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1. Introduction
[bookmark: _Hlk23777097]In RAN4#92bis PMI test cases for 16 and 32 TX ports were discussed and way forward [1] was agreed. Simulation assumptions for PMI reporting requirements for more than 8 TX ports was agreed in [2] and companies were encouraged to bring simulation results in RAN4#93. In this contribution we present simulation results for PMI tests with 16, 32 TX ports.
2. Simulation Results
2.1 16 TX ports FDD
For simulation parameters agreed in [2] we present results with 16 TX ports for FDD mode.

2.1.1 Wideband PMI
Results for wideband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 1: 16x2; Wideband PMI; 2 layers

[image: ]
Figure 2: 16x4; Wideband PMI; 2 layers


Table 1: TP Gain with 16 TX WB PMI
	Wideband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	16x2
	3.7

	
	16x4
	5.2



Results for wideband PMI with 4 MIMO layers are presented below.
[bookmark: _Hlk23778453][image: ]
Figure 3: 16x4; Wideband PMI; 4 layers

With high antenna correlation and 4 layers, maximum throughput is not achieved with 16 TX ports. Also, there is no additional value from introducing a test with rank 4.
[bookmark: _Hlk23778636]Observation #1: With high antenna correlation and 4 layers maximum throughput is not achieved with 16 TX ports

2.1.2 Subband PMI
Results for subband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 4: 16x2; Subband PMI; 2 layers
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Figure 5: 16x4; Subband PMI; 2 layers

Table 2: TP Gain with 16 TX SB PMI
	Subband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLB-100-10Hz; XPL-High
MCS:20
2 layers
	16x2
	3.4

	
	16x4
	4.5



With 16 TX ports, the throughput gains are measurable with subband PMI with 2and 4RX antenna.
Observation #2: With 16 TX ports the throughput gains are measurable with subband PMI for 2 and 4RX

2.2 16 TX ports TDD
For simulation parameters agreed in [2] in this section we present results with 16 TX ports for TDD mode.

2.2.1 Wideband PMI
Results for wideband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 6: 16x2; Wideband PMI; 2 layers
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Figure 7: 16x4; Wideband PMI; 2 layers


Table 3: TP Gain with 16 TX WB PMI
	Wideband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	16x2
	4.1

	
	16x4
	5.0



2.2.2 Subband PMI
Results for subband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 8: 16x2; Subband PMI; 2 layers
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Figure 9: 16x4; Subband PMI; 2 layers

Table 4: TP Gain with 16 TX SB PMI
	Subband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLB-100-10Hz; XPL-High
MCS:20
2 layers
	16x2
	3.8

	
	16x4
	5.4




2.3  32 TX ports FDD
For simulation parameters agreed in [2] in this section we present results with 32 TX ports for FDD mode.

2.3.1 Wideband PMI
Results for wideband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 10: 32x2; Wideband PMI; 2 layers
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Figure 11: 32x4; Wideband PMI; 2 layers

Table 5: TP Gain with 32 TX WB PMI
	Wideband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	32x2
	10

	
	32x4
	13.5



2.3.2 Subband PMI
Results for subband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 12: 32x2; TDLB-100; Subband PMI; 2 layers

[image: ]
Figure 13: 32x4; TDLB-100; Subband PMI; 2 layers
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Figure 14: 32x2; TDLA-30; Subband PMI; 2 layers
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Figure 15: 32x4; TDLA-30; Subband PMI; 2 layers

Table 8: TP Gain with 32 TX SB PMI
	Subband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLB-100-10Hz; XPL-High
MCS:20
2 layers
	32x2
	>20

	
	32x4
	>20

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	32x2
	14

	
	32x4
	>20


The gain with subband PMI with 32 TX ports is very high not measurable with TDLA-30 or TDLB-100 channel models. 
Observation #3: The throughput gain with 32 TX and subband PMI is high and not measurable in a test
2.4  32 TX ports TDD
For simulation parameters agreed in [2] in this section we present results with 32 TX ports for TDD mode.

2.4.1 Wideband PMI
Results for wideband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 16: 32x2; Wideband PMI; 2 layers
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Figure 17: 32x4; Wideband PMI; 2 layers
Table 7: TP Gain with 32 TX WB PMI
	Wideband PMI
	Antenna Config
	Gain @ 90%Max TP

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	32x2
	10

	
	32x4
	15



2.4.2 Subband PMI
Results for subband PMI with 2 MIMO layers with 2 and 4 RX antenna are presented below.
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Figure 18: 32x2; TDLB-100; Subband PMI; 2 layers
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Figure 19: 32x4; TDLB-100; Subband PMI; 2 layers
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Figure 20: 32x2; TDLA-30; Subband PMI; 2 layers
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Figure 21: 32x4; TDLA-30; Subband PMI; 2 layers

Table 8: TP Gain with 32 TX SB PMI
	Subband PMI
	Antenna Config
	Gain @ 90%Max TP

	[bookmark: _Hlk23773846]TDLB-100-10Hz; XPL-High
MCS:20
2 layers
	32x2
	>20

	
	32x4
	>20

	TDLA-30-10Hz; XPL-High
MCS:20
2 layers
	32x2
	20.7

	
	32x4
	>20



3. [bookmark: _GoBack]Conclusion
In this paper we present simulation results for PMI tests with 16 and 32 TX ports. We recommend that RAN4 considers our results in defining requirements for PMI tests with larger than 8 TX ports. We also have the following observations:
Observation #1: With high antenna correlation and 4 layers maximum throughput is not achieved with 16 TX ports
Observation #2: With 16 TX ports the throughput gains are measurable with subband PMI for 2 and 4RX
Observation #3: The throughput gain with 32 TX and subband PMI is high and not measurable in a test
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