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1	Introduction
In last meeting, RAN4 had discussed UE demodulation requirements of MMSE-IRC receiver for suppressing inter-cell interference. The agreed WF for CQI reporting requirements for inter-cell interference MMSE-IRC[1] is shown as follow.
	Issue 1: Whether to define CQI reporting requirements with inter-cell interference scenario?
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
Issue 2: Whether to define PMI reporting requirements with inter-cell interference scenario?
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
Interference Profile
· As the starting point, model one inter-cell interferer with DIP of -0.41dB. Interferer is with static channel and target UE is with fading channel.
Interference covariance estimation granularity for CQI reporting
· Up to UE implementation
· Companies will further check the results and whether per PRB bundle size or per PRB and per slot can be considered as options for simulation alignment, if the results aren’t aligned among companies.
Interference signal with serving cell’s NZP CSI-RS and CSI-IM REs
· CSI-IM on target cell
· Option 1: Overlaps with PDSCH from interference 
· Option 2: Overlaps with NZP CSI-RS from interference 
· NZP CSI-RS on target cell
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference 
· Option 3: Interference free -> ZP CSI-RS
Use LTE test metric as starting point and define based on simulation results.


In this contribution, we will continue to discuss the remaining CSI reporting issues on MMSE-IRC receiver for suppressing inter-cell interference.
2	CSI reporting
In LTE, RAN4 has defined CQI reporting tests under fading condition assuming neighboring cell, where the tests verify two metrics:
· Ratio of throughput with the followed CQI with neighboring cell interference condition and the throughput with the followed CQI only with white Gaussian noise source condition. 
· PDSCH BLER when measuring the throughput with neighboring cell interference. 
From the network deployment point of view, it is beneficial to ensure the CQI reporting performance under the neighboring cell interference environment. Thus, RAN4 shall define the CSI reporting tests similar as legacy LTE.
[bookmark: _Ref70863743]Proposal 1: RAN4 to define the CQI reporting tests with neighboring cell(s) interference condition. 
In last meeting, RAN4 agreed to use Single Panel Type I and random precoder selection for initial simulation purpose. From our perspective, UE may report the inaccurate PMI because serving cell’s CSI-RS is interfered by inter-cells in real field, especially, when UE is in the cell edge and have a strong interference from neighbor cell. In LTE IRC, several test cases for follow PMI are also defined. Thus, it’s important for RAN4 to further define test cases for PMI reporting or define some PDSCH demodulation test cases with follow PMI instead of random PMI.
[bookmark: _Ref71536228]Proposal 2: RAN4 to define the PMI reporting tests for MMSE-IRC inter-cells’ requirement or change some PDSCH demodulation test case with follow PMI.
3		Interference Model
The intention of NZP CSI-RS is to derive the channel measurement for CSI computation. As we mentioned before, the NZP CSI-RS on neighboring cell colliding with the NZP CSI-RS on serving cell is a typical deployment in commercial networks. In last meeting, some companies argue that NZP CSI-RS should collide with PDSCH from neighbor cell to reflect the real interference. However, it means the NZP CSI-RS from serving cell will also interfere the PDSCH of neighbor cell. UE should estimate the signal power and report the suitable CQI by NZP CSI-RS regardless of NZP CSI-RS can overlap with interference cell PDSCH.  
[bookmark: _Ref77953163]Observation 1: NZP CSI-RS overlapping had already deployed in real field.
Meanwhile, the intention of CSI-IM is to detect the interference for interf. cells. Naturally, CSI-IM on serving cell overlaps with PDSCH of interf. cell is an ideal configuration. However, in real field, due to no good coordination between each cell, it’s hardly to guarantee CSI-IM on serving cell to always overlap with PDSCH of interf. cells. For example, the CSI-IM on serving cell may collide with CSI-IM from a remote strong interference cell which cannot be avoided by cell plan. 
In last meeting, some companies have concerns on serving cell’s CSI-RS cannot observe the actual interference on PDSCH with precoding. In RAN4 requirements, it is important to ensure a proper CQI index to be reporting which corresponding to BLER=10% even with inter-cell interference environment. Thus, we propose to evaluate the following combinations of CSI-IM on serving cell overlapping with CSI-IM/PDSCH on interf. cells’ scenarios.
[bookmark: _Ref77845661]Proposal 3: RAN4 should consider the real deployment and cover the following CSI-RS configurations:
· NZP CSI-RS for CSI acquisition: Target cell NZP CSI-RS colliding with interf. Cell NZP CSI-RS
· CSI-IM:
· Scenario 1: serving cell CSI-IM colliding with Interf. cell CSI-IM
· Scenario 2: serving cell CSI-IM colliding with Interf. cell PDSCH
4	Simulation configurations
The basic CQI reporting configuration for NR can be reused in CQI reporting test on MMSE-IRC for inter-cells. Based on what we discussed above, we have the following CQI reporting configuration on MMSE-IRC for suppressing inter-cells’ interference performance.
[bookmark: _Ref77845664]Proposal 4: RAN4 to reuse legacy NR R15 CQI reporting configuration to define CQI reporting for inter-cells as much as possible.
	Parameter
	Unit
	FDD
	TDD
	Interferer cell

