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1. Introduction

The Study Item on 5G NR Application Data Throughput has made significant progress in TR 37.901-5 with majority of the planned FRC (Fixed Reference Channel) based tests already defined with appropriate test procedures. This objective of the study item is close to being met. A second aspect planned in the study item is to define test procedures for Application-layer throughput measurements with Variable Reference Measurement Channels (VRMC/VRC).

RAN5 WG performed the due diligence and sent an LS to RAN4 requesting RAN4 [5] to also consider being a part of this Study Item and thereafter consider defining absolute throughput requirements, RAN4 responded to the LS requesting guidance from RAN-Plenary [7] on whether RAN4 can include itself as a responsible WG and proceed with work requested by RAN5. This is topic is still open in RAN-Plenary. 

While waiting for RAN-Plenary decision and RAN4 to take up the task of defining absolute throughput requirements, it is still possible for RAN5 define test procedures (as was done in LTE for TR 37.901) for VRC based Application Layer data throughtput tests. The goal of this discussion paper is to propose a way forward to accomplish this aspect.

2. Study Item Objective
The objective of the proposed Study Item is:

To propose a way forward to begin definition of test procedures to measure 5G NR UE data throughput performance at the application-layer using Fixed reference channels (FRC) and variable reference measurement channels (VRC). The study has aimed to specifically use test scenarios already defined in TS 38.101-4 as well as VRC based test parameters recommended by RAN5 as part of the LS to RAN4 [5]. A specific structure for defining 5G NR application layer throughout test scenarios exists for FRC and needs to be created for VRC scenarios. This aspect is possible within RAN5. 
2.1
Definition of Test Procedures for 5G NR Application Layer Data Throughput Performance
2.1.1
Update Study Item with PDSCH Demodulation Performance requirements for link adaptation scenarios 

There is significant industry interest in performing application layer throughput measurements with variable reference measurement channels or link adaptaion as this represents a scenario closer to real world deployments. 
Several link adaptation test scenarios that are of interest to the industry and 5G ecosystem were evaluated by RAN5 and included in the LS to RAN4 for input and analysis so that absolute physical layer throughput requirements can be determined for the same. RAN5 has requested RAN4 to analyze and provide absolute physical layer throughput requirements for the test scenarios listed across Tables 2.1.1-1 through 2.1.1-5. Where possible, parameters are referenced directly from TS 38.101-4 so as to streamline the development of the new requirements [5].
Observation 1: The test parameters listed in Tables 2.1.2-1 through Table 2.1.2-6 were agreed by RAN5 to propose to RAN4 for creating absolute throughput requirements as part of LS R5-194962.  While waiting for requirements to be defined, RAN5 can use these test parameters as a baseline to start defining test procedures for VRC based App tput tests as part of the existing TR 37.901-5 as this is already within the scope of this RAN5 driven SI.
Table 2.1.1-1 - 5G NR channel configurations
	Configuration
	Test Points to cover

	NR Duplex Mode
	FDD, TDD 

	NR Frequency Range
	FR1, FR2

	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: FR1

TDLA30-35: FR2

	SNR
	FR1:20 dB; 

FR2: 16 dB

	NR Antenna Config
	ULA Low 2x2

	Mapping of CQI index to Information Bit payload
	As per TS 38.101-4 A.4-1 for FR2 and A.4-2 for FR1

	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
	As per TS 38.101-4  Table 8.1.2-1 for FR2 and TS 38.101-4 Table 6.1.2-1 for FR1

	Maximum number of HARQ transmission
	4

	Number of HARQ processes
	4 for FDD FR1

8 for TDD FR1

10 for TDD FR2


Table 2.1.1-2: E-UTRA channel configurations (for NSA)
	Configuration
	Unit
	Test Points to cover

	E-UTRA Duplexing Mode (for NSA)
	dB
	FDD, TDD

	E-UTRA Channel Bandwidth1
	
	20 MHz (Refer to TS 38.521-4 Annex D.2 for detailed E-UTRA Config)

	E-UTRA Fading2
	
	EPA53

	Antenna Correlation2
	
	Low

	SNR2
	
	20 dB

	E-UTRA Antenna Config2
	
	2x2 Low

	Note 1:     Refer to E-UTRA anchor configuration defined in TS 38.521-4 based on requirements defined in TS 38.101-4 to be used for all tests when only NR throughput is measured. 

