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<Unchanged Sections Skipped>
5.1.2
Definition of UE Application Layer Data Throughput

The measured UE Application Layer Throughput, T, is defined as the number of useful user data bits per unit of time delivered by the network from the source end point to the destination end point, excluding protocol overhead (TCP header, UDP header, etc.) and retransmitted data packets. The end points are defined in clause 5.1.1.

<Unchanged Sections Skipped>
Annex A.1.1
General

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 5.1.2.

-
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 sections 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 ±2dBm 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.
<Unchanged Sections Skipped>
Annex A.2.1
5G NR /TCP Downlink Throughput /Conducted/Static Channel Peak Throughput tests for SA and NSA

Annex A.2.1.1
5G NR /TCP Downlink Throughput /Conducted/Static Channel/ SA and NSA (no Downlink Split Bearer) 





A.2.1.1.1
Definition
The UE application layer downlink performance for TCP under different static environment is determined by the UE application layer TCP throughput.

A.2.1.1.2
Test Purpose
To measure the performance of the 5G NR UE while downloading TCP based data in a static channel environment.

A.2.1.1.3
Test Parameters

The common test parameters are defined in 38.521-4 [3] Table 5.5.1.3-1. The parameters specified in TS 38.521-4 [3] Table 5.5.1.3-2 are applicable for tests on FDD bands and parameters specified in TS 38.521-4 [3] Table 5.5.1.3-3 are applicable for tests on TDD bands. CORESET details are in TS 38.521-4 [3] Table 5.5.1.3-4 and MCS indices for indicated UE capabilities are in TS 38.521-4 [4] Table 5.5.1.3-5.. The test parameter selection procedure is defined in 38.521-4 section 5.5.1.3.1. In addition, the following test statements from TS 38.521-4 [3] clause 5.5.1.3 apply:


· Unless otherwise stated, no user data is scheduled on slot #0, 10 and 11 within 20 ms for SCS 15 kHz.

· Unless otherwise stated, no user data is scheduled on slot #0, 20 and 21 within 20 ms for SCS 30 kHz.
For NSA case, since this test is not focused on aggregated throughput, the E-UTRA anchor is functional link and is setup via the parameters defined in Annex E.
Test point is detailed in Annex D.1-5

Table A.2.1.1.3-1 FR1 Static Channel Test Point

	
	
	
	
	
	
	
	

	38.521-4 Reference
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	PHY Reference value
	Comment

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	

	5.5.1
	As per tables in TS 38.521-4 clause 5.5.1.3 and test parmeter selection as per TS 38.521-4 5.5.1.3.1.
	Static/

Clean Channel
	85%
	No external noise sources are applied
	Peak Throughput


A.2.1.1.4
Test Description
A.2.1.1.4.1
Initial Conditions

Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state. Apply the Initial conditions defined in TS 38.521-4 [3] section 5.5.1.4.1 with the following additional steps and/or exceptions
1.1

Connect an application server to the IP output of the SS. 
1.2
For an embedded configuration, ensure that the UE has an  client test application available. For a tethered configuration, tether the UE to a laptop configured with FTP client software using the appropriate UE to PC interface Modem or Network Interface Connection (NIC) drivers. 
5.
For NSA case, the E-UTRA anchor is configured as per Annex E. Ensure the UE is in RRC_CONNECTED State. Message contents are as per TS 38.521-4 Tables Table 5.5.1.4.3-1 through Table 5.5.1.4.3-8

A.2.1.1.4.2
Test Procedure

1.
SS sets the parameters of the bandwidth, MCS and DL reference channel (RMC) according to the test parameter selection procedure defined in 38.521-4 section 5.5.1.3.1. The SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC.

2.  SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC over PUSCH according to parameters set during initial conditions . The purpose of this scheduling is to accommodate for TCP UL ACK/NACK feedback transmissions.

