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1. Introduction 
In RAN4#96e PMI reporting requirements for larger than 8 TX ports was discussed and way forward [1] and simulation assumptions [2] were agreed. In this contribution we address the open issues and provide simulation results.
2. Discussion
PMI Reporting for Type I 
In RAN4#96e, companies provided simulation results for defining requirements for PMI reporting with Type I codebook for 16, 32 TX ports. For the simulation results agreed in [2], we provide results for PMI reporting with 16, 32 TX ports
Table 1: Simulation results for Type I PMI reporting
	Duplex Mode
	Antenna Config
	SNR @ 90% Max TP
	TP Gain

	FDD
	16x2
	12.14
	3.34

	
	16x4
	8.03
	4.24

	
	32x2
	11.16
	8.04

	
	32x4
	6.47
	10.55

	TDD
	16x2
	14.18
	2.93

	
	16x4
	9.26
	3.81

	
	32x2
	9.93
	10.20

	
	32x4
	5.50
	14.02



Based on the results, and taking into account implementation margin, we propose the following values for TP gain to define the requirements.
Table 2: Proposed TP gain to define requirements
	Antenna Config
	TP Gain

	16x2
	2

	16x4
	2.5

	32x2
	5.2

	32x4
	6.5



Proposal #1: To define requirements for PMI reporting for 16,32 TX with Type I PMI consider the above values

PMI Reporting for Type II 
In [1] the open issues related to PMI reporting with Type II codebook are:
	Test setup
· Option 1: Only use SU-MIMO test setup, i.e., one tested UE
· Option 2: MU-MIMO based test setup,  i.e., one tested UE + one co-scheduled UE (generated by TE)
· Option 3: Using SU-MIMO set-up to Introduce PMI test cases. Meanwhile a MU-MIMO setup based demodulation test with test metric of either follow PMI based or random PMI based throughput can be introduced 

Simulation Parameters (for SU-MIMO setup)

· SubbandAmplitude
· Option 1: False
· Option 2: True
· PMI-FormatIndicator
· Option 1: Wideband
· Option 2: Subband
· MIMO correlation
· Option 1: XP High
· Option 2: XP Medium
· Subband size
· Option 1: 4 for FDD and 8 for TDD
· Option 2: 8 for FDD and 16 for TDD

· Implementation of Random Type II PMI
· Beam randomization:
· Option 1: Randomly select a beam combination from a set which include all possible beam combinations 
· Option 2: Limit the set of possible beams to the possible beams under the configuration of following PMI 
· Amplitude and phase coefficient randomization:
· Option 1: For each weighting coefficient, independently and randomly chose an amplitude quantization gear and a phase quantization gear. To at least ensure one of the weighting coefficients is quantized as the highest grade, phase quantization is 0 gear and its position at 2L is randomly generated.




Test Setup
In RAN4#96e, there was an extensive discussion on the test setup for test cases with Type II codebook. Some of the agreements regarding the setup captured in [1] were:
· The baseline receiver assumption is UE without interference cancellation capability with/without co-scheduled UE.
· Under the baseline UE receiver assumption, the PMI calculation processing will not change with and without co-scheduled UE.
· The test purpose of such requirements is to verify UE PMI reporting accuracy following NW configuration with RAN1 feature: (enhanced) type II codebook 
· There is no restriction for gNB scheduling with such requirements. 
· RAN4 need to ensure UE reporting PMI follow Type II codebook other than Type I codebook under proper test set-up either with MU-MIMO set-up or SU-MIMO set-up.
· We need to ensure the performance requirements with proper test set-up as receiver implementation agonistic manner i.e. no punishment for advanced receiver with inference cancellation capability.
The purpose of introducing PMI reporting requirements with Type II codebook is to verify PMI reporting by the UE with Type II codebook. Type II codebook was designed to be used in MU-MIMO scenario. But the gains from Type II codebook in a MU-MIMO setup would only be realized from a system level when we have multiple UEs and the overall system throughput is improved. For a link level assessment, we don’t believe that MU-MIMO test setup would have significant improvement in performance over SU-MIMO setup. 
For the purpose of verifying UE reporting of Type II PMI with SU-MIMO setup, we compare performance of UE reporting of Type II PMI, UE reporting of incorrect Type II PMI and reporting of Type I PMI for the same propagation conditions and PMI format.
Simulation Assumptions:
MCS: 20; Rank: 2
Duplex Mode: FDD
Channel Model: TDLA30-5Hz
Antenna Correlation: XP-Medium
Antenna config: 16x2
L (Number of beams): 2
Npsk (phaseAlphabetSize): 8
SubbandAmplitude: True
PMI-FormatIndicator: Subband
Subband Size: 8

Table 3: PMI Reporting with SU-MIMO setup
	16x2; SB PMI
	Type II PMI
	Incorrect Type II PMI
	Type I PMI