Note 2:     Exception to 1.To be used/enabled for NSA FR1 test points only where E-UTRA and NR carrier throughputs are aggregated at PDCP layer. Otherwise align with 38.521-4 Annex D.2
Note 3:     To exhibits large TBS variations (see clause 5.5.4.3) and very common scenarios for high-data rate requiring processing capability (TR 37.901)


Table 2.1.1-3: 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

	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 2.1.1-4: 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

	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 2.1.1-5: 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 

	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


Proposal 1 : RAN5 to define test procedures in the Annex A of TR 37.901-5 based on the parameters in the tables in clause 2.1. 

Observation 2: The test parameters defined in section 2.1.1 can be incorporated to include VRC based test procedures in Annex A of TR 37.901 along similar lines and structure as what exists for Fixed Referene Channel (FRC). Such test procedure definition is within RAN5 scope as was the case in TR 37.901.  Once RAN4 defines absolute throughput requirements for such scenarios, the same can be incorporated into the study item. 
Proposal 2: Update Work Plan to define a structure for test procedures for VRC based App Tput tests. This will enable RAN5 to initiate and make progress on definition of 5G NR Application Layer Throughput test procedures.

Below is the proposed addition to the Work Plan for TR 37.901-5 –

	 
	CONDUCTED TCP DOWNLINK - FADING (VRC)

	Annex A.10
	5G NR /TCP Downlink Throughput /Conducted for Variable Reference Channel (VRC) Scenarios with Fading for SA and NSA

	Annex A.10.1
	5G NR /TCP Downlink Throughput /Conducted/Fading/VRC for SA and NSA

	Annex A.10.1.1
	5G NR /TCP Downlink Throughput /Conducted/Fading/VRC/2Rx for SA and NSA

	Annex A.10.1.1.1
	5G NR /TCP Downlink Throughput /Conducted/Fading/FRC/2Rx FDD /FR1 PDSCH mapping Type A performance - for SA and NSA

	Annex A.10.1.1.2
	5G NR /TCP Downlink Throughput /Conducted/Fading/FRC/2Rx TDD /FR1 PDSCH mapping Type A performance - for SA and NSA

	Annex A.10.1.2
	5G NR /TCP Downlink Throughput /Conducted/Fading/VRC/4Rx for SA and NSA

	Annex A.10.1.2.1
	5G NR /TCP Downlink Throughput /Conducted/Fading/VRC/4Rx FDD/FR1 PDSCH mapping Type A performance - for SA and NSA

	Annex A.10.1.2.2
	5G NR /TCP Downlink Throughput /Conducted/Fading/VRC/4Rx TDD/FR1 PDSCH mapping Type A performance - for SA and NSA

	 
	CONDUCTED UDP DOWNLINK - FADING (VRC)

	Annex A.11
	5G NR /UDP Downlink Throughput /Conducted for Variable Reference Channel (FRC) Scenarios with Fading for SA and NSA

	Annex A.11.1
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC for SA and NSA

	Annex A.11.1.1
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/2Rx for SA and NSA

	Annex A.11.1.1.1
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/2Rx FDD/FR1 PDSCH mapping Type A performance - for SA and NSA

	Annex A.11.1.1.2
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/2Rx TDD/FR1 PDSCH mapping Type A performance - for SA and NSA

	Annex A.11.1.2
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/4Rx for SA and NSA

