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1	Introduction
RAN4#108 agreed with the way forward on UE demodulation and CSI requirements for FR2 multi-Rx DL reception [1]. This contribution discusses the open issues on the PMI reporting requirements with FR2 UE multi-Rx reception scenario.
2	Discussion
2.1	Test parameters
RAN4 has agreed to define PMI reporting requirements with sDCI-based SDM transmission scheme for multi-Rx reception scenario, where PDSCH is transmitted with single layer per TRP, and 2 CSI-RS ports configured per TRP. Table 1 summarizes our understanding of current PMI test assumption, although there are many opens issues such as antenna configuration and TDD UL/DL pattern.  
[bookmark: _Ref145426591]Table 1	Test parameters for PMI reporting tests. 
	Parameter
	Unit
	Value

	
	
	TRxP #1
	TRxP #2

	Antenna configuration per TRP per Rx panel
	
	Option 1: 2x2 ULA low
Option 2: 2x2 XP high 
	Option 1: 2x2 ULA low
Option 2: 2x2 XP high

	Propagation channel
	
	TDLA30-75
	TDLA30-75

	DMRS ports
	
	1000
	1002

	CSI-RS ports
	
	2 ports
	2 ports

	Inter-TRP cross talk levels
	
	Option 1: No cross talk
Option 2: -15dB
Option 3: -9dB

	Transmit TRP of SSB
	
	TRxP #1

	Duplex mode
	
	TDD

	TDD DL-UL configurations
	
	Option 1: FR2.120-2 (DDSU)
Option 2: FR2.120-1 (DDDSU)

	Bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Active DL BWP index
	
	1

	Beamforming Model
	
	As specified in Annex B.4.1 of TS 38.101-4

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.375ms for TDD pattern DDSU 
1.75ms for TDD pattern DDDSU 

	PTRS configuration
	
	Option 1: One PTRS port across TRPs 
Option 2: One PTRS port for each TRP

	Maximum number of HARQ transmission
	
	4

	PDSCH transmission scheme
	
	sDCI-based SDM

	PDSCH DMRS configuration
	
	Type 1, 1+1

	 PDSCH rank
	
	1 per TRP

	MCS table
	
	Table 1 (64QAM)

	MCS index
	
	MCS index 13 (16QAM, 0.48)



2.2	Evaluation results
[bookmark: _Ref146266442]Table 2	Summary of PMI reporting tests.
	
	
	
	
	Metric 1
	Metric 2

	Test number
	Antenna configuration
	TDD pattern
	Cross talk
	γ at SNR corresponding to 90% of peak rate with follow PMI
	Maximum Throughput ratio of follow PMI and random PMI (γ)
	Corresponding SNR - X (%) of peak rate with follow PMI

