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[bookmark: _Toc487716512][bookmark: _Toc121786093][bookmark: _Toc121822778][bookmark: _Toc130573938][bookmark: _Toc154084152][bookmark: _Toc155186477][bookmark: _Toc155192754]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 TS 38.161: “User Equipment (UE) TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements; Range 1 Standalone and Range 1 Interworking operation with other radios
[2]	3GPP TS 38.508-1: "5GS; User Equipment (UE) conformance specification; Part 1: Common test environment "
[3]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[4]	JCGM 100:2008: “Evaluation of measurement data — Guide to the expression of uncertainty in measurement”.
[5]	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”.
[6]	ETSI TR 100 028-2: “ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM); Uncertainties in the measurement of mobile radio equipment characteristics; Part 2”.
[7]	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”.
[8]	CTIA Certification™: “CTIA Certification Test Plan for Wireless Device Over-the-Air Performance, CTIA 01.70: Measurement Uncertainty”, latest active version available at: https://ctiacertification.org/test-plans/
[9]	Foegelle, M.D., “The Surface Standard Deviation Method for TRP Measurement Uncertainty”, 25th Proceedings of the Antenna Measurement Techniques Association (AMTA 2003), A03-027
[10]	3GPP TR 38.834: “Measurements of User Equipment (UE) Over-the-Air (OTA) performance for NR FR1; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology (Release 17)”
[11]	3GPP TS 38.521-1: "NR; User Equipment (UE) conformance specification; Radio transmission and reception; Part 1: Range 1 Standalone"
[12]	CTIA Certification™: “CTIA Certification Test Plan for Wireless Device Over-the-Air Performance, CTIA 01.72: Near-Field Phantoms”, latest active version available at: https://ctiacertification.org/test-plans/
[13]	CTIA Certification™: “CTIA Certification Test Plan for Wireless Device Over-the-Air Performance, CTIA 01.71 Device Setup and Positioning Guidelines”, latest active version available at: https://ctiacertification.org/test-plans/
[14]	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"
[15]	3GPP TS 37.544: "Universal Terrestrial Radio Access (UTRA) and Evolved UTRA (E-UTRA); User Equipment (UE) Over The Air (OTA) performance; Conformance testing"
[16]	3GPP TS 21.905: “Vocabulary for 3GPP Specifications”
[17]	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”
[bookmark: _Toc144080046][bookmark: _Toc152766289]3	Definitions of terms, symbols, and abbreviations
[bookmark: _Toc144080047][bookmark: _Toc152766290]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [16] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Browsing mode usage: This mode corresponds to "data" mode, the device is tested via hand-only phantoms.
Primary mechanical mode: The mode that is most often used for a specific user scenario. Every terminal has at least one primary mechanical mode, if multiple modes are supported, different primary mechanical modes may be applicable for different user scenarios, e.g. different primary mechanical modes for Browsing mode usage and Talk mode usage for the same UE.
Talk mode usage: This mode corresponds to "talk" mode, the device is tested via head & hand phantoms.
<Unchanged sections skipped>
[bookmark: _Toc144080061][bookmark: _Toc152766304]5.2.2	FR1 EN-DC band combinations
Principle of EN-DC band combinations selection for FR1 TRP TRS OTA testing:
1.	Focus on the performance of the NR carrier and do not consider multiple permutations between different LTE bands and NR band under test, i.e. for each NR band, only select one EN-DC band combination.
2.	For UE supporting multiple EN-DC band combinations for the same NR band, consider only those EN-DC configurations which have no MSD impact on either LTE or NR, i.e. the selected EN-DC combination should be no MSD issue identified in TS 38.101-3 [17] Clause 7.3B.2.3 (Inter-band EN-DC within FR1).
Table 5.2.2-1: Measurement parameters for example inter-band EN-DC band combinations (two bands)
	EN-DC
configuration
	E-UTRA configurations
	NR configurations

	DC_3A_n28A
	Note1
	Note2

	DC_2A_n41A
	Note1
	Note2

	DC_1A_n78A
	Note1
	Note2

	DC_1A_n79A
	Note1
	Note2

	NOTE 1: As per TR 37.902 [10], Clause 6.4 (Measurement frequencies).
NOTE 2: As per Table 4.3.3-1 and Table 4.3.3-2 in TR 38.834.