	Bandwidth
	MHz
	10
	40
	

	Duplex Mode
	
	FDD
	TDD
	

	Subcarrier spacing
	kHz
	15
	30
	

	SINR
	dB
	[-6: 2 :10]
	-

	Antenna configuration
	
	2x2
	2x2

	Beamforming Model
	
	As specified in Annex B.4.1
	

	ZP CSI-RS configuration

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5(4)

	Option 1: Row 5(4)
Option 2: Row 5(6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9 
	9

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

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	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(6, -)
	
Row 3(6, -)

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

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

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic
	Periodic

	
	CSI-IM RE pattern
	
	0
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4, 9)
	Option 1: (4,9)
Option 2: (6,9)

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

	ReportConfigType
	
	Periodic
	Not configured

	CQI-table
	
	Table 2
	Table 2

	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
	5/0
	10/9
	Not configured

	aperiodicTriggeringOffset
	
	Not configured
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured
	Not configured

	
	CodebookSubsetRestriction
	
	000001
	000001

	
	RI Restriction
	
	N/A
	Not configured

	Physical channel for CSI report
	
	PUCCH
	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.2-1
	

	DIP
	dB
	-
	-0.41

	Propagation condition
	
	TDLA30-5
	AWGN

	Correlation and antenna configuration
	
	ULA Low



	Scenarios
	Overlapping

	Scenario 1
	serving cell CSI-IM colliding with Interf. cell CSI-IM

	Scenario 2
	serving cell CSI-IM colliding with Interf. cell PDSCH


5		Summary
In this contribution, we further discuss the remaining issues on UE demodulation requirements of MMSE-IRC receiver for suppressing inter-cell interference and share the initial simulation results for MMSE-IRC receiver.
Observation 1: NZP CSI-RS overlapping had already deployed in real field.
Proposal 1: RAN4 to define the CQI reporting tests with neighboring cell(s) interference condition.
Proposal 2: RAN4 to define the PMI reporting tests for MMSE-IRC inter-cells’ requirement or change some PDSCH demodulation test case with follow PMI.
Proposal 3: RAN4 should consider the real deployment and cover the following CSI-RS configurations:
· NZP CSI-RS: Target cell NZP CSI-RS colliding with interf. Cell NZP CSI-RS
· CSI-IM:
· Scenario 1: serving cell CSI-IM colliding with Interf. cell CSI-IM
· Scenario 2: serving cell CSI-IM colliding with Interf. cell PDSCH
Proposal 4: RAN4 to reuse legacy NR R15 CQI reporting configuration to define CQI reporting for inter-cells as much as possible.
 
	Parameter
	Unit
	FDD
	TDD
	Interferer cell

	Bandwidth
	MHz
	10
	40
	

	Duplex Mode
	
	FDD
	TDD
	

	Subcarrier spacing
	kHz
	15
	30
	

	SINR
	dB
	[-6: 2 :10]
	-

	Antenna configuration
	
	2x2
	2x2

	Beamforming Model
	
	As specified in Annex B.4.1
	

	ZP CSI-RS configuration

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5(4)

	Option 1: Row 5(4)
Option 2: Row 5(6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9 
	9

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

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	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(6, -)
	
Row 3(6, -)

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

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

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic
	Periodic

	
	CSI-IM RE pattern
	
	0
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4, 9)
	Option 1: (4,9)
Option 2: (6,9)

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

	ReportConfigType
	
	Periodic
	Not configured

	CQI-table
	
	Table 2
	Table 2

	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
	5/0
	10/9
	Not configured

	aperiodicTriggeringOffset
	
	Not configured
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured
	Not configured

	
	CodebookSubsetRestriction
	
	000001
	000001

	
	RI Restriction
	
	N/A
	Not configured

	Physical channel for CSI report
	
	PUCCH
	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.2-1
	

	DIP
	dB
	-
	-0.41

	Propagation condition
	
	TDLA30-5
	AWGN

	Correlation and antenna configuration
	
	ULA Low
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