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1. Introduction 
In RAN4#101-bis-e enhancements to CSI requirements for FeMIMO was discussed and way forward [1] was agreed. In this contribution we present our requirements for CSI enhancements.  
2. Discussion
CSI Reporting for Multi-TRP Transmission 
In RAN4#101-bis-e there was a discussion on defining CSI reporting requirements for multi-TRP transmission schemes.
· FFS on CQI, PMI, and RI requirement for Single-DCI based Multi-TRP scheme
· Option 1: CQI, PMI, RI 
· Option 2: CQI
· Option 3: PMI only
· FFS on CQI, PMI, and RI requirement for Multi-DCI based Multi-TRP scheme
· Option 1: CQI 
Single DCI Multi-TRP Transmission Scheme
The enhancements in FeMIMO are for single DCI SDM transmission scheme. We see it most beneficial to introduce PMI reporting requirements with the enhanced CSI reporting than CQI and RI. The UE would report PMI for each TRP and since the channel for each TRP is different, we would see performance gain with follow PMI compared to single PMI reporting. The CQI and RI report from the UE is a single value for both TRP, there might be no significant benefit of introducing CQI and RI requirements.  We propose that for single DCI SDM transmission scheme RAN4 introduce PMI reporting requirements with enhanced CSI reporting. 
Proposal #1: Introduce PMI reporting requirements for single DCI SDM transmission scheme. 
The following can be assumed as baseline configuration for PMI reporting requirements:
· TDLA30-5 with  statistically independent for each TRP
· XP High for each TRP for correlation matrix and antenna configuration 
· Same Pc ratios for each TRP in defining requirement 
· The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP
For multi-TRP CSI enhancements the UE can report based on multi-TRP hypothesis or single TRP hypothesis or a combination. To minimize the effort in RAN4, we propose to evaluate and introduce requirements for  Mode 1 with X=0. 
Proposal #2: Introduce PMI reporting requirements for CSI enhancements for Mode 1 with X=0. 
To assess the gain from enhanced CSI reporting with multi-TRP hypothesis, if feasible we should evaluate the performance of multi-TRP PMI reporting and independent single PMI reporting for each TRP with no CSI enhancements. 
Proposal #3: Evaluate performance of PMI reporting with enhanced CSI reporting against single PMI reporting for multi-TRP transmission. 
In addition, we propose the following simulation assumptions:
FR: FR1 only
Antenna config: 8x2, 8x4
Number of layers: 2 (1 MIMO layer per TRP)
NZP CSI-RS resource set with 2 resources: Ks=2
	K1=1; For NZP CSI-RS resource associated with TRP1
	K2=1; For NZP CSI-RS resource associated with TRP2
CMR pair: N=1 for mTRP hypothesis
CSI Report Mode: Mode 1 with X=0

Proposal #4: Use the following simulation assumptions as baseline:
FR: FR1 only
Antenna config: 8x2, 8x4
Number of layers: 2 (1 MIMO layer per TRP)
NZP CSI-RS resource set with 2 resources: Ks=2
	K1=1; For NZP CSI-RS resource associated with TRP1
	K2=1; For NZP CSI-RS resource associated with TRP2
CMR pair: N=1 for mTRP hypothesis
CSI Report Mode: Mode 1 with X=0

The test metric for multi-TRP PMI reporting can be based on what we currently have for PMI reporting requirements – TP ratio between follow PMI and random PMI. In case of multi-TRP transmission the random PMI would need to be selected for each TRP such that the layers are orthogonal. The test metric for the requirements can be TP ratio between follow PMI and random PMI at SNR that achieves 70% max TP when follow PMI is used. 
Proposal #5: Introduce test metric of TP ratio of multi-TRP follow PMI and random PMI. The layers for random PMI per TRP should be orthogonal.
Multi DCI Multi-TRP Transmission Scheme
In Rel-17 there is no enhancement for CSI reporting for multi-DCI transmission schemes. We don’t see the necessity to introduce requirements for CQI reporting for multi-DCI transmission scheme. 
Proposal #6: Do not introduce requirements for CSI reporting for multi-DCI multi-TRP transmission scheme. 
PMI Reporting in Inter-cell interference  
In RAN4#101-bis-e the following options were discussed for PMI reporting in ICI:
· Option 1: Yes 
· Companies evaluate the impact of false PMI reporting on throughput
· RAN4 defines PMI reporting requirement for inter-cell interference scenario
· Option 2: No 
· Option 3: Further evaluation is needed
The main motivation for this was to investigate the false PMI issue observed in OTA testing. First, RAN4 should further evaluate if there is an issue with PMI reporting before deciding to define requirements for PMI reporting for inter-cell scenario.
Proposal #7: RAN4 further evaluates PMI reporting in ICI before deciding to introduce requirements. 
To further evaluate we propose the following simulation assumptions:
Number interference cell: 1
INR: 10.04 dB
Antenna config: 8x2 XP High
Prop. channel model: TDLA30-5 ; ensure that channel from target and interference cell are statistically independent and have different beam direction (to ensure PMI are different)
	Eg: Use beam steering model in B.2.3.2.3 with  = 0.
NZP CSI-RS for interference: 
	Overlapping with serving cell
	Non-overlapping with serving cell
CSI-IM for interference: non overlapping with CSI-IM for serving cell
PMI reporting: Aperiodic
PMI Type: WB PMI
Loading for interference cell: PDSCH transmission is enabled in all slots for interference cell
Remaining parameters based on PMI reporting requirements for 8TX
Proposal #8: For further evaluation of PMI reporting in ICI use the following simulation assumptions:
Antenna config: 8x2 XP High
Prop. channel model: TDLA30-5 ; ensure that channel from target and interference cell are statistically independent and have different beam direction (to ensure PMI are different)
NZP CSI-RS for interference: 
	Overlapping with serving cell
	Non-overlapping with serving cell
CSI-IM for interference: non overlapping with CSI-IM for serving cell
Loading for interference cell: PDSCH transmission is enabled in all slots for interference cell

