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1
Introduction
RAN4#83 agreed with the way forward on the new PMI reporting requirements for CSI-RS Class A in Rel-14 [1]: 
· Introduce two Class A PMI test cases in Rel-14 eFD-MIMO with different antenna ports:
· One test case for wideband PMI reporting 
· Option 1: 28 port with CDM4
· Option 2: 24 port with CDM4
· One test case for sub-band PMI reporting
· 32 port with CDM8
· CSI-RS reduced density for non-precoded CSI-RS resources will be covered by Class A wideband PMI test case
· FFS test applicability
· Pending on UE capability, random selection CSS configuration from UE supported list; and defining minimum performance requirements applicable for all CSS configurations.
· Reusing test metric as Rel-13 Class A PMI test case as baseline
This contribution provides our simulation results and discuss the simulation setup. 
2
Discussion
For the new PMI tests, it was agreed to reuse the same test metric as Rel-13 FD-MIMO PMI test as follows: 
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In the definition of γ, for PUSCH 3-1 single PMI and PUSCH 1-2 multiple PMI requirements, 
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 is [TBD] % of the maximum throughput obtained at 
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 using the precoders configured according to the UE reports, and 
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with random precoding.
2.1
Single PMI test with 24/28 ports

For the single PMI test with 24/28 ports, we performed the simulations with the follow PMI and random PMI based on the settings in Table 1. Regarding the antenna configuration, we choose 2x7, 2x6, and 3x4, considering the largest oversampling factors (O1, O2) = (8, 4).  

Table 1
Simulation parameter for single PMI tests.

	Parameters
	Values

	Antenna configuration
	2x7x8x4 XP
2x6x8x4 XP
3x4x8x4 XP

	MCS
	16QAM 1/2 Rank 1 (MCS13)

16QAM 1/2 Rank 2 (MCS13)

64QAM 1/2 Rank 1 (MCS19)

64QAM 1/2 Rank 2 (MCS19)

	Propagation channel
	EPA5

	Beamforming model
	Annex B.4.3 in TS36.101

	MIMO Channel model
	Extension of Annex B.2.3B in TS36.101

	CDM type
	CDM4

	Cell-specific reference signals 
	Antenna ports 0, 1

	Reporting mode
	PUSCH 3-1

	Transmission mode
	TM9

	CSI-RS reduction
	Disabled


Figure 1 shows the single PMI simulation results for each antenna configuration and MCS combination. It is observed that the follow PMI with 2x7 shows slight better performance compared with 2x6 and 3x4. We guess this comes from larger total number of transmit antennas. For the random PMI results, the configuration with 3x4 is the best performance, followed by 2x7 and 2x6. If we consider the PMI test requirements, however, throughput ratio (gamma) is evaluated at the SNR where 60~90% of maximum throughput is achieved with the follow PMI. At these points, we don’t expect the significant throughput ratio difference.  
Observation 1: For single PMI test, no significant difference of gamma for antenna configurations 2x7, 2x6 or 3x4. 
Regarding the MCS options, it is observed that 16QAM with rank 1 achieves the maximum throughput with SNR=2~3dB. On the other hand, 64QAM with rank 2 does not achieve the maximum throughput even with SNR=18dB. Considering our observation, we prefer to use 16QAM with rank2 or 64QAM with rank1. 
Proposal 1: For single PMI test, adopt 16QAM rank2 or 64QAM rank1 for MCS selection. 
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Figure 1
Simulation results for single PMI test with 24/28 antenna ports. 

2.2
Multiple PMI test with 32 ports

For the multiple PMI test with 32 ports, we performed the simulations with the follow PMI and random PMI based on the settings in Table 2. Regarding the antenna configuration, we choose 2x8 and 4x4, considering the largest oversampling factors (O1, O2) = (8, 4).  

Table 2
Simulation parameter for single PMI tests.

