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1	Introduction
At RAN#89-e, it was agreed that RAN4 study the feasibility of defining Variable Reference Channel (VRC)/Link Adaptation scenarios and requirement, and accordingly RAN#90-e approved the study item of 5G NR UE Application layer data throughput performance [1]. One of the objectives for RAN4 is to study the feasibility of defining the PDSCH demodulation requirements with variable reference measurement channels (VRC) as follows:
	Variable reference measurement channels:
i) Study the feasibility of defining requirements with link adaptation in RAN4
· Analyze in which scenarios absolute physical layer throughput can be verified
· Use currently defined RI test setup in 38.101-4 as a starting point
· Fixing the RI is not precluded if the RI test setup with PMI/CQI/RI adaptation is not feasible
· If found infeasible, another test setup can be investigated
· Parameters suggested by RAN5 in R5-195422 to be used as a starting point
· Other parameters can be considered based on the evaluation in RAN4
· Limit the total number of scenarios studied to the set suggested by RAN5
· Decide the criteria for simulation result alignment during the SI
· Based on the status of the simulation result alignment, discuss the criteria to derive the requirements, if it is concluded as feasible to define the requirements
ii) RAN5 to study the application layer throughput procedures based on outcome from i)
Note: There is significant industry interest in performing application layer throughput measurements with variable reference measurement channels (link adaptation) as this represents a scenario closer to real world deployments.



This configuration discusses the test parameters for application layer data throughput performance requirements based on our companion paper [2]. 
2	Discussion
2.1	Test parameters
SID suggests the existing RI reporting requirements are the starting point for the feasibility study. According to TS38.101-4, the RI reporting requirements are set with a ratio of the throughput obtained when transmitting based on UE reported RI and the throughput obtained when transmitting with fixed rank (1 or 2, depending on the requirements) shall be larger than the required throughput gain, γ. When the TE measures the UE throughput, according to the RI requirement parameters in TS38.101-4, the TE schedules PDSCH by following the reported CQI and PMI. This test setup is close to the application layer data throughput requirements. 
We therefore propose to reuse the test upset of the existing RI reporting test for the evaluation of physical layer throughput requirements. Since this test verifies the CSI reporting performance, we don’t need to restrict the reported PMI codebook. We propose not to configure CodebookSubsetRestriction for the physical layer throughput tests.  
Proposal 1: RAN4 reuse the test setup of the existing RI reporting requirements for the alignment of simulation results for the physical layer throughput with some modification. 
· Not configure CodebookSubsetRestriction. If it is configured, CodebookSubsetRestriction is set so that all the possible Type-I single panel codebooks for rank 1 and rank 2. 
2.2	Simulation assumption
Table 1, Table 2, and Table 3 summarize the scenarios for the evaluation of the physical layer throughput performance. The detailed parameters are provided in Appendix [3]. 
Although the existing RI test cases use TDLA30-5 and TDLA30-35 for FR1 and FR2, respectively, we propose to consider the larger delay spread and high Doppler scenario, considering the real world deployment, as it is mentioned in the SID. 
Proposal 2: Consider the following propagation channel models for the physical layer throughput performance evaluation:
· Larger delay spread and higher Doppler spread for FR1, i.e., TDLB100-400 and TDLC300-100
· LOS scenario for FR2, i.e., TDLD30-75
For the alignment of the simulation results, we think it is also important to understand the reported CSI information and PDSCH decoding error rate as discussed in [2]. We therefore propose to provide the decoding error rate and CSI statistics such as CQI index, PMI index, and rank index, for the purpose of evaluation. For the fair performance comparison, we propose that PDSCH is scheduled in all the DL slots except for slots transmitting SSB. We also propose PDSCH is not scheduled in TDD special slots for TDD. 
Proposal 3: When companies provide the simulation results, it is also encouraged to provide the decoding error rate and statistics of reported CQI index, PMI index, and rank index. 
Proposal 4: For the physical layer throughput performance evaluation, TE schedules PDSCH in all the DL slots except for slots transmitting SSB. 
Proposal 5: For the physical layer throughput performance evaluation, TE does not scheduled PDSCH in the TDD special slots for TDD case. 

[bookmark: _Ref67046369][bookmark: _Ref67046363]Table 1	Simulation assumption for FR1 FDD.
	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 1-1
	10 / 15
	TDLA30-5
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-2
	10 / 15
	TDLB100-400
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-3
	10 / 15
	TDLC300-100
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-4
	10 / 15
	TDLA30-5
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-5
	10 / 15
	TDLB100-400
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-6
	10 / 15
	TDLC300-100
	2x4 ULA Low
	Table 2
	
	[0:2:20]



[bookmark: _Ref67046371]Table 2	Simulation assumption for FR1 TDD.
	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 2-1
	40 / 30
	TDLA30-5
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-2
	40 / 30
	TDLB100-400
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-3
	40 / 30
	TDLC300-100
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-4
	40 / 30
	TDLA30-5
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-5
	40 / 30
	TDLB100-400
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-6
	40 / 30
	TDLC300-100
	2x4 ULA Low
	Table 2
	
	[0:2:20]



[bookmark: _Ref67046374]Table 3	Simulation assumption for FR2 TDD.
	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 3-1
	100 / 120
	TDLA30-35
	2x2 ULA Low
	Table 1
	
	[0:2:16]

	Test 3-2
	100 / 120
	TDLD30-75
	2x2 ULA Low
	Table 1
	
	[0:2:16]