With the above basic principle and EN-DC example band combination, the selection logic for testing is defined by the decision tree below. 
<Unchanged sections skipped>

6.2.1.1.1.3	Minimum conformance requirements
The average measured Total Radiated Power (TRP) of low, mid and high channel for handheld UE shall be higher than the average TRP requirement specified in subclauses 6.2.1.1 and 6.2.1.2. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head in case of beside the head and hand phantom positions. For the hand phantom browsing mode position the averaging shall be done in linear scale for the TRP results of both right and left hand phantom measurements.

For UEs which do not support NR FR1 in stand-alone mode, EN-DC mode requirements apply. SA and EN-DC test case applicability is defined in Clause 4.3, and test case applicability based on power class capability is defined in Clause 4.4. The relevant test methodology is defined in Annexes A and B of this specificationthe present document.
6.2.1.1.1.3.1	Hand phantom browsing mode
Hand phantom browsing mode positions are defined in Clause B.3.1. 
6.2.1.1.1.3.2	Minimum conformance requirements for NR FR1 in hand phantom browsing position
Handheld UE TRP minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode are defined in Tables 6.2.1.1.1.3.1-1 and 6.2.1.1.1.3.1-2.
<Unchanged sections skipped>

6.2.1.1.1.4	Test description
6.2.1.1.1.4.1	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.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.2.1-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing and are shown in table 5.3-1. The details of the uplink reference measurement channels (RMCs) mainly comprising the uplink modulation and uplink RB allocation are also specified in Table 5.3-1 . Configurations of PDSCH and PDCCH before measurement are specified in Annex A.0
<Unchanged sections skipped>
6.2.1.1.1.4.2	Test procedure
For TRP measurement, the evaluations shall be performed at maximum transmit power. The applicability rules for testing of UE power class in clause 4.4 shall be followed. The measurement procedure includes the following steps:
[bookmark: _MCCTEMPBM_CRPT13910384___1]1.	Place the DUT inside the QZ following the UE positioning guidelines defined in Annex B.3.1.
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 according to Table 5.3-1. For any additional RMC parameters beyond Table 5.3-2, refer to Table 6.2.1.4.1-1 of TS 38.521-1 [11]. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
3.	Ensure the DUT transmits with its maximum power by continuously sending uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 ms starting from the first TPC command in this step for the UE to reach PUMAX level.
4.	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. Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
5.	The measurement is performed with a constant sampling step in both theta () and phi () axes using any of the measurement grids and quadratures options outlined and applicable to TRP in Table A.4.2.12-1. Any of the measurement grids in Table A.4.2.12-1 could be used for testing. Measurements at theta = 0 and 180 degrees only require one measurement each. For test systems that cannot measure 180º EIRP, an extrapolation approach shall be adopted when generating the 3D antenna pattern and calculating TRP.
6.	All the measured power values will be integrated to TRP, as defined in Annex A.43.5.1. with the procedure further detailed in A.3.3.2.
<Unchanged sections skipped>

7.2.1.1.1.3.2	Minimum conformance requirements for NR FR1 in hand phantom browsing position
Handheld UE TRS minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode are defined in Tables 7.2.1.1.1.3.2-1. and 7.2.1.1.13.2-2.
[bookmark: _MCCTEMPBM_CRPT13910399___4]Table 7.2.1.1.1.3.2-1: Handheld PC3 and PC2 UE TRS minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3 and Power Class 2

	
	
	
	[bookmark: _MCCTEMPBM_CRPT13910400___4]Average TRS (dBm)

