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< start of change 1>
1 [bookmark: _GoBack]Scope
The present document is a technical report for FR1 Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology, for NR standalone (SA) and NR non-standalone (NSA) operation mode.
[bookmark: _Toc97741350][bookmark: _Toc106114430]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: “Vocabulary for 3GPP Specifications”.
[2]	3GPP TR 38.827: “Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR User Equipment (UE)”.
[3]	3GPP TS 38.101-1: “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”.
[4]	3GPP TS 38.101-3: “NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios”.
[5]	3GPP TS 38.521-1: “NR; User Equipment (UE) conformance specification; Radio transmission and reception; Part 1: Range 1 Standalone”.
[6]	3GPP TS 38.521-3: “NR; User Equipment (UE) conformance specification; Radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios”.
[7]	3GPP TS 38.508-1: “5GS; User Equipment (UE) conformance specification; Part 1: Common test environment “.
[8]	3GPP TR 25.914: “Measurements of radio performances for UMTS terminals in speech mode”.
[9]	IEEE Std 149: “IEEE Standard Test Procedures for Antennas”, IEEE.
[10]	JCGM 100:2008: “Evaluation of measurement data — Guide to the expression of uncertainty in measurement”.
[11]	ETSI TR 102 273-1-1: “Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement on Radiated Methods of Measurement (using test site) and evaluation of the corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile radio equipment characteristics; Sub-part 1: Introduction”.
[12]	ETSI TR 100 028-2: “ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM); Uncertainties in the measurement of mobile radio equipment characteristics; Part 2”.
[13]	ETSI TR 102 273-1-2: “Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement on Radiated Methods of Measurement (using test site) and evaluation of the corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile radio equipment characteristics; Sub-part 2: Examples and annexes”.
[14]	CTIA Certification™ OTA Test Plan: “ CTIA Certification Test Plan for Wireless Device Over-the-Air Performance, Version 3.9.X “, https://ctiacertification.org/test-plans/
[15]	Foegelle, M.D., “The Surface Standard Deviation Method for TRP Measurement Uncertainty”, 25th Proceedings of the Antenna Measurement Techniques Association (AMTA 2003), A03-027
[16]	3GPP TR 37.902: “Measurements of User Equipment (UE) radio performances for LTE/UMTS terminals; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test “.
[17]	3GPP TS 37.544: “Universal Terrestrial Radio Access (UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) Over The Air (OTA) performance; Conformance testing “.

< end of change 1>

< start of change 2>
[bookmark: _Toc97741354]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
DUT	Device Under Test
EIRP 	Effective Isotropic Radiated Power
EUT	Equipment Under Test
FR1	Frequency Range 1
FS	Free Space
LEE	Laptop Embedded Equipment
LME	Laptop Mounted Equipment
NSA	Non-Standalone, a mode of operation where operation of an other radio is assisted with an other radio 
OTA	Over The Air
QZ	Quiet Zone
SA	Standalone
SS	System Simulator
TAA	Time-Averaging Algorithm
TAS  	Tx Antenna Switching 
TRP	Total Radiated Power
TRS	Total Radiated Sensitivity
UE	User Equipment

< end of change 2>

< start of change 3>
[bookmark: _Toc97741357][bookmark: _Toc106114437]4.2	Testing configuration
[bookmark: _Toc523402957][bookmark: _Toc42175180][bookmark: _Toc46355193]4.2.1	UE use scenarios for TRP TRS test 
The following use scenarios are considered for TRP TRS test:
[bookmark: _Hlk87955626]-	Talk mode using head & hand phantom for narrow devices between 56 mm and 72 mm and for wide devices with a width >72 mm and <92 mm.
-	Browsing mode using hand phantom for narrow and wide phones
-	Free Space for devices not used in talk or browsing mode
For smartphone, head/hand phantoms testing configuration is the first priority. How to select Talk mode or Browsing mode is FFS. 
For other device types, free space (FS) testing configuration is the first priority.
4.2.2	UE mechanical mode description 
Primary mechanical mode means the main operation mode of a UE, i.e., portrait slide open, fold open, or other mechanical configuration, depends on form factor. The primary mechanical mode should be declared by manufacturer instructions. The test methods for TRP TRS testing are defined based on UE primary mechanical mode.
The mechanical modes of a device under test (DUT) are declared by the manufacturer. A DUT shall have at least one mechanical mode. If only one mode is supported, then this is defined as the primary. If multiple modes are supported, the manufacturer can declare different primary mechanical modes applicable for different user scenarios, e.g., different primary mechanical mode for Browsing mode usage and Talk mode usage for the same UE.