3	Summary
Proposal 1: RAN4 reuse the test setup of the existing RI reporting requirements for the alignment of simulation results for the physical layer throughput with some modification. 
· Not configure CodebookSubsetRestriction. If it is configured, CodebookSubsetRestriction is set so that all the possible Type-I single panel codebooks for rank 1 and rank 2. 
Proposal 2: Consider the following propagation channel models for the physical layer throughput performance evaluation:
· Larger delay spread and higher Doppler spread for FR1, i.e., TDLB100-400 and TDLC300-100
· LOS scenario for FR2, i.e., TDLD30-75
Proposal 3: When companies provide the simulation results, it is also encouraged to provide the decoding error rate and statistics of reported CQI index, PMI index, and rank index. 
Proposal 4: For the physical layer throughput performance evaluation, TE schedules PDSCH in all the DL slots except for slots transmitting SSB. 
Proposal 5: For the physical layer throughput performance evaluation, TE does not scheduled PDSCH in the TDD special slots for TDD case. 
Proposal 6: RAN4 evaluates the physical layer throughput performance with the following conditions:
	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 1-1
	10 / 15
	TDLA30-5
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-2
	10 / 15
	TDLB100-400
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-3
	10 / 15
	TDLC300-100
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-4
	10 / 15
	TDLA30-5
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-5
	10 / 15
	TDLB100-400
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 1-6
	10 / 15
	TDLC300-100
	2x4 ULA Low
	Table 2
	
	[0:2:20]



	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 2-1
	40 / 30
	TDLA30-5
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-2
	40 / 30
	TDLB100-400
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-3
	40 / 30
	TDLC300-100
	2x2 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-4
	40 / 30
	TDLA30-5
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-5
	40 / 30
	TDLB100-400
	2x4 ULA Low
	Table 2
	
	[0:2:20]

	Test 2-6
	40 / 30
	TDLC300-100
	2x4 ULA Low
	Table 2
	
	[0:2:20]



	Test number
	BW (MHz) / SCS (kHz)
	Propagation condition
	Antenna configuration
	CQI table
	Physical layer throughput (Mbps)
	SNR (dB)

	Test 3-1
	100 / 120
	TDLA30-35
	2x2 ULA Low
	Table 1
	
	[0:2:16]

	Test 3-2
	100 / 120
	TDLD30-75
	2x2 ULA Low
	Table 1
	
	[0:2:16]
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Appendix: parameters
Table A-1 - 5G NR channel configurations

	Configuration
	FR1
	FR2

	NR Duplex Mode
	FDD, TDD
	TDD

	NR Channel Bandwidth/sub-carrier spacing2
	10 MHz/15 kHz (FDD FR1)
40 MHz/30 kHz (TDD FR1)
	100 MHz/120 kHz (TDD FR2)

	NR Fading
	TDLA30-5
TDLB100-400
TDLC300-100
	TDLA30-35
TDLD30-75

	SNR
	[0:2:20] dB
	[0:2:16] dB

	NR Antenna Config
	ULA Low 2x2
ULA Low 2x4
	ULA Low 2x2

	Mapping of CQI index to Information Bit payload
	TS38.101-4 A.4-2
	TS 38.101-4 A.4-1

	TDD UL-DL Pattern
	FR1.30-1 per TS 38.101-4 Annex A.1.2 for FR1 30 kHz SCS
	FR2.120-1 per TS 38.101-4 Annex A.1.3 for FR2 120 kHz SCS

	Common test configuration parameters
	TS 38.101-4 Table 6.1.2-1
	TS 38.101-4 Table 8.1.2-1

	Maximum number of HARQ transmission
	4
	4

	Number of HARQ processes
	4 for FDD FR1
8 for TDD FR1
	10 for TDD FR2




Table A-3: CQI, RI, PMI Configuration for FDD FR1 (Reference TS 38.101-4 Table 6.4.2.1-1)

	Parameter
	Unit
	Value

	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, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
periodicity and offset
	slot
	5/1

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3 (6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0

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

	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	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
	5/1

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A

	
	CodebookSubsetRestriction
	
	010011 for following rank

	
	RI Restriction
	
	N/A

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	7

	RI Configuration
	
	Follow RI





Table A-4: CQI, RI, PMI Configuration for TDD FR1 (Reference TS 38.101-4 Table 6.4.2.2-1)

	Parameter
	Unit
	Value

	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, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
periodicity and offset
	slot
	10/1

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3 (6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	10/1

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 0

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

	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	16

	csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	10/1

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A

	
	CodebookSubsetRestriction
	
	010011 for following rank

	
	RI Restriction
	
	N/A

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6.5

	RI Configuration
	
	Follow RI




Table A-5: CQI, RI, PMI Configuration for TDD FR2 (Reference TS 38.101-4 Table 8.4.2.2-1)

	Parameter
	Unit
	Parameter

	ZP CSI-RS configuration


	CSI-RS resource Type
	
	Aperiodic

	
	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, k1 )
	
	Row 4, (8,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)

	
	CSI-RS
interval and offset
	slot
	8/1

	
NZP CSI-RS for CSI acquisition


	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3 (6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-)

	
	NZP CSI-RS-timeConfig
interval and offset
	slot
	8/1

	
CSI-IM configuration
	CSI-IM RE pattern    
	
	Pattern 1

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

	
	(8,13)

	
	CSI-IM timeConfig
interval and offset
	slot
	8/1

	ReportConfigType
	
	Aperiodic 

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	111111111

	CSI-Report interval and offset
	slot
	10/1

	aperiodicTriggeringOffset
	
	0

	
Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A

	
	CodebookSubsetRestriction
	
	010011 for following rank

	
	RI Restriction
	
	N/A

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.375

	RI Configuration
	
	follow RI
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