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The present document contains the findings of the Study on 5G NR User Equipment (UE) application layer data throughput performance and the proposed test cases procedures.
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The signal levels chosen for test should either be representative of field conditions or appropriate for the test purpose of the particular test procedure defined.
In order to optimize test time and to focus on the appropriate set of signal levels for test, it is proposed to leverage the signal levels for test associated with the associated performance test cases in TS 38.521-4 [3] or to limit the number of signal levels for the majority of the downlink performance tests to a representative range. For test cases procedures that would require specific geometries to be set, this approach is reasonable and allows as much re-use of existing test setups as possible.
However, one aspect of a receiver's performance that is not typically addressed in the conformance testing is the ability of the receiver to perform well across a range of signal levels in a relatively low-noise environment where the UE noise floor may be the dominant factor in determining SNR. The end user would expect the 5G NR UE Application Layer Data Throughput to increase as the signal level is increased in relation to the UE noise floor or to achieve relatively consistent 5G NR UE Application Layer Data Throughput if located in a sufficient signal strength area such that the throughput has reached a maximum. 
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It is proposed to consider the following fading profiles to maintain consistency with 3GPP defined fading profiles in TS 38.521-4 [3] that have been developed to assess a UE's capability of performing in various multi-path environments. Also, a static propagation condition should be considered for any uplink testing and any downlink performance testing where the test purpose does not specifically require fading (e.g. maximum throughput testing, stress testing where the focus is on processor utilization aspects, etc.).
For 5G NR, the following defined 3GPP profiles have been considered depending on the particular test procedure.
-	TDLA30
-	TDLC300
-	TDLB100
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The signal levels chosen for test should either be representative of field conditions or appropriate for the test purpose of the particular test procedure defined.
In order to optimize test time and to focus on the appropriate set of signal levels for test, it is proposed to leverage the signal levels for test associated with the associated performance test cases in TS 38.521-4 [3] or to limit the number of signal levels for the majority of the downlink performance tests to a representative range. For test cases procedures that would require specific geometries to be set, this approach is reasonable and allows as much re-use of existing test setups as possible.
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[bookmark: _Toc46155821][bookmark: _Toc46238374][bookmark: _Toc46239201][bookmark: _Toc46384202][bookmark: _Toc46480286][bookmark: _Toc51833624][bookmark: _Toc58504730][bookmark: _Toc68540473][bookmark: _Toc75464010][bookmark: _Toc83680320][bookmark: _Toc92099891][bookmark: _Toc99980425][bookmark: _Toc106745282]A.1	Purpose of annex
This annex specifies the test procedurescases for 5G NR UE Application Layer Data Throughput Performance. The test procedurescases are the result of the study item and are the recommended test procedurescases to be used when evaluating UE Application Layer Data Throughput Performance. The use of "shall" in the test procedurescases listed herein is only used to indicate that the test procedurescase purpose, procedure, and/or result may not be as expected if the specified "shall" or "must" item is not used or followed. As the Technical Report is informative in nature, the use of "shall" or "must" in the test procedurescases is not meant to imply a specific requirement. Their use is meant to indicate instances where the test objectives of the recommended test procedurescases may not be achieved.
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The following test procedures will evaluate the UE Application Layer Data Throughput Performance for 5G NR UE.
The UE should be tested in any data configuration that it supports with embedded being the default mode and tethered mode used if embedded is not supported.
A laptop with an embedded modem is considered to be a tethered data configuration while an embedded data configuration due to the UE to PC interface. Refer to the Tethered Data connection diagram in figure C.2.1-1.
For an embedded data configuration, the UE will be the endpoint of the measurement and will have the appropriate data client test applications called out in the test procedures. Refer to the Embedded Data connection diagram in figure C.2.2-1.
For a tethered data configuration, the UE will be tethered to a laptop using the appropriate UE to PC interface Modem or Network Interface Connection (NIC) drivers as recommended by the UE manufacturer for the intended use by the customer/user. Refer to the Tethered Data connection diagram in figure C.2.1-1.
The propagation conditions and physical channel configurations are specified within the test cases in TS 38.521-4 [3] from which the test points are picked.
All throughput measurements in Annex A shall be performed according to the following general rules:
-	The measured UE Application Layer Throughput, T, is defined in clause 5.1.1.
-	Minimum test time is necessary for both static and multipath fading profiles to ensure stabilization of the TCP or UDP Application throughput. The following table provides the test times to be applied.
Table A.1.1-1: Data Transfer Duration Times
	Channel Profile
	Test Time per iteration

	Static
	60s

	100 Hz/400 Hz
	60s

	10 Hz
	90s



-	TCP parameters and transfer duration shall be selected according to the test purpose to meet the minimum test times. Please refer to clause 5.4.2.1 for TCP setting details
-	UDP parameters and transfer duration shall be selected according to the test purpose and to meet the minimum test times. Please refer to clause 5.4.2.2 for UDP setting details
The application layer data throughput performance for a UE will be determined across multiple scenarios (2Rx/4Rx, Conducted/Radiated, SA/NSA, Static/Fading Results shall be recorded for the following clauses which characterize the UE performance across a variety of application layer scenarios utilizing both FTP and UDP protocols.
-	TCP Downlink Performance
-	UDP Downlink Performance
-	TCP Uplink Performance
-	UDP Uplink Performance
IP header compression will not be used.
The integrity protection algorithm of RRC and NAS messages shall be set to one of the algorithms supported by the UE under test. The ciphering of RRC and NAS messages and user plane data will be set to [null] for UDP and [AES] for TCP to check CPU processing ability of UE. 
The recorded UE throughput for the TCP and UDP Downlink and Uplink Performance test procedures shall be based upon the simple average of 3 transfers for each test condition as detailed in clause 5.7.
Unless otherwise stated, the UE output power for the tests shall be set0 dBm with ±2 dBm tolerance.
Either IPv4 or IPv6 can be used, but only results obtained with the same IP address type can be compared, since the IP address type will affect the measured throughput. Refer to clause 5.4.4 for details on impact of headers, to measured UDP/TCP throughput, which shall be incorporated into any measurements.
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The clauses within Annex D of TS 38.521-4 [3] define the E-UTRA link setup config for NSA performance tests and shall be used for all E-UTRA anchor for NSA tests defined within Annex A.2, unless otherwise specified within the test procedurestest case.
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