	SNR @ 90% Max TP
	12.2
	23.0
	14.5

	TP Gain Vs Random PMI
	3.6
	1.25
	2.4



The results for correctly reporting Type II PMI is significantly better than incorrect Type II PMI and also better than Type I PMI with SU-MIMO setup.
Observation #1: With SU-MIMO setup performance with correctly reported Type II PMI is significantly better than incorrect Type II PMI reporting.
Observation #2: With SU-MIMO setup performance of Type II PMI is better than Type I PMI.
Based on the observations above, we propose to use SU-MIMO test setup for defining requirements for PMI reporting with Type II codebook and enhanced Type II codebook in Rel-16.
Proposal #2: Define PMI reporting requirements in Rel-16 with SU-MIMO test setup for Type II and enhanced Type II codebook.
Test Parameters 
For the baseline simulation assumptions agreed in [2], we evaluate performance in SU-MIMO test setup for Type II codebook. 
The key simulation parameters:
MCS: 20; Rank: 2
Duplex Mode: FDD
Channel Model: TDLA30-5Hz
Number of CSI-RS ports: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4)
L (Number of beams): 2
Npsk (phaseAlphabetSize): 8
SubbandAmplitude: False; True
PMI-FormatIndicator: Subband; Wideband
Antenna Correlation: XP-Medium, XP-High

Simulation results for SB PMI with XP-Medium and XP-High antenna correlation are summarized in Table 4. 
Table 4: Type II PMI reporting with SB PMI
	Ant Corr
	SB Amp
	SNR @ 90%
	TP Gain

	XP-Med
	FALSE
	12.37
	3.47

	
	TRUE
	12.16
	3.57

	XP-High
	FALSE
	13.51
	3.34

	
	TRUE
	13.41
	3.36



Comparing results for SB PMI reporting with XP-Medium and XP-High antenna correlation, we observe better performance with XP-Medium and hence propose to introduce requirements with XP-medium antenna correlation.
Observation #3: Antenna correlation of XP-Medium gives better performance than XP-High for Type II PMI reporting.
Simulation results for WB PMI with XP-Medium and XP-High antenna correlation are summarized in Table 6. 
Table 5: Type II PMI reporting with WB PMI
	Ant Corr
	SNR @ 90%
	TP Gain

	XP-Med
	13.23
	2.85

	XP-High
	13.58
	3.17


			
Comparing performance between subband and wideband PMI reporting, SB PMI is better and hence propose to define requirements with SB PMI.
Observation #4: Subband PMI reporting gives better performance than wideband PMI reporting for Type II PMI reporting.
Assuming subband PMI reporting and XP-Med antenna correlation, the results from Table 4 show better performance with SB amplitude TRUE.
Observation #5: For SB PMI reporting and XP-Medium antenna correlation, with SB amplitude TRUE gives better performance.
Based on the observations above, we propose to define PMI reporting requirements with the following parameters:
· SubbandAmplitude: True
· PMI-FormatIndicator: Subband
· MIMO correlation: XP Medium
· Subband size: 4 for FDD and 8 for TDD

Proposal #3: For Type II codebook, introduce requirements with SU-MIMO test setup with the following assumptions:
Antenna Correlation: XP-Medium
PMI format Indicator: Subband
Subband Amplitude: TRUE 
Subband size: 4 for FDD and 8 for TDD

Random PMI generation for Type II
For random PMI generation for type II codebook, options were discussed in RAN4#96e. In order to evlaute and define requirements with similar method of random PMI generation, we propose to implement random PMI generation with:
· Beam randomization: Limit the set of possible beams to the possible beams under the configuration of following PMI 
· Amplitude and phase coefficient randomization: For each weighting coefficient, independently and randomly chose an amplitude quantization gear and a phase quantization gear. To at least ensure one of the weighting coefficients is quantized as the highest grade, phase quantization is 0 gear and its position at 2L is randomly generated.

Proposal #4: Implement random PMI with limiting the set of possible beams under the configuration of follow PMI.
3. Conclusion
In this paper, we provide simulation results and our views on the remaining open issues related to PMI reporting with larger number of TX ports with Type I and Type II codebook. Our observations and proposals are captured below:
Proposal #1: Proposed value for TP gain for defining requirements for PMI reporting for 16,32 TX with Type I PMI
	Antenna Config
	TP Gain

	16x2
	2

	16x4
	2.5

	32x2
	5.2

	32x4
	6.5



Observation #1: With SU-MIMO setup performance with correctly reported Type II PMI is significantly better than incorrect Type II PMI reporting.
Observation #2: With SU-MIMO setup performance of Type II PMI is better than Type I PMI.
Proposal #2: Define PMI reporting requirements in Rel-16 with SU-MIMO test setup for Type II and enhanced Type II codebook.
Observation #3: Antenna correlation of XP-Medium gives better performance than XP-High for Type II PMI reporting.
Observation #4: Subband PMI reporting gives better performance than wideband PMI reporting for Type II PMI reporting.
Observation #5: For SB PMI reporting and XP-Medium antenna correlation, with SB amplitude TRUE gives better performance.
Proposal #3: For Type II codebook, introduce requirements with SU-MIMO test setup with the following assumptions:
Antenna Correlation: XP-Medium
PMI format Indicator: Subband
Subband Amplitude: TRUE 
Subband size: 4 for FDD and 8 for TDD

Proposal #4: Implement random PMI with limiting the set of possible beams under the configuration of follow PMI.
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