	[bookmark: _MCCTEMPBM_CRPT13910401___4]
	
	
	UE width ≤ 72 mm
	UE width > 72 mm

	[bookmark: _MCCTEMPBM_CRPT13910402___4]n28
	20
	HL and HR
	
	

	[bookmark: _MCCTEMPBM_CRPT13910403___4]n41
	100
	HL and HR
	
	[bookmark: _MCCTEMPBM_CRPT13910404___4]-80

	[bookmark: _MCCTEMPBM_CRPT13910405___4]n78
	100
	HL and HR
	
	[bookmark: _MCCTEMPBM_CRPT13910406___4]-81.2

	[bookmark: _MCCTEMPBM_CRPT13910407___4]n79
	100
	HL and HR
	
	



The normative reference for this requirement is TS 38.161 [1] clause 6.2.1.
7.2.1.1.1.4	Test description
7.2.1.1.1.4.1	Initial conditions
Initial conditions are a set of test configurations that the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.2.1-1. All these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing and are shown in table 5.3-2. The details of the uplink and downlink test parameters mainly comprising the uplink modulation and uplink RB allocation are also specified in Table 5.3-2. Configurations of PDSCH and PDCCH before measurement are specified in Annex A.0
7.2.1.1.1.4.2	Test procedure
For TRS measurement, the evaluations shall be performed at maximum transmit power. The measurement procedure includes the following steps:
[bookmark: _MCCTEMPBM_CRPT13910408___1]1.	Place the DUT inside the QZ following the UE positioning guidelines defined in Annex B.3.1.
2.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 5.3-2. For any additional RMC parameters beyond Table 5.3-2 refer to Table 7.3.2.4.1-1 of TS 38.521-1 [11]. The SS sends downlink MAC padding bits on the DL RMC.
3.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL parameters defined in Table 5.3-2 and any additional parameters from Table 7.3.2.4.1-1 of TS 38.521-1 [11]. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.
4.	Ensure the DUT transmits with its maximum power by continuously sending uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 ms starting from the first TPC command in this step for the UE to reach PUMAX level.
5.	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. Determine each EIS 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.
6.	The measurement is performed with a constant sampling step of in both theta () and phi () axes using any of the measurement grids and quadratures options outlined and applicable to TRS in Table A.4.2.12-1. Any of the measurement grids in Table A.4.2.12-1 could be used for testing. . Measurements at theta = 0 and 180 degrees only require one measurement each. For test systems that cannot measure 180º EIS, an extrapolation approach shall be adopted when generating the 3D antenna pattern and calculating TRS.
7.	All of the measured power values at each position or measurement angle will be integrated to TRS, as defined in Annex A.34.5.2 with the procedure further detailed in Annex A.3.3.3.
<Unchanged sections skipped>
[bookmark: _Toc154084181][bookmark: _Toc155186514][bookmark: _Toc155192792]A.2.2	UE configuration for TRP test
[bookmark: _Hlk103727141]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.
For Standalone, the NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [11], section clause 6.2.1 (UE maximum output power) using the default settings specified in TS 38.521-1 [11] and TS 38.508-1 [2] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-1.
For EN-DC, the SS and DUT shall be configured per TS 38.521-3 [14], Section clause 6.2B.1 (UE Maximum Output Power for EN-DC) using the default settings specified in TS 38.521-3 [14] and TS 38.508-1 [2] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 [10] Table 4.3.3-3. 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.
[bookmark: _Toc154084182][bookmark: _Toc155186515][bookmark: _Toc155192793]A.2.3	UE configuration for TRS test
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.
For Standalone, the NR System Simulator (SS) and DUT shall be configured per section clause 7.3.2 (Reference sensitivity power level) of TS 38.521-1 [11] using the defaults specified in TS 38.521-1 [11] and TS 38.508-1 [2] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 [10] Table 4.3.3-2.
For EN-DC, the EN-DC SS and DUT shall be configured per section clause 7.3B.2 (Reference Sensitivity for EN-DC) of TS 38.521-3 [14], using the defaults specified in TS 38.521-3 [14] and TS 38.508 [2], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-3. 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.
<Unchanged sections skipped>
[bookmark: _Toc144080078][bookmark: _Toc152766330]A.3.2	Calibration procedure
[bookmark: _MCCTEMPBM_CRPT13910433___7]The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a range path loss calibration measurement. The system needs to be calibrated by using a reference calibration antenna with known gain values. In the range path loss calibration measurement, the reference antenna is measured in the same place as the DUT, i.e. the centre of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
[image: A picture containing graphical user interface