3.
Using the data client, begin TCP downlink data transfer from the application server. Wait for 15 seconds and then start  recording the TCP throughput  result. (This is iteration 1) Continue data transfer for the test duration outlined in Table A.1-1. 
4.
Repeat step 3  for 3 iterations within the same call as the first iteration. Wait for 5 seconds between each iteration of the data transfer.
5.
Calculate and record the average application layer data throughput across three iterations.  Additionally, count and record the overall number of ACK and NACK/DTX on the PUSCH/PUCCH during the test interval. Record the IP address type (IPv4 or IPv6) used during the TCP data transfers.
6. Using the values in Table 5.4.4-2 (for IPv6) and Table 5.4.4-3 (for IPv4), determine the reduction from PHY reference fractional throughput value listed in Table A.2.1.1.3-1 to obtain reference Application Layer Throughput value.
<Unchanged Sections skipped>
Annex E: E-UTRA Anchor Configuration for NSA testing Diagrams
The sub-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 case. 

Annex F: Embedded Data Client Automation Recommendations

Editor’s Note: The following aspects are either missing or not yet determined:

-
This section is currently leveraged from TR 37.901. Further study will determine if any aspect has to be changed.
-
It is for further study to determine if any additional items are required to be provisioned prior to command interface establishment.

-
The command set and test parameters that are needed for automation of embedded data throughput performance in TR 37.901 are missing.

-
The fields required to support result reporting are missing.

F.1
Purpose of annex

This annex identifies the recommendations and details concerning a common application interface to allow for automation of testing for the UE Application Layer Data Throughput Performance test procedures that utilize an embedded data client.

F.2
Embedded Data Client Automation

F.2.1
Embedded Data Client Functionality

The following functionality is recommended for the embedded data client to support automation.

-
The application may start automatically on device power-up or reset. If the application does not support this feature, the operator manually starts the application at the beginning of the test campaign.

-
The application automatically sets up a data call using the expected radio bearer that is used for test and establishes a connection to the test server.

-
The application may periodically poll the test server with the Poll for Task command when not actively performing a task to determine if the test server has a new task.

-
The application will be informed by the test server about the task list to be performed either in response to the Poll for Task command or via a command that is pushed to the application from the test server.

-
The application should not send, or limits as much as possible, any commands, responses and status updates during a measurement unless the time-out period has expired so that the UE application layer data throughput results are not impacted. If the application does send limited updates, the downlink and uplink performance loss should be declared in the test results and should not exceed 0.4 kbps.

-
The application should listen for commands at all times so that the test server can interrupt the measurement.

F.2.2
Embedded Data Client Provisioning

The embedded data client may provide a mechanism to provision common parameters required for interfacing with test systems. The following captures aspects that should be considered if the application provides for such provisioning.

-
Provisioning of the data client does not need to be automated.

-
A manual interface or parameter file approach could be used. Instructions for operation should be provided.

-
The items expected to be provisioned prior to command interface establishment are as follows:

-
IP address and port number, if necessary, for the test server

-
Poll for Task Command Polling Period (if the polling approach is used, this may be a configurable item or a hardcoded value)

-
FFS

If certain parameters are hard-coded, these parameters should be documented to allow for the test systems to be properly configured.

F.2.3
Embedded Data Client Command Set and Operation

The embedded data client should use the specified command set and follow the operational structure defined in this clause.

F.2.3.1
Poll for Task Command

The embedded data client application may make use of a polling mechanism to query the test server for tasks to perform. If polling is used, the following instructions apply.

The Poll for Task command shall be substantiated with FFS.

If there is no task for the application to perform, an FFS error is returned. The application shall start its Waiting for Task Polling Period timer. When the timer expires, another Poll for Task command shall be sent.

If there is a task for the application to perform, the test server may return an FFS.

F.2.3.2
Task List

The test server will deliver a task list to the application. The task list will be delivered over the IP connection using HTTP(S) or raw TCP. The task list can contain multiple tasks that are listed sequentially for the application to execute or can also contain a single task. The format for the task list is XML for ASCII text string.

For each task, the following lists the valid parameters and valid strings for each parameter. The list of items should be considered as logical representations of the required parameters and content. The actual syntax may vary. The instructions for the application should provide the recommended usage for each particular test type.

-
FFS

If the requested task list is unknown to the application, the application may ignore it or return an error of  FFS. The application will then go back to a waiting for command state.

F.2.3.3
Result Reporting

Upon completion of the specified test sequence, the application shall upload the test results to the test server over the IP connection using HTTP(S) POST or raw TCP.

The result files shall be in CSV or XML format.
<End of Changes>
