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[bookmark: _Toc97300078]<Start of Changes>
[bookmark: _Toc487716512][bookmark: _Toc121786093][bookmark: _Toc121822778][bookmark: _Toc130573938]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™ OTA Test Plan: “ CTIA Certification Test Plan for Wireless Device Over-the-Air Performance, Version 3.9.5X “, 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"
[bookmark: _Toc487716513][bookmark: _Toc121786094][bookmark: _Toc121822779][bookmark: _Toc130573939]3	Definitions of terms, symbols, and abbreviations
[bookmark: _Toc97300074][bookmark: _Toc121786095][bookmark: _Toc121822780][bookmark: _Toc130573940]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] 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.
[bookmark: _Toc97300075][bookmark: _Toc121786096][bookmark: _Toc121822781][bookmark: _Toc130573941]3.2	Symbols
For the purposes of the present document, the following symbols apply:
TRPaverage	The average measured total radiated power of low, mid and high channel. When hand phantom is involved, the average is performed with low, mid and high channel from both hand left and hand right.
TRSaverage	The average measured total radiated sensitivity of low, mid and high channel. When hand phantom is involved, the average is performed with low, mid and high channel from both hand left and hand right.
[bookmark: _Toc97300076][bookmark: _Toc121786097][bookmark: _Toc121822782][bookmark: _Toc130573942]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].
AC	Anechoic Chamber
BHHL	Beside Head and Hand Left Side (Head and Hand Phantom)
BHHR	Beside Head and Hand Right Side (Head and Hand Phantom)
DUT	Device Under Test
EIRP 	Effective Isotropic Radiated Power
EUT	Equipment Under Test
FR1	RF Frequency Range 1
FS	Free Space
HL	Hand Left (Hand Phantom Only)
HR	Hand Right (Hand Phantom Only)
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

<Unchanged sections skipped>
[bookmark: _Toc121786110][bookmark: _Toc121822795][bookmark: _Toc130573956]6	FR1 Transmitter (TRP) Performance
[bookmark: _Toc130573957]6.1	General
The TRP requirements specified in this clause 6 apply to handheld UE with Transmit Antenna Switching (TAS) switched OFF and any power back-off functions disabled.
The TRP requirements defined in Clause 6.2 should be verified based on the detailed test parameters in Table 5.3-1.
[bookmark: _Toc130573958]6.2	TRP Performance for Handheld UE
[bookmark: _Toc130573959]6.2.1	TRP Performance for Handheld UE for FR1 (NR SA and EN-DC)
[bookmark: _Toc130573960]6.2.1.1	Total Radiated Power (TRP)  in Browsing Mode with Hand Phantom
6.2.1.1.1	Total Radiated Power (TRP) for FR1 NR Standalone (SA) in Browsing Mode with Hand Phantom6.2.1.1.1.1	Test purpose
Editor’s note: This clause is incomplete 
- 	Some aspects of initial conditions such as TAS OFF procedure and its applicability are FFS
-	MU/TT analysis is pending for all bands 
6.2.1.1.1.1	Test Purpose
To verify that the total radiated power (TRP) of a 5G NR FR1 UE, in browsing mode with Hand phantom only, does not exceed the range prescribed by the specified nominal maximum output power and tolerance.
An excess maximum output power has the possibility to interfere to other channels or other systems. A small maximum output power decreases the coverage area.
6.2.1.1.1.2	Test applicability
This test case applies to all types of NR Power Class 1 [release 15 and forward]
This test case applies to all types of NR Power Class 2 and Power Class 3 UE [release 15 and forward] that do not support Transmit Diversity
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 specification.
6.2.1.1.1.3.1	Hand phantom browsing mode
Hand phantom browsing mode positions are defined in Clause B.3.1. 
[bookmark: _Toc130573961]6.2.1.1.1.3.2	Minimum conformance requirments 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 6.2.1.1.1-1 and 6.2.1.1.1-2.
Table 6.2.1.1.1.3.1-1	Handheld PC3 UE TRP minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	Power Class 3

	
	Average TRP (dBm)

	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	
	

	n41
	
	

	n78
	
	

	n79
	
	



	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	HL and HR
	
	

	n41
	100
	HL and HR
	
	

	n78
	100
	HL and HR
	
	

	n79
	100
	HL and HR
	
	



Table 6.2.1.1.1.3.1-2	Handheld PC2 UE TRP minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	Power Class 2

	
	Average TRP (dBm)

	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	
	

	n41
	
	12.5

	n78
	
	13

	n79
	
	



	[bookmark: _Hlk127183155]NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 2

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	HL and HR
	
	

	n41
	100
	HL and HR
	
	12.5

	n78
	100
	HL and HR
	
	13

	n79
	100
	HL and HR
	
	



