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1	Introduction
One of the objectives of Rel-18 NR demodulation performance evolution WI is to specify the absolute physical layer throughput requirements with link adaptation [1].
	· Specify absolute physical layer throughput requirements with link adaptation
· Note: Rel-17 RAN4 study outcome documented in section 5.10 of TR 37.901-5 is a starting point for this objective



This contribution discusses our view on the application layer throughput requirements. 
2	Discussion
2.1	Outcome of Rel-17 SI 5G NR UE Application Layer Data Throughput Performance
In Rel-17 SI [3], RAN4 studied the feasibility of defining link adaptation absolute physical layer requirements. In the SI, RAN4 discussed 
· Alignment criteria for aligning the simulation results across companies, and 
· Methodology to define the final requirements, if it is found to be feasible to define such requirements. 
In the study, RAN4 compared the span of SNR to achieve X% of maximum throughput with the existing rank indication reporting test cases where all the CSI reporting restrictions (e.g., codebook/RI restrictions) are removed. 
According to the simulation campaign, RAN4 concluded that it is feasible to define the absolute physical layer throughput requirements under link adaptation (TR37.901-5 5.10 [2]), where the recommended requirements are SNR to achieve T% of maximum throughput. We therefore propose to reuse the conclusion of Rel-17 SI to define the absolute physical layer throughput requirements. 
Proposal 1: RAN4 define the absolute physical layer throughput requirements with link adaptation by reusing the outcome of Rel-17 SI 5G NR UE Application Layer Data Throughput Performance to:
· SNR (X dB) to achieve T (%) of the maximum throughput, e.g., T=40 (%) at X=20 (dB).  
· The maximum throughput is defined as with TBS corresponding to CQI index 15 with rank Y for 2Rx/4Rx UE, e.g., Y=2 for both 2Rx/4Rx UEs.

2.2	Scope of Rel-18 RAN4 demodulation requirements
Test scenarios
In Rel-17 SI, RAN4 have studied the feasibility of defining absolute throughput requirements based on the parameters used for Rel-15 RI reporting requirements. We think it is straightforward to reuse the parameters used in the SI.
Proposal 2: Define absolute physical layer throughput requirements with link adaptation with the following configuration listed in TR37.901-5 Table 5.10-3-1:
· Test 1: FR1 FDD, SCS/CBW=15kHz/10MHz, 2Tx, 2Rx/4Rx
· Test 2: FR1 TDD, SCS/CBW=30kHz/40MHz, 2Tx, 2Rx/4Rx, TDD UL/DL configuration: 7D1S2U
· Test 3: FR2 (Including both FR2-1 and FR2-2) TDD, SCS/CBW=120kHz/100MHz, 2Tx, 2Rx, TDD UL/DL configuration: DDSU

CSI configuration
In the link adaptation tests, TE schedules PDSCH MCS/precoder/rank according to the reported CQI/PMI/RI (follow CSI). Since the purpose of this test is to verify that UE estimates the proper CSI and UE decodes PDSCH with the estimated CSI with proper BLER, we should not put any restriction on PMI/RI reporting. Regarding the configured CQI table, since it is the first release to define the absolute throughput requirements, RAN4 should focus on the mandatory features specified in Rel-15. Moreover as same as Rel-17 SI, we should set the maximum number of HARQ transmission to 1 to verify the reported CSI accuracy. 
Proposal 3: Define absolute physical layer throughput requirements with link adaptation with the following CSI reporting configurations:
· Configure CQI table 2 for FR1
· Configure CQI table 1 for FR2
· Configure Type I Single-Panel Codebook
· Not configure CodebookSubsetRestriction
· Set the maximum number of HARQ transmission to 1

Test metric
In the CSI reporting tests, RAN4 usually set two test points (higher SNR and lower SNR test points) to verify the UE behavior. To verify the UE performance on both cell-edge and cell-center, we propose to define the absolute throughput performance requirements with two test points. For higher SNR test points, we propose to reuse the existing RI test cases, i.e., 20dB for FR1 and 16dB for FR2. Regarding the lower SNR test points, the existing RI tests set SNR=0dB for both FR1 and FR2. We think it is relatively low and the reported CSI, especially PMI, might not be accurate. We therefore propose to set SNR=6dB to ensure the reliable CSI reporting. However if the simulation results are not well aligned, RAN4 should discuss whether to set lower SNR test points. 
Regarding the test metric, i.e., T% of the maximum throughput, RAN4 should decide them according to the simulation result summary. 
Proposal 4: RAN4 consider the following test points and metrics: 
· SNR=6dB/20dB for FR1, SNR=6dB/16dB for FR2
· RAN4 discuss whether to specify lower SNR test point case if the companies’ simulation results are not well aligned. 
· Requirements (T% of the maximum throughput) depend on the simulation result summary