	Annex A.11.1.2.1
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/4Rx FDD/FR1 PDSCH mapping Type A performance -  for SA and NSA

	Annex A.11.1.2.2
	5G NR /UDP Downlink Throughput /Conducted/Fading/VRC/4Rx FDD/FR1 PDSCH mapping Type A performance -  for SA and NSA

	 
	RADIATED TCP DOWNLINK - FADING (VRC)

	Annex A.12
	5G NR /TCP Downlink Throughput /Radiated for Variable Reference Channel Scenarios (VRC) with Fading

	Annex A.12.1
	5G NR /TCP Downlink Throughput /Radiated/Fading/VRC

	Annex A.12.1.1
	5G NR /TCP Downlink Throughput /Radiated/Fading/VRC/2Rx

	Annex A.12.1.1.1
	5G NR /TCP Downlink Throughput /Radiated/Fading/VRC/2Rx TDD/FR2 PDSCH mapping Type A performance - for SA and NSA

	Annex A.12.1.2
	5G NR /TCP Downlink Throughput /Radiated/Fading/VRC/4Rx

	Annex A.12.1.2.1
	5G NR /TCP Downlink Throughput /Radiated/Fading/VRC/4Rx TDD/FR2 PDSCH mapping Type A performance - for SA and NSA

	 
	RADIATED UDP DOWNLINK - FADING (VRC)

	Annex A.13
	5G NR /UDP Downlink Throughput /Radiated  for Variable Reference Channel Scenarios (VRC) with Fading

	Annex A.13.1
	5G NR /UDP Downlink Throughput /Radiated/Fading/VRC

	Annex A.13.1.1
	5G NR /UDP Downlink Throughput /Radiated/Fading/VRC/2Rx

	Annex A.13.1.1.1
	5G NR /UDP Downlink Throughput /Radiated/Fading/VRC/2Rx TDD/FR2 PDSCH mapping Type A performance - for SA and NSA

	Annex A.13.1.2
	5G NR /UDP Downlink Throughput /Radiated/Fading/VRC/4Rx

	Annex A.13.1.2.1
	5G NR /UDP Downlink Throughput /Radiated/Fading/VRC/4Rx TDD/FR2 PDSCH mapping Type A performance - for SA and NSA




3. Conclusion

It is proposed that RAN5 discusses and agrees to the following proposals as a guideline for defining 5G NR Application Layer Data Throughput tests:
Proposal 1 : RAN5 to define test procedures for FRC based Applicaton Layer throughput tests in the Annex A of TR 37.901-5 based on the parameters in the tables in clause 2.1. 

Proposal 2: Update Work Plan to define a structure for test procedures for VRC based App Tput tests. This will enable RAN5 to initiate and make progress on definition of 5G NR Application Layer Throughput test procedures.
4. References

[1] 3GPP TS 38.101-4, “User Equipment (UE) radio transmission and reception; Part 4: Performance requirements (Release 15)”, v15.1.0.

[2] 3GPP TS 38.521-4, “User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone (Release 15)”, v15.0.0. 

[3] 3GPP TR 37.901-1 v15.1.0 “User Equipment (UE) application layer data throughput performance (Release 15)”

[4] R5-194763, “New Study Item on 5G NR Application Layer Throughput Performance Testing”, Qualcomm Inc, Verizon, AT&T, Orange, Vodafone. RAN5#83, Reno, NV USA 13th-17th May 2019.

[5] R5-195422, “LS to RAN4 to update 38.101-4 with Link Adaptation requirements” RAN5#83, Reno, NV USA 13th-17th May 2019.

[6] R5-195421, “Study on 5G NR Application Layer Data Throughput Performance” RAN5#83, Reno, NV USA 13th-17th May 2019.

[7] R5-197719, “Reply LS to RAN5 to update 38.101-4 with Link Adaptation requirements” RAN5#85, Reno, NV USA 18th-22nd Nov 2019.
_1651333561.unknown