Description automatically generated]
Figure A.3.2-1: Example FR1 TRP TRS calibration setup
The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). The range path loss calibration measurement is performed in a two-step process including total path loss measurement and cable calibration.
Step 1: Cable calibration: the measurement of path loss LDE , by connecting the cable from D to E to the two ports of VNA, and measure the cable path loss.
Step 2: Total path loss measurement: the measurement of total path loss LBC;
1.	Place the reference calibration antenna (e.g. reference dipole) in the centre of the test zone aligned with θ polarization of the measurement antenna, connected to a VNA port E, with the other VNA port C connected to the input of the Switch box – in Figure A.23.2-1.

A.4.2.1.1.1	Mismatch uncertainty through the connector between two elements
Hereunder, a measurement configuration:
[image: ]
Figure A.4.2.1.1.1-1: Mismatch uncertainty through the connector
 is the complex reflection coefficient of the Measurement Receiver. This term is also applicable to the communication tester.
 is the complex reflection coefficient of the cable4.
 is the forward gain in the network between the two reflection coefficients of interest.
 is the backward gain in the network between the two reflection coefficients of interest.
Note that  and  are set to 1 if the two parts are directly connected.
The uncertainty limits of the mismatch are calculated by means of the following formula (equation 6.1 of [5]):
[bookmark: _MCCTEMPBM_CRPT13910495___7]
[bookmark: _MCCTEMPBM_CRPT13910496___7]These mismatch limits are divided by  (equation 6.2 of [5]) because of the U-shaped distribution of the mismatch uncertainty and give the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [5]):

A.4.2.1.1.2	Mismatch uncertainty due to the interaction of several elements
Previously, we presentedIt was previously shown how to determine the mismatch uncertainty between two elements through the junction (connector). Now, we introduce the another type of mismatch uncertainty is introduced, which is a result of the interaction between several elements.
Hereunder, a measurement configuration:
[bookmark: _MCCTEMPBM_CRPT13910499___4][image: ]
Figure A.4.2.1.1.2-1: Mismatch uncertainty due to the interaction of several elements
Firstly, we determine the mismatch uncertainty between junctions of the elements is determined:
Between the MR and the cable3:

Between the cable3 and the cable4:

 and  are set to 1 because there is no element between cable3 and cable 4.


Each mismatch uncertainty due to the interaction between the measurement receiver and the cable4 is determined by means of the following formula:

 and  are equal and correspond to the cable3 attenuation.

We consider in the general case, the The following measurement configuration is considered in the general case: 
[bookmark: _MCCTEMPBM_CRPT13910507___4][image: ]
Figure A.4.2.1.1.2-2: Mismatch uncertainty measurement configuration
In the general case, this uncertainty contribution can be calculated by:

 for passive elements (cables…)

<Unchanged sections skipped>
A.4.2.3.2	Calibration antenna cable
If an efficiency calibration is performed, influence of the calibration antenna feed cable can be assumed to be negligible, due to data averaging.
In the case of gain calibration, the influence of the calibration antenna feed cable must shall be assessed by measurements. A gain calibration measurement is repeated with a reasonably differing routing of the feed cable. Largest difference between the results is entered to the uncertainty budget with a rectangular distribution.
<End of changes>
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