	1-1-1
	2x2 ULA low
	DDSU
	None
	1.12
	1.21
	71%

	1-1-2
	
	(1.375ms)
	-15dB
	1.07
	1.22
	68%

	1-1-3
	
	
	-9dB
	1.08
	1.21
	71%

	1-2-1
	
	DDDSU
	None
	1.04
	1.13
	66%

	1-2-2
	
	(1.75ms)
	-15dB
	1.03
	1.17
	65%

	1-2-3
	
	
	-9dB
	1.01
	1.15
	66%

	2-1-1
	2x2 XPOL high
	DDSU
	None
	1.10
	1.22
	71%

	2-1-2
	(alpha=beta=0.9)
	(1.375ms)
	-15dB
	1.09
	1.23
	68%

	2-1-2
	gamma=0.3
	
	-9dB
	1.10
	1.14
	57%

	2-2-1
	
	DDDSU
	None
	1.02
	1.18
	68%

	2-2-2
	
	(1.75ms)
	-15dB
	1.01
	1.20
	65%

	2-2-3
	
	
	-9dB
	0.99
	1.19
	67%



Table 2 summarizes our simulation results. For PMI reporting tests, RAN4 usually uses test metric as a throughput ratio γ=tue/trnd, where tue is 90% of the maximum throughput obtained at SNRue using the precoders configured according to the UE ports, and tue is the throughput measured at SNRue with random precoding. 
Metric 1 in the table shows the traditional metric, that is, γ at SNR corresponding to 90% of peak rate with follow PMI. It is observed from the results that, however, it is observed the largest γ is 1.12 for test 1-1-1 (ULA, DDSU, no cross talk). Considering the margin, we expect the final test threshold is close to 1.0, for example, 1.05 or less.
Observation 1: The largest γ at SNR corresponding to 90% of peak rate with follow PMI is given for 2x2 ULA, DDSU, no cross talk, but result γ is low, 1.12.
Metric 2, alternatively, gives the maximum γ and corresponding SNR test points. For example, the maximum γ is 1.21 for test 1-1-1 at SNR corresponding to X=71% of peak with follow PMI. We have the following observation from Metric 2.
Observation 2: Throughput ratio with DDSU is higher than with DDDSU.
Observation 3: The maximum γ is given at SNR test points around 70% of peak rate with follow PMI. 
Observation 4: No significant performance difference between 2x2 ULA and 2x2 XPOL.
Observation 5: No significant performance difference among cross talk levels.
We think the purpose of the PMI reporting test is to verify the proper precoder estimation per Rx chain. Also, the impacts due to the cross talk factor should be verified with PDSCH demodulation requirements. Based on the observation, we have the following proposals. 
Proposal 1: Choose 2x2 ULA, DDSU, No cross talk for PMI reporting tests.
Proposal 2: Set test metric as , where  is [70] % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding.
For reference, Figure 1 through Figure 6 in Appendix show our simulation results. 

2.3	PTRS configuration
	· Further evaluate both cases: one PTRS port across TRPs and one PTRS port for each TRP 
· Companies are encouraged to evaluate the performance impact and decide suitable parameters for each case.
· Test applicable rules can be considered based on UE capability.



Since the PMI reporting tests assume to use sDCI-based SDM schemes for PDSCH transmission, we think PTRS configuration discussed in PDSCH demodulation discussion should be applicable for the PMI reporting tests. As we have shown in our PDSCH simulation results [2], the degradation due to the phase noise is up to 0.2dB. Considering the support of 2-port DL PT-RS for sDCI-based SDM scheme is optional capability, we propose to configure one PTRS port across TRPs for PMI reporting test also.
Proposal 3: Configure one PTRS port across TRPs for PMI reporting tests, as same as PDSCH demodulation requirements with sDCI-based SDM scheme.
3	Summary
Observation 1: The largest γ at SNR corresponding to 90% of peak rate with follow PMI is given for 2x2 ULA, DDSU, no cross talk, but result γ is low, 1.12.
Observation 2: Throughput ratio with DDSU is higher than with DDDSU.
Observation 3: The maximum γ is given at SNR test points around 70% of peak rate with follow PMI. 
Observation 4: No significant performance difference between 2x2 ULA and 2x2 XPOL.
Observation 5: No significant performance difference among cross talk levels.
Proposal 1: Choose 2x2 ULA, DDSU, No cross talk for PMI reporting tests.
Proposal 2: Set test metric as , where  is [70] % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding.
Proposal 3: Configure one PTRS port across TRPs for PMI reporting tests, as same as PDSCH demodulation requirements with sDCI-based SDM scheme.
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	(a) DDSU
	(b) DDDSU


[bookmark: _Ref146266787]Figure 1	PMI reporting simulation results: 2x2 ULA, No cross talk. 
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	(a) DDSU
	(b) DDDSU


Figure 2	PMI reporting simulation results: 2x2 ULA, ρ=-15dB
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	(a) DDSU
	(b) DDDSU


Figure 3	PMI reporting simulation results: 2x2 ULA, ρ=-9dB
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	(a) DDSU
	(b) DDDSU


Figure 4	PMI reporting simulation results: 2x2 XPOL, No cross talk. 
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	(a) DDSU
	(b) DDDSU


Figure 5	PMI reporting simulation results: 2x2 XPOL, ρ=-15dB
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	(a) DDSU
	(b) DDDSU


[bookmark: _Ref146266793]Figure 6	PMI reporting simulation results: 2x2 XPOL, ρ=-9dB
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