< end of change 3>

< start of change 4>
[bookmark: _Toc97741373][bookmark: _Toc106114454]8	SA test methodology
[bookmark: _Toc47103328][bookmark: _Toc97741374][bookmark: _Toc106114455]8.1	General
For UE radiated conformance testing P-MPRc shall be 0 dB.
FR1 TRP and TRS radiated conformance testing shall be performed with the UE consistently operating at maximum power level, e.g., Time-Averaged Algorithm (TAA) and other power back-off functions should be disabled. The above functions OFF should be based on manufacturer declaration, if declared, then the manufacturer is required to provide a mechanism for the test lab to enable/disable the function.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the SA TRP and TRS test. 
[bookmark: _Toc47103329][bookmark: _Toc97741375][bookmark: _Toc106114456]8.2	Total Radiated Power (TRP)
[bookmark: _Toc21020166][bookmark: _Toc29812998][bookmark: _Toc29813264][bookmark: _Toc52565482]8.2.1	Test Conditions
The TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes for TRP measurement. This accounts for a total of 266 measurements for each of two orthogonal polarizations since measurements at theta = 0 and 180 degrees only require one measurement each. For some test system can not measure 180º EIRP, then the extrapolation approach can be adopted when generating the 3D antenna pattern. All of the measured power values will be integrated to TRP, as defined in Clause 5.1.
8.2.2	UE configurations
For devices containing multiple Tx antennas, the Tx Antenna Switching (TAS) function should be OFF, and the TRP should be measured for each Tx antenna individually. The antenna with better TRP is identified as the primary antenna, and the corresponding TRP result will be used to determine the pass/fail compliance. Otherwise the primary antenna should be selected based on manufacturer declaration. To ensure the TAS OFF testing, the manufacture should provide either software/guidance to lab to control which Tx antenna is used, or the pre-configured DUT locked at primary antenna.  
The NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2.1 (UE maximum output power) using the default settings specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-1.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the TRP test.
8.2.3	Test procedure
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the link antenna following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
3) Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1.
[bookmark: _Toc97741376][bookmark: _Toc106114457]8.3	Total Radiated Sensitivity (TRS)
8.3.1	Test Conditions
The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes for TRS measurement. 
EIS, or receiver sensitivity measurements, is defined as the minimum downlink signal power received at the UE antenna input required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC) (the maximum throughput is per Appendix A of TS 38.521-1 [5]).
8.3.2	UE configurations
For TRS measurement, no specific setting is needed for Rx antennas. By default, the maximum number of Rx antennas supported at each band should be enabled during the TRS test. 
The NR System Simulator (SS) and DUT shall be configured per section 7.3.2 (Reference sensitivity power level) of TS 38.521-1 [5] using the defaults specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-2.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the TRS test.
8.3.3	Test procedure
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the measurement antenna.
3) Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [5], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equation outlined in Clause 5.2.

< end of change 4>

< start of change 5>
[bookmark: _Toc97741377][bookmark: _Toc106114458]9	EN-DC test methodology
[bookmark: _Toc97741378][bookmark: _Toc106114459]9.1	General
For UE radiated conformance testing P-MPRc shall be 0 dB.
[bookmark: _Hlk110897902]FR1 TRP and TRS radiated conformance testing shall be performed with the UE consistently operating at maximum power level, e.g., Time-Averaged Algorithm (TAA) and other power back-off functions should be disabled. The above functions OFF should be based on manufacturer declaration, if declared, then the manufacturer is required to provide a mechanism for the test lab to enable/disable the function.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the EN-DC TRP and TRS test. 
[bookmark: _Toc97741379][bookmark: _Toc106114460]9.2	Total Radiated Power (TRP)
9.2.1	Test Conditions
For UE TRP measurement in EN-DC mode, the TRP measurement should be only performed at NR carrier. An LTE link antenna is used to provide a stable LTE link to the DUT without precise path loss or polarization control.
The sampling step for EN-DC TRP measurement is the same as SA mode, defined in Clause 8.2.1.
9.2.2	UE configurations
For UE TRP measurement in EN-DC mode, the UL output power of LTE carrier should be set as a constant power of 10dBm, while measuring NR at maximum output power, i.e., with fixed p-MaxEUTRA-r15=10 dBm, and p-NR-FR1 not configured.
For devices supporting multiple Tx antennas, the guidelines specified in Clause 8.2.2 shall be used.
For EN-DC, the SS and DUT shall be configured per TS 38.521-3 [6], Section 6.2B.1 (UE Maximum Output Power for EN-DC) using the default settings specified in TS 38.521-3 [6] and TS 38.508 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-3 for EN-DC TRP.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the TRP test.
9.2.3	Test procedure
For TRP measurement, the evaluations shall be performed at 10dBm LTE output power and NR maximum transmit power, i.e., with fixed p-MaxEUTRA-r15=10 dBm, and p-NR-FR1 not configured. 
The measurement procedure for EN-DC TRP is identical to that for SA mode specified in Clause 8.2.3, as long as the specific SS and UE configuration in Clause 9.2.2 is adopted.
[bookmark: _Toc97741380][bookmark: _Toc106114461]9.3	Total Radiated Sensitivity (TRS)
9.3.1	Test Conditions
For UE TRS measurement in EN-DC mode, the TRS measurement should be only performed at NR carrier. When NR is under test, the LTE carrier is used only to provide a stable connection, and therefore a calibrated downlink power level to the DUT is not required. It is recommended that the DL power on the untested LTE carrier be limited in order to minimize the potential interference for NR.
The definition of EN-DC TRS measurement and the sampling step is identical to that for SA mode, defined in Clause 8.3.1.
9.3.2	UE configurations
For EN-DC TRS measurement, the UL power configuration for LTE and NR is 50%-50% power splitting, i.e.,
-	For PC3, p-MaxEUTRA-r15=20 dBm, and p-NR-FR1= 20dBm; 
-	For PC2, p-MaxEUTRA-r15=23 dBm, and p-NR-FR1= 23dBm.  
For devices supporting multiple Rx antennas, the guidelines specified in Clause 8.3.2 shall be used. It should be noted that all receivers on both LTE and NR shall be enabled during EN-DC test.
The EN-DC SS and DUT shall be configured per section 7.3B.2 (Reference Sensitivity for EN-DC) of TS 38.521-3 [6], using the defaults specified in TS 38.521-3 [6] and TS 38.508 [7], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-3 for EN-DC TRS.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the TRP test.
9.3.3	Test procedure
For EN-DC TRS test, only NR carrier measurement is required. The test procedure for EN-DC TRS is identical to that defined in Clause 8.3.3, as long as the specific SS and UE configuration in Clause 9.3.2 is adopted.

< end of change 5>
