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1	Introduction
RAN4#84 agreed with the WF on Rel-14 eFD-MIMO [1] and endorsed the CR on the eFD-MIMO Class A PMI reporting test [2].
· MCS and Rank
· Single PMI test case: 16QAM ½ Rank2
· Multiple PMI test case: 64QAM ½ Rank2
· Reference Test point
· 90% of the maximum throughput with following PMI
In this contribution, we provide the simulation results and discuss the remaining issues.
2	Simulation results (FDD)
2.1	Single PMI test
Figure 1 shows the simulation results for follow PMI and random PMI with/without frequency density reduction for each codebook configuration setting (CCS). For frequency reduction case, we set the offset to 0.  
[image: ][image: ]
[bookmark: _Ref488758870]Figure 1	Simulation results for single PMI test with PUSCH 3-1 (FDD).

Figure 2 shows the throughput ratio (gamma) between the followed PMI and random PMI, and Table 1 summarizes the throughput ratio between the follow PMI and random PMI at SNR test points where the 90% of maximum throughput is achieved with the follow PMI. 
[image: ][image: ]
[bookmark: _Ref488758873]Figure 2	Comparison of throughput ratio of followed PMI and random PMI.

[bookmark: _Ref488760351]Table 1	Summary of single PMI throughput ratio at SNR test points where 90% of maximum throughput is achieved with followed PMI. 
	
	No CSI-RS density reduction
	CSI-RS density reduction 1/3

	
	SNR [dB]
	Gamma
	SNR [dB]
	Gamma

	CCS1
	6.1
	4.40
	6.1
	4.38

	CCS2
	6.9
	3.87
	7.1
	3.54

	CCS3
	6.7
	3.91
	7.0
	3.68

	CCS4
	6.5
	4.26
	6.7
	3.97



2.2	Multiple PMI test
Figure 3 shows the simulation results for follow PMI and random PMI for each codebook configuration setting. Figure 4 shows the throughput ratio between the followed PMI and random PMI, and Table 2 summarizes the throughput ratio between the follow PMI and random PMI at SNR test points where the 90% of the maximum throughput is achieved with the follow PMI.  
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[bookmark: _Ref488763328]Figure 3	Simulation results for multiple PMI test with PUSCH 1-2 (FDD). 
[image: ]
[bookmark: _Ref488763329][bookmark: _Ref352176984]Figure 4	Comparison of throughput ratio of followed PMI and random PMI (FDD). 
[bookmark: _Ref488763470]Table 2	Summary of multiple PMI throughput gain at SNR test points where 90% of maximum throughput is achieved with follow-PMI.
	
	SNR [dB]
	Gamma

	CCS1
	12.1
	6.10

	CCS2
	12.4
	5.90

	CCS3
	12.5
	5.68

	CCS4
	12.5
	5.75




3	Simulation results (TDD)
3.1	Single PMI test
Figure 5 shows the simulation results for follow PMI and random PMI with/without frequency density reduction for each codebook configuration setting. For frequency reduction case, we set the offset to 0.  
[image: ][image: ]
[bookmark: _Ref494634544]Figure 5	Simulation results for single PMI test with PUSCH 3-1 (TDD).

Figure 6 shows the throughput ratio (gamma) between the followed PMI and random PMI, and Table 3 summarizes the throughput ratio between the follow PMI and random PMI at SNR test points where the 90% of maximum throughput is achieved with the follow PMI. 
[image: ][image: ]
[bookmark: _Ref494634565]Figure 6	Comparison of throughput ratio of followed PMI and random PMI.

[bookmark: _Ref494634589]Table 3	Summary of single PMI throughput gain at SNR test points where 90% of maximum throughput is achieved with follow-PMI. 
	
	No CSI-RS density reduction
	CSI-RS density reduction 1/3

	
	SNR [dB]
	Gamma
	SNR [dB]
	Gamma

	CCS1
	5.5
	5.44
	5.8
	4.72

	CCS2
	6.1
	5.85
	7.2
	3.63

	CCS3
	5.9
	4.73
	6.7
	3.80

	CCS4
	5.9
	4.95
	6.3
	4.27



3.2	Multiple PMI test
[bookmark: _GoBack]Figure 7 shows the simulation results for follow PMI and random PMI for each codebook configuration setting. Figure 8 shows the throughput ratio between the followed PMI and random PMI, and Table 4 summarizes the throughput ratio between the follow PMI and random PMI at SNR test points where the 90% of the maximum throughput is achieved with the follow PMI.  

[image: ]
[bookmark: _Ref494634627]Figure 7	Simulation results for multiple PMI test with PUSCH 1-2 (TDD). 

[image: ]
[bookmark: _Ref494634637]Figure 8	Comparison of throughput ratio of followed PMI and random PMI (TDD). 
[bookmark: _Ref494634652]Table 4	Summary of multiple PMI throughput gain at SNR test points where 90% of maximum throughput is achieved with follow-PMI.
	
	SNR [dB]
	Gamma

	CCS1
	12.3
	6.41

	CCS2
	12.8
	5.81

	CCS3
	12.7
	5.85

	CCS4
	12.9
	5.65



4	Regularization factor for channel correlation matrix
The remaining issue is the regularization factor for MIMO correlation matrix. Since the channel correlation matrix should be positive semidefinite, the existing MIMO correlation matrix in TS36.101 ensures the positive semidefinite by applying the regularization factor ‘a’. For Rel-13 MIMO correlation matrix with 2x3x2 or 2x4x2, a=0.00012. 
With eFD-MIMO, RAN4 will introduce further higher correlation matrix with 3x4x2 and 4x4x2. In our simple investigation (all eigenvalues >= 0 or not), it is observed the final channel correlation matrix with 3x4x2 ensures positive semi-definite with a=0.00012, but for 4x4x2, we should set at least a=0.00022.
Observation: a=0.00012 can insure positive semi-definite matrix for 4x3x2, but ‘a’ should be at least 0.00022 for 4x4x2.  
5	Conclusion
In this contribution, we provide the simulation results for Class A PMI test. We have also given the observation for regularization factor for MIMO correlation matrix. 
Observation: a=0.00012 can insure positive semi-definite matrix for 4x3x2, but ‘a’ should be at least 0.00022 for 4x4x2.  
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