	Parameters
	Values

	Antenna configuration
	2x8x8x4 XP

4x4x8x4 XP

	MCS
	16QAM 1/2 Rank 1 (MCS13)

16QAM 1/2 Rank 2 (MCS13)

64QAM 1/2 Rank 1 (MCS19)

64QAM 1/2 Rank 2 (MCS19)

	Propagation channel
	EVA5

	Beamforming model
	Annex B.4.3

	MIMO Channel model
	Extension of Annex B.2.3B in TS36.101

	CDM type
	CDM8

	Cell-specific reference signals 
	Antenna ports 0, 1

	Reporting mode
	PUSCH 1-2

	Transmission mode
	TM9

	CSI-RS reduction
	Disabled


Figure 2 shows the multiple PMI simulation results for each antenna configuration and MCS combination. For the follow PMI results, we don’t observe significant performance difference between 2x8 or 4x4. On the other hand, the random PMI results with 2x8 is slight better than with 4x4. This means we expect the throughput ratio with 4x4 is slight larger than 2x8.
Observation 2: For multiple PMI test, no significant difference of gamma for antenna configurations 2x8 or 4x4. 

Regarding the MCS options, we observe the same thing as single PMI case; 16QAM with rank 1 achieves the maximum throughput with low SNR levels (SNR=5dB) and 64QAM with rank 2 does not achieve the maximum throughput even with SNR=18dB. Considering our observation, we prefer to use 16QAM with rank2 or 64QAM with rank1. 

Proposal 2: For multiple PMI test, adopt 16QAM rank2 or 64QAM rank1 for MCS selection. 
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Figure 2
Simulation results for multiple PMI test with 32 antenna ports.
2.3
Impacts of frequency domain CSI-RS density reduction
This section investigates the performance impact due to the frequency domain CSI-RS density reduction. Figure 3 is the single PMI simulation results with antenna configuration 2x7x8x4 with EVA5. We set 16QAM rank2 and 64QAM rank1. According to RAN1/RAN2 decision, we investigated the cases CSI-RS is transmitted every PRB (D1), every 2nd PRB (D2) and every 3rd PRB (D3), where PRB offset is fixed to 0. It is observed that D1 shows better then D2 and D3, in lower SNR region. 
Figure 4 is the multiple PMI simulation results with antenna configuration 2x8x8x4 EPA5. We also set 16QAM rank2 and 64QAM rank1. In the case of multiple PMI, D1 is better than D2 and D3, but the performance loss due to the CSI-RS reduction is smaller than single PMI case. 
RAN4 usually specify the throughput ratio (gamma) at the SNR where 60~90% of the maximum throughput is achieved with the follow PMI. In these points, we don’t expect the significant performance difference among three CSI-RS density reduction options. 
Observation 3: Considering the SNR point where 60~90% of the maximum throughput is achieved with follow PMI, the performance impact due to the frequency domain CSI-RS density reduction is small. 
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Figure 3
Follow PMI simulation results of the frequency domain CSI-RS density reduction for single PMI reporting scenario with 2x7x8x4 with 16QAM rank2 and 64QAM rank1. 
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Figure 4
Follow PMI simulation results of the frequency domain CSI-RS density reduction for multiple PMI reporting scenario with 2x8x8x4 with 16QAM rank2 and 64QAM rank1.

3
Conclusion

We share our observation from the Rel-14 PMI Class A simulation results. 
Observation 1: For single PMI test, no significant difference of gamma for antenna configurations 2x7, 2x6 or 3x4. 

Observation 2: For multiple PMI test, no significant difference of gamma for antenna configurations 2x8 or 4x4. 

Observation 3: Considering the SNR point where 60~90% of the maximum throughput is achieved with follow PMI, the performance impact due to the frequency domain CSI-RS density reduction is small. 

Proposal 1: For single PMI test, adopt 16QAM rank2 or 64QAM rank1 for MCS selection. 

Proposal 2: For multiple PMI test, adopt 16QAM rank2 or 64QAM rank1 for MCS selection. 
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Appendix

Table 3
Supported antenna configuration for 20 antenna ports or more (From TS36.213 Table 7.2.4-9)

	Number of CSI-RS antenna ports
	(N1, N2)
	(O1, O2)

	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)
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