x1x8x-
	Conf 1
	CDM 2
	-2.6
	-0.4
	2.1
	8.1
	8.3
	15.3
	9.5
	7.2

	
	
	CDM 4
	-4.6
	-0.9
	2.0
	8.1
	16.6
	17.7
	9.8
	6.9


3
Multiple PMI test
In this section we show the simulation result for multiple PMI test with PUSCH 1-2. The used parameters are shown in the Appendix. Regarding the correlation factor for BS correlation matrix in the MIMO correlation matrix, we set 0.9 for both vertical and horizontal direction [2]. Note the beam-forming model is not applied.

3.1
Antenna configuration 2x4x8x8

Figure 7 and Figure 8 show the simulation results of antenna configuration 2x4x8x8 with CDM2 and CDM4 for all the MCS options. We also compare two fading channel options: EVA5 and ETU5. The left figures show throughput and the right figures show the throughput ratio between follow PMI and random PMI. Note the codebook configuration is set to 3 only. 
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Figure 7
Multiple PMI test with 2x4x8x8- configuration. Rank 1. 16QAM (upper) and 64QAM (lower).
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Figure 8
Multiple PMI test with 2x4x8x8- configuration. Rank 2. 16QAM (upper) and 64QAM (lower).
3.2
Antenna configuration 2x3x8x8

Figure 9 and Figure 10 show the simulation results of antenna configuration 2x3x8x8 with CDM2 and CDM4 for all the MCS options. We also compare two fading channel options: EVA5 and ETU5. The left figures show throughput and the right figures show the throughput ratio between follow PMI and random PMI. Note the codebook configuration is set to 3 only.
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Figure 9
Multiple PMI test with 2x3x8x8- configuration. Rank 1. 16QAM (upper) and 64QAM (lower).
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Figure 10
Multiple PMI test with 2x3x8x8- configuration. Rank 2. 16QAM (upper) and 64QAM (lower).
3.3
Observation

For rank 1, it is observed that CDM4 shows better throughput than CDM2 in lower SNR region regardless of fading channel. 
For rank 2, CDM4 shows better throughput than CDM2 in lower SNR region regardless of fading channel options, but in higher SNR region, EVA5 shows better throughput than ETU5 regardless of CDM types.

When we observe the throughput gain of follow PMI and random PMI, throughput gain with rank 1 is very high compared with rank 2 as well as single PMI test.
Table 2
SNR to achieve 70% of maximum throughput with follow PMI, and throughput gain between the follow PMI and random PMI at SNR achieving 70% of maximum throughput.
	
	
	
	SNR of 70% of max throughput [dB]
	Throughput ratio of follow PMI and random PMI

	
	
	
	Rank 1
	Rank 2
	Rank 1
	Rank 2

	
	
	
	16QAM
	64QAM
	16QAM
	64QAM
	16QAM
	64QAM
	16QAM
	64QAM

	2x4x8x8
	EVA5
	CDM 2
	-2.4
	0.7
	3.2
	10.3
	7.5
	10.0
	7.0
	3.8

	
	
	CDM 4
	-4.1
	0.3
	3.0
	10.2
	14.4
	11.1
	7.1
	3.7

	
	ETU5
	CDM 2
	-2.3
	1.4
	4.0
	13.0
	8.3
	9.0
	6.4
	2.9

	
	
	CDM 4
	-3.7
	1.0
	3.9
	13.0
	13.9
	9.4
	6.6
	2.9

	2x3x8x8
	EVA5
	CDM 2
	-2.4
	1.2
	3.8
	10.7
	6.8
	6.1
	4.7
	2.7

	
	
	CDM 4
	-3.5
	0.9
	3.7
	10.7
	9.8
	6.5
	4.6
	2.9

	
	ETU5
	CDM 2
	-2.0
	2.0
	4.8
	13.4
	6.8
	5.4
	4.2
	2.2

	
	
	CDM 4
	-3.2
	1.6
	4.7
	13.3
	10.6
	6.0
	4.2
	2.3


4
Discussion
We have shown our simulation result for CSI-RS Class A.
For the metric of PMI test for FD-MIMO, we could use the throughput gain as same as the existing PMI test, however, it is observed the gain is very high in general. We think too high gain scenario should be avoided because the high throughput ratio comes from the bad random PMI performance. For example, our simulation result shows the BLER for the random PMI at SNR for 70% maximum throughput for the follow PMI is 90% or more. RAN4 should think about it is suitable metric for PMI test.
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Appendix

	Parameter
	Unit
	Test 1(Single PMI test)
	Test 2 (Multiple PMI test)

	Bandwidth
	MHz
	10
	10

	Transmission mode
	 
	9
	9

	Propagation channel
	 
	EPA5
	Option 1: EVA5
Option2: ETU5

	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
	Antenna ports

	
	
	15,…,26
	15,…,30

	 
	 
	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
	 
	Option 1: 2
Option 2: 8
	2

	Codebook-Config-N2
	 
	Option 1: 3
Option 2: 1
	Option 1: 4

Option 2: 3

	Codebook-Over-Sampling-RateConfig-O1
	 
	8
	8

	Codebook-Over-Sampling-RateConfig-O2
	 
	Option 1: 8
Option 2: 4
Option 3: 1
	8

	Codebook-Subset-SelectionConfig
	 
	Option1: 1 (Not applicable for O2=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 approch refer to R4-161224. Taking  alpha_1 = 0.9, alpha_2 = 0.9 as baseline for simulation, intersted companies can bring more anlysis in next RAN4 meeting.
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