Channel model
In Rel-17 SI, because of the limited time, RAN4 studied only TDLA30-5 for FR1 and TDLA30-35 for FR2, by reusing the Rel-15 RI reporting requirements. In our understanding, one of the motivations of this absolute throughput requirement is to introduce the conformance tests that measure throughput close to what would be experienced by a user [3]. Especially in FR1, UEs can be located in larger delay spready and/or high Doppler conditions. We therefore propose to consider larger delay spread and Doppler spread channel modes as same as PDSCH demodulation requirements, e.g., TDLB100-400 or TDLC300-100. 
Proposal 5: For FR1, use TDLA30-5. Also consider TDLB100-400 or TDLC300-100.
Proposal 6: For FR2, use TDLA30-35.

The simulation assumption we propose is summarized in Table 1. 
[bookmark: _Ref114039243]Table 1	Simulation assumption for alignment (based on Table 5.10-3-1 in [2])
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Frequency range
	
	FR1
	FR1
	FR2

	Bandwidth
	MHz
	10
	40
	100

	Subcarrier spacing
	kHz
	15
	30
	120

	Duplex Mode
	
	FDD
	TDD
	TDD

	TDD Slot Configuration
	
	N/A
	7D1S2U
S:6D+4G+4U
	DDSU
S:11D+3G+0U

	SNR
	dB
	0 to 20dB with 2dB step
	0 to 20dB with 2dB step
	0 to 16dB with 2dB step

	Propagation channel
	
	TDLA30-5
TDLB100-400
TDLC300-100
	TDLA30-5
TDLB100-400
TDLC300-100
	TDLA30-35

	Antenna configuration
	
	ULA Low 2x2,
ULA Low 2x4
	ULA Low 2x2,
ULA Low 2x4
	ULA Low 2x2

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

	Receiver type
	
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	[bookmark: OLE_LINK34]PDSCH configuration
	Mapping type
	
	Type A
	Type A
	Type A

	
	Starting symbol (S)
	
	2
	2
	2

	
	Length (L)
	
	12
	12
	12

	
	PRB bundling size
	
	2
	2
	2

	
	PRB bundling type
	
	Static
	Static
	Static

	
	VRB-to-PRB mapping interleaver bundle size
	
	Non-interleaved
	Non-interleaved
	Non-interleaved

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1
	Type 1
	Type 1

	
	Number of additional DMRS
	
	1
	1
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1
	1
	1

	CSI measurement channels (Note 2)
	
	As specified in Table A.4-2 of TS 38.101-4:
Rank 1: TBS.2-1
Rank 2: TBS.2-2
	As specified in Table A.4-2 of TS 38.101-4:
Rank 1: TBS.2-3
Rank 2: TBS.2-4
	As specified in Table A.4-1 of TS 38.101-4:
Rank 1: TBS.1-1
Rank 2: TBS.1-2

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5, (4)
	Row 5, (4)
	Row 5, (8)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9
	9
	13

	
	CSI-RS
periodicity and offset
	slot
	5/1 
	10/1
	8/1

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic
	Periodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2
	2
	2

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

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

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

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1
	10/1 
	Not configured

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic
	Periodic
	Periodic

	
	CSI-IM RE pattern
	
	Pattern 0
	Pattern 0
	Pattern 1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)
	(4,9)
	(8,13)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Not configured

	ReportConfigType
	
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Aperiodic
	Aperiodic
	Aperiodic

	CQI-table
	
	Table 2
	Table 2
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	8 
	16
	8

	csi-ReportingBand
	
	1111111
	1111111
	111111111

	CSI-Report periodicity and offset
	slot
	Not configured
	Not configured
	Not configured

