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1	Introduction
RAN4#109 agreed with the way forward on UE demodulation and CSI requirements for FR2 multi-Rx DL reception [1] and endorsed the draft CRs for PMI reporting requirements [2][3]. 
This contribution shows our simulation results and 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 the PMI reporting requirements using the sDCI-based SDM transmission scheme for multi-Rx reception scenario, where PDSCH is transmitted with single layer per TRP, and 2 CSI-RS ports are configured per TRP. Table 1 summarizes the current PMI test assumption according to [1].  
[bookmark: _Ref145426591]Table 1	Test parameters for PMI reporting tests. 
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS
	
	k0=0 for CSI-RS resources 1,2,3,4
	k0=1 for CSI-RS resources 5,6,7,8

	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resources 1 and 3
l0 = 8 for CSI-RS resources 2 and 4
	l0 = 4 for CSI-RS resources 5 and 7
l0 = 8 for CSI-RS resources 6 and 8

	
	Number of CSI-RS ports (X)
	
	1 for CSI-RS resource 1,2,3,4
	1 for CSI-RS resource 5,6,7,8

	
	CDM Type
	
	‘No CDM’ for CSI-RS resource 1,2,3,4,5,6,7,8

	
	Density
	
	3

	
	CSI-RS periodicity
	Slots
	160

	
	CSI-RS offset
	Slots
	80 for CSI-RS resources 1 and 2
81 for CSI-RS resources 3 and 4
	80 for CSI-RS resources 5 and 6
81 for CSI-RS resources 7 and 8

	
	QCL info
	
	TCI state #0

	Duplex mode
	
	TDD

	Bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	TDD DL-UL configurations
	
	FR1.120-1 as specified in Annex A.1.3

	Active DL BWP index
	
	1

	Propagation channel
	
	TDLA30-35

	Antenna configuration per TRxP
	
	High XP 2 x 4 (N1, N2) = (2,1)

	Beamforming Model
	
	As specified in Annex B.4.1 (Note 4)

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 
	1002

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	PTRS configuration
(Note 5)
	Frequency density (KPT-RS)
	
	2
	Test 1: N/A
Test 2: 2

	
	Time density (LPT-RS)
	
	1
	Test 1: N/A
Test 2: 1

	
	Resource Element Offset
	
	2
	Test 1: N/A
Test 2: 3

	TCI State #1
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking’ configuration
	N/A

	
	
	QCL Type
	
	Type A
	N/A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking’ configuration
	N/A

	
	
	QCL Type
	
	Type D
	N/A

	TCI State #2
	Type 1 QCL information
	CSI-RS resource
	
	N/A
	CSI-RS resource 5 from 'CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	N/A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	N/A
	CSI-RS resource 5 from 'CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	N/A
	Type D

	Resource allocation
	
	Full-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	0

	Frequency offset of the second TRxP from the first TRxP
	Hz
	0

	Number of HARQ Processes
	
	8 

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	Specific to each TDD UL-DL pattern and as defined in Annex A.1.3

	ZP CSI-RS configuration

	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 4, (8,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	(13)

	
	CSI-RS
periodicity and offset
	slot
	5/1

	NZP CSI-RS for CSI acquisition

	CSI-RS resource ID
	
	Resource #9
	Resource #10

	
	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2
	2

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3, (8,-)
	Row 3, (10,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	(12) 
	(12)

	
	CSI-RS
periodicity and offset
	slot
	Not configured
	Not configured

	
	aperiodicTriggeringOffset
	
	0
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(8,13)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	Not configured

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	csi-ReportMode
	
	Mode1

	numberOfSingleTRP-CSI-Mode1
	
	

	CMR pairing and grouping 
	
	CMR group #1: {NZP CSI-RS resource #9}, with 
CMR group #2:  {NZP CSI-RS resource #10}, with 

CMR paring:  {NZP CSI-RS resource #9, NZP CSI-RS resource #10}

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	8

	CSI request
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration 
	CodebookType
	
	typeI-SinglePanel

	
	CodebookMode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(2,1)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(2,1)

	
	CodebookSubsetRestriction
	
	001111

	
	RI Restriction
	
	N/A

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.75

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	Test 1: MCS13, One PTRS port across TRxP
Test 2: MCS13, One PTRS port per TRxP

	PDSCH & PDSCH DMRS Precoding configuration for random Precoding
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with Wideband granularity

	Note 1:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 is transmitted from TRxP #1 and PDSCH layer 1 is transmitted from TRxP #2)
Note 2:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (0.125 ms granularity) with equal probability of each applicable i1, i2 combination.
Note 3:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-4), this reported PMI cannot be applied at the gNB downlink before slot#(n+4).
Note 4:	Randomization of the principle beam direction per TRxP shall be used as specified in Annex B.2.3.2.3.
Note 5:	PT-RS configuration in Test 1 uses single port (one TRP) and Test 2 used dual port (both TRPs)



2.2	Simulation results
Figure 1 shows the simulation results for PMI tests, and Table 2 summarizes the simulation results. The difference between Tests 1-1 and 1-2 is one PTRS port across TRxP or per PTRS. According to the simulation results, we don’t see any significant performance difference between two test cases. 
Observation 1: The throughput gains of follow PMI and random PMI at 90% of the peak rate with follow PMI is about 1.27 regardless of PTRS configuration. 
Considering the margin, we propose to set gamma to 1.2 for both cases.
Proposal 1: Set gamma=1.2 for both tests 1-1 and 1-2. 

[image: ] [image: ]
	(a) MCS13 1+1, One PTRS port across TRxP
	(b) MCS13 1+1, One PTRS port per TRxP


[bookmark: _Ref149235107]Figure 1	Simulation results for PMI reporting tests.

[bookmark: _Ref146266442]Table 2	Summary of PMI reporting tests.
	Test number
	MCS, rank
	FO
	TO
	rho
	PTRS
	γ at SNR corresponding to 90% of peak rate with follow PMI

	1-1
	13, 1+1
	0Hz
	0us
	-12dB
	One PTRS port across TRxP
	8.7dB/1.28

	1-2
	13, 1+1
	0Hz
	0us
	-12dB
	One PTRS port per TRxP
	8.7dB/1.28



According to the endorsed draft CR on FRC used for PMI reporting test [3], ‘Overhead for TBS determination’ is set to 6 for both cases one PTRS across TRxP and per TRxP. However, we propose to set the overhead for one PTRS per TRxP to 12 to 1) close the effective code rate for both cases and 2) align with PDSCH demodulation requirements [4].
Proposal 2: Set ‘Overhead for TBS determination’ to 6 for Test 1 (One PTRS port across TRxP) and 12 for Test 2 (One PTRS port per TRxP), respectively.
3	Summary
Observation 1: The throughput gains of follow PMI and random PMI at 90% of the peak rate with follow PMI is about 1.27 regardless of PTRS configuration. 
Proposal 1: Set gamma=1.2 for both tests 1-1 and 1-2.
Proposal 2: Set ‘Overhead for TBS determination’ to 6 for Test 1 (One PTRS port across TRxP) and 12 for Test 2 (One PTRS port per TRxP), respectively.
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