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1. Introduction

5G NR radio access technologies are providing a very large increase in data transmission capacity in mobile networks. This will be being matched and even exceeded by a corresponding increase in the demand for data from users of the state of the art high data-rate devices and applications. It is therefore essential that data devices achieve high efficiency when using data services and do not unduly load the network regardless of the maximum data rate that they are capable of achieving.

Both 3G and 4G LTE technologies had extensive test scenarios defined in TR 37.901 to measure the application layer date rates. The test procedures covered transport layer protocols such as TCP and UDP and simulated realistic network scheduling and radio conditions in a repeatable lab-based environment (i.e. using lab-based simulators and other necessary equipment). There is a need to defined similar application layer throughput scenarios for 5G NR UEs.
2. Study Item Objective
The objective of the proposed Study Item is:

To begin definition of conformance tests to measure 5G NR UE data throughput performance at the application-layer. The study will aim to specifically use test scenarios specified by RAN4 and test procedures used in current conformance testing by RAN5, with necessary enhancements as needed. A specific structure for defining 5G NR application layer throughout test scenarios will be created. Similar to TR 37.901, an analysis of upper layer protocols and parameters impacting application layer throughout measurements will be provided. 
2.1
Definition of Test Procedures for 5G NR Application Layer Data Throughput Performance
The objective of this proposed study item is to define testing procedures to measure the end to end data throughput rate at the application layer (using FTP and/or UDP) and give an assessment on how the data rate varies with various physical layer parameters. The term "End-to-end throughput" when used in this document shall be understood as the throughput at a UE application level which would include the combined performance of the following levels.

1
UE’s Radio link RF performance

2
UE’s Radio link protocol data processing performance (MAC, RLC, PDCP)

3
UE’s TCP/IP processing performance

4
UE’s Internet Application and drivers processing performance

The procedures will measure the throughput of data end to end from a server to the terminating end on the user side.

The termination will be:

A. Inside the terminal in case of a handset that can install an embedded client application. This is considered the default mode of testing as it provides an accurate measure of user experience. 

B. Alternatively, in a connected PC in case of a handset or data module that does not support embedded mode (lacks UI, no embedded application installation possible, etc).

The measurement procedure will measure the achieved application-layer data rates under various physical layer conditions defined in RAN4 core specification. Below is a proposed structure of the new 5G NR UE Application Layer Data Throughput measurement section(s):

· Definition of Application Layer Data Throughput Performance

· List of parameters to be measured 

· Application Layer Throughput (Downlink and Uplink)

· Test configuration and upper layer parameters

· Transport Layer protocol used for data transfer 

· Application Layer protocol used for data transfer 

· Test environment (signal levels, fading profiles, fixed and link adaptation based scheduling) :

· Align with RAN4 defined scenarios 

· Data transfer scenarios (FTP/UDP, DL/UL/Bidirectional)

· Minimum Test Time and Iterations (align with LTE)

· Test Procedures for 5G NR UE Application layer throughput performance (align with RAN5 test case structure)
Proposal 1 : RAN5 to agree on proposal 1a or 1b. This will enable RAN5 to initiate and make progress on definition of 5G NR Application Layer Throughput test procedures in RAN5 by 

1a - Updating TR 37.901 to include 5G NR Application Layer Data throughput tests;  OR

1b - Initiate a dedicated SI to create TR/TS for 5G NR Application Layer Data throughput tests.

2.1.2
Update RAN4 specifications with PDSCH Demodulation Performance requirements for link adaptation scenarios 

An additional aspect which needs to be considered is that RAN4 core specifications for demodulation performance have traditionally focused only testing fractional throughput measurements using fixed reference measurement channels. However, 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. Therefore, there is a lack of such requirements, involving link adaptation throughput requirements at Layer1. It is therefore imperative that 3GPP addresses this gap.
A significant aspect of the proposed study item is to highlight specific link adaptation test scenarios that are of interest to the industry and 5G ecosystem, with the key point being that these requirements need to be forwarded to RAN4 for input and analysis so that absolute physical layer throughput requirements can be determined for the same. 
RAN5 can request RAN4 to analyze and provide absolute physical layer throughput requirements for the test scenarios listed across Tables 2.1.2-1 through 2.1.2-5. Where possible, parameters are referenced directly from TS 38.101-4 so as to streamline the development of the new requirements.
Observation 1: The test parameters listed in Tables 2.1.2-1 through Table 2.1.2-6 are strongly aligned with those used for existing fixed reference measurement channel based requirments in the RAN4 core specifications. This will hopefully be useful for RAN4 to provide the further request for link adaptation requirements. This aspect can be further finalized based on the way forward agreed in Proposal 1.
Table 2.1.2-1 - 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 2.1.2-2: 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 2.1.2-3: 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 2.1.2-4: 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 2.1.2-5: 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


Observation 2: Review new requirements request defined in section 2.1.2 to include in study item to RAN4 for creation of PDSCH demodulation performance requirements for link adaptation scenarios. This aspect can be further finalized based on the way forward agreed for Proposal 1.
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 agree on proposal 1a or 1b. This will enable RAN5 to initiate and make progress on definition of 5G NR Application Layer Throughput test procedures in RAN5 by 

1a - Updating TR 37.901 to include 5G NR Application Layer Data throughput tests;  OR

1b - Initiate a dedicated SI to create TR/TS for 5G NR Application Layer Data throughput tests.
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