The simulation assumptions are provided in table below. 
Table 1: Detailed Simulation Assumptions for PMI reporting in ICI study
	Parameter
	Unit
	FDD
	TDD
	Interferer cell

	Bandwidth
	MHz
	10
	40
	

	Duplex Mode
	
	FDD
	TDD
	

	Subcarrier spacing
	kHz
	15
	30
	

	Propagation channel 
	
	TDLA30-5
	TDLA30-5

	Antenna configuration 
	
	High XP 8 x 2 
(N1,N2) = (4,1)
	High XP 8 x 2 
(N1,N2) = (4,1)

	SINR
	dB
	[-6: 2 :10]
	-

	INR
	dB
	-
	10.04

	Beamforming Model
	
	As specified in Annex B.4.1
	

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 8, (4,6)
	Row 8, (4,6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	5
	Overlapping: 5
Non-overlapping: 7

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Same as serving cell

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic
	Aperiodic

	
	CSI-IM RE pattern
	
	0
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4, 9)
	(6,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Same as serving cell

	ReportConfigType
	
	Aperiodic
	Not configured

	CQI-table
	
	Table 1
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI
	Not configured

	timeRestrictionForChannelMeasurements
	
	Not configured
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured
	Not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband

	Sub-band Size
	RB
	8
	16
	

	Csi-ReportingBand
	
	1111111
	Not configured

	CSI-Report periodicity and offset
	slot
	NA
	NA
	Not configured

	aperiodicTriggeringOffset
	
	5
	8
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,1)
	(4,1)

	
	CodebookSubsetRestriction
	
	0x FFFF
	Not configured

	
	RI Restriction
	
	00000001
	Not configured

	Physical channel for CSI report
	
	PUSCH
	Not configured

	CQI/RI/PMI delay 
	ms
	8
	9.5
	Not configured

	Maximum number of HARQ transmission
	
	1
	Not configured

	Measurement channel
	
	As specified in Table A.4-2, TBS.2-2
	



The purpose of the study is to evaluate if there is an issue with PMI reporting when NZP CSI-RS are overlapping in ICI scenario. We also need to evaluate performance without interference. So, the metric for evaluation of performance can be TP ratio with interference and without interference. With interference we have overlapping NZP CSI-RS and non-overlapping NZP CSI-RS.
Proposal #9: Evaluate performance based on TP ratio with and with ICI for (1) overlapping NZP CSI-RS (2) non-overlapping NZP CSI-RS. 
Also, we would like to point out that this is not an enhancement related to FeMIMO and we are discussing this under FeMIMO performance. Hence, the right approach would be to get this work scope approved in FeMIMO WID before RAN4 invests time on this study. We understand that this issue was brought up during field tests, so another alternative for enhancement on this would be to address it in TEI-17. 

Proposal #10: The scope of PMI reporting in ICI is approved in FeMIMO WID or part TEI-17 for further discussion in RAN4. 


3. Conclusion
In this paper, we provide our views on the requirements for enhancements to CSI requirements for FeMIMO. Our observations and proposals are captured below:
CSI Enhancements for multi-TRP
Proposal #1: Introduce PMI reporting requirements for single DCI SDM transmission scheme. 
Proposal #2: Introduce PMI reporting requirements for CSI enhancements for Mode 1 with X=0. 
Proposal #3: Evaluate performance of PMI reporting with enhanced CSI reporting against single PMI reporting for multi-TRP transmission. 
Proposal #4: Use the following simulation assumptions as baseline:
FR: FR1 only
Antenna config: 8x2, 8x4
Number of layers: 2 (1 MIMO layer per TRP)
NZP CSI-RS resource set with 2 resources: Ks=2
	K1=1; For NZP CSI-RS resource associated with TRP1
	K2=1; For NZP CSI-RS resource associated with TRP2
CMR pair: N=1 for mTRP hypothesis
CSI Report Mode: Mode 1 with X=0
Proposal #5: Introduce test metric of TP ratio of multi-TRP follow PMI and random PMI. The layers for random PMI per TRP should be orthogonal.
Proposal #6: Do not introduce requirements for CSI reporting for multi-DCI multi-TRP transmission scheme. 

PMI reporting in ICI
Proposal #7: RAN4 further evaluates PMI reporting in ICI before deciding to introduce requirements. 
Proposal #8: For further evaluation of PMI reporting in ICI use the following simulation assumptions:
Antenna config: 8x2 XP High
Prop. channel model: TDLA30-5; ensure that channel from target and interference cell are statistically independent and have different beam direction (to ensure PMI are different)
NZP CSI-RS for interference: 
	Overlapping with serving cell
	Non-overlapping with serving cell
CSI-IM for interference: non overlapping with CSI-IM for serving cell
Loading for interference cell: PDSCH transmission is enabled in all slots for interference cell

Proposal #9: Evaluate performance based on TP ratio with and with ICI for (1) overlapping NZP CSI-RS (2) non-overlapping NZP CSI-RS. 
Proposal #10: The scope of PMI reporting in ICI is approved in FeMIMO WID or part TEI-17 for further discussion in RAN4. 
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