	Aperiodic Report Slot Offset
	
	5
	9
	7

	CSI request
	
	[bookmark: OLE_LINK59]1 in slots i, where mod(i, 5) = 0, otherwise it is equal to 0
	1 in slots i, where mod(i, 10) = 0, otherwise it is equal to 0
	[bookmark: OLE_LINK58][bookmark: OLE_LINK62][bookmark: OLE_LINK63]1 in slots i, where mod(i, 8) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1
	1
	1

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

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1
	1

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

	
	CodebookSubsetRestriction
	
	Not configured
	Not configured
	Not configured

	
	RI Restriction
	
	N/A
	N/A
	N/A

	Physical channel for CSI report
	
	PUSCH
	PUSCH
	PUSCH

	CQI/RI/PMI delay
	ms
	6
	5.5
	1.375

	Maximum number of HARQ transmission
	
	1
	1
	1

	Test metric
	
	T% of max throughput (Note 3) at target SNR.

	Note 1:	Other common test parameters are defined in Section 6.1.2 of 38.101-4 for Tests 1 and 2 and Section 8.1.2 of 38.101-4 for Test 3.
Note 2:	PDSCH is not scheduled on slots containing CSI-RS for CSI acquisition, CSI-RS for tracking and CSI-RS for beam refinement (for Test 3 only).
Note 3: 	The maximum throughput is defined as with TBS corresponding to CQI index 15 with rank 2.




2.3	Where the requirements specified in TS38.101-4
Since the absolute throughput performance requirements with link adaption is a combination of PDSCH demodulation and CSI reporting requirements, RAN4 should discuss where the requirements to be specified in TS38.101-4. 
One option is to create a new clause like Clause 11 including both FR1 and FR2. Another option is to specify the requirements under the CSI reporting such as 6.x for FR1 and 8.x for FR2. We slight prefer to specify the requirements under the CSI reporting requirements because the test framework is very close to the existing RI reporting requirements.
Proposal 7: RAN4 specify the absolute physical layer throughput requirements with link adaptation under the CSI reporting requirements in TS38.101-4, that is, clause 6.x for FR1 and clause 8.x for FR2.
4	Summary
Proposal 1: RAN4 define the absolute physical layer throughput requirements with link adaptation by reusing the outcome of Rel-17 SI 5G NR UE Application Layer Data Throughput Performance to:
· SNR (X dB) to achieve T (%) of the maximum throughput, e.g., T=40 (%) at X=20 (dB).  
· The maximum throughput is defined as with TBS corresponding to CQI index 15 with rank Y for 2Rx/4Rx UE, e.g., Y=2 for both 2Rx/4Rx UEs.
Proposal 2: Define absolute physical layer throughput requirements with link adaptation with the following configuration listed in TR37.901-5 Table 5.10-3-1:
· Test 1: FR1 FDD, SCS/CBW=15kHz/10MHz, 2Tx, 2Rx/4Rx
· Test 2: FR1 TDD, SCS/CBW=30kHz/40MHz, 2Tx, 2Rx/4Rx, TDD UL/DL configuration: 7D1S2U
· Test 3: FR2 (Including both FR2-1 and FR2-2) TDD, SCS/CBW=120kHz/100MHz, 2Tx, 2Rx, TDD UL/DL configuration: DDSU
Proposal 3: Define absolute physical layer throughput requirements with link adaptation with the following CSI reporting configurations:
· Configure CQI table 2 for FR1
· Configure CQI table 1 for FR2
· Configure Type I Single-Panel Codebook
· Not configure CodebookSubsetRestriction
· Set the maximum number of HARQ transmission to 1
Proposal 4: RAN4 consider the following test points and metrics: 
· SNR=6dB/20dB for FR1, SNR=6dB/16dB for FR2
· RAN4 discuss whether to specify lower SNR test point case if the companies’ simulation results are not well aligned. 
· Requirements (T% of the maximum throughput) depend on the simulation result summary
Proposal 5: For FR1, use TDLA30-5. Also consider TDLB100-400 or TDLC300-100.
Proposal 6: For FR2, use TDLA30-35.
Proposal 7: RAN4 specify the absolute physical layer throughput requirements with link adaptation under the CSI reporting requirements in TS38.101-4, that is, clause 6.x for FR1 and clause 8.x for FR2.
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