The normative reference for this requirement is TS 38.161 [1] clause 6.2.1.
<Unchanged sections skipped>
[bookmark: _Toc27477784][bookmark: _Toc36226463][bookmark: _Toc44323718][bookmark: _Toc52989882][bookmark: _Toc60823073][bookmark: _Toc60824995][bookmark: _Toc69305892][bookmark: _Toc69309744][bookmark: _Toc76020055][bookmark: _Toc83720525][bookmark: _Toc90916379][bookmark: _Toc90916576][bookmark: _Toc90917332][bookmark: _Toc130573963]7.1	General
The TRS requirements specified in this clause 6 apply to handheld UE with Transmit Antenna Switching (TAS) switched OFF and any power back-off functions disabled.
The TRS requirements defined in Clause 7.2 should be verified based on the detailed test parameters in Table 5.3-2.
[bookmark: _Toc76020058][bookmark: _Toc83720528][bookmark: _Toc90916382][bookmark: _Toc90916579][bookmark: _Toc90917335][bookmark: _Toc130573964]7.2	TRS Performance for Handheld UE
[bookmark: _Toc27477786][bookmark: _Toc36226465][bookmark: _Toc44323720][bookmark: _Toc52989885][bookmark: _Toc60823076][bookmark: _Toc60824998][bookmark: _Toc69305895][bookmark: _Toc69309747][bookmark: _Toc76020059][bookmark: _Toc83720529][bookmark: _Toc90916383][bookmark: _Toc90916580][bookmark: _Toc90917336][bookmark: _Toc130573965]7.2.1	TRS Performance for Handheld UE for FR1 (NR SA and EN-DC)
[bookmark: _Toc27477836][bookmark: _Toc36226520][bookmark: _Toc44323777][bookmark: _Toc52989945][bookmark: _Toc60823141][bookmark: _Toc60825063][bookmark: _Toc69305960][bookmark: _Toc69309789][bookmark: _Toc76020101][bookmark: _Toc83720574][bookmark: _Toc90916430][bookmark: _Toc90916627][bookmark: _Toc90917383][bookmark: _Toc130573966]7.2.1.1	Total Radiated Power (TRS) in Browsing Mode with Hand Phantom
[bookmark: _Toc27477787][bookmark: _Toc36226466][bookmark: _Toc44323721][bookmark: _Toc52989886][bookmark: _Toc60823077][bookmark: _Toc60824999][bookmark: _Toc69305896]7.2.1.1.1	Total Radiated Power (TRS) for FR1 NR Standalone (SA) in Browsing Mode with Hand Phantom7.2.1.1.1.1	Test purpose
Editor’s note: This clause is incomplete. The following aspects are yet to be determined.
-	MU/TT analysis is pending for all bands 
7.2.1.1.1.1	Test purpose
To verify that the total radiated power (TRS) of a 5G NR FR1 UE, in browsing mode with hand phantom only, does not exceed the range prescribed by the specified nominal maximum output power and tolerance.
An excess maximum output power has the possibility to interfere to other channels or other systems. A small maximum output power decreases the coverage area.
[bookmark: _Toc27477788][bookmark: _Toc36226467][bookmark: _Toc44323722][bookmark: _Toc52989887][bookmark: _Toc60823078][bookmark: _Toc60825000][bookmark: _Toc69305897]7.2.1.1.1.2	Test applicability
This test case applies to all types of NR Power Class 1 [release 15 and forward]
[bookmark: _Toc27477789][bookmark: _Toc36226468][bookmark: _Toc44323723][bookmark: _Toc52989888][bookmark: _Toc60823079][bookmark: _Toc60825001][bookmark: _Toc69305898]This test case applies to all types of NR Power Class 2 and Power Class 3 UE [release 15 and forward] that do not support Transmit Diversity
7.2.1.1.1.3	Minimum conformance requirements
The average measured total radiated power (TRS) of low, mid and high channel for handheld UE shall be higher than the average TRS requirement specified in subclauses 7.2.1.1 and 6.2.1.2. The averaging shall be done in linear scale for the TRS 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 TRS 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 specification.
[bookmark: _Toc114077871][bookmark: _Toc121933404][bookmark: _Toc124151788]7.2.1.1.1.3.1	Hand phantom browsing mode
Hand phantom browsing mode positions are defined in Clause B.3.1. 
[bookmark: _Toc114077872][bookmark: _Toc121933405][bookmark: _Toc124151789][bookmark: _Toc130573967]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 7.2.1.1.1-1 and 7.2.1.1.1-2.
Table 7.2.1.1.1.3.1-1	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
	Power Class 3

	
	Average TRS (dBm)

	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	
	

	n41
	
	

	n78
	
	

	n79
	
	



	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3 and Power Class 2

	
	
	
	Average TRS (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	HL and HR
	
	

	n41
	100
	HL and HR
	
	-80

	n78
	100
	HL and HR
	
	-81.2

	n79
	100
	HL and HR
	
	



Table 7.2.1.1.1.3.1-2	Handheld PC2 UE TRS minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	Power Class 2

	
	Average TRS (dBm)

	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	
	

	n41
	
	12.5

	n78
	
	13

	n79
	
	



The normative reference for this requirement is TS 38.161 [1] clause 67.2.1.
<Unchanged sections skipped>
Table A.3.4-1: Minimum Range Length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size
	F [GHz]
	Drad [m]
	RQZ+2Drad²/λ
	3D = 6RQZ
	RQZ+2λ
	max(RQZ+2λ,3D,RQZ+2D²/λ)

	0.41
	0.30
	0.40
	0.9
	1.61
	1.61

	0.6
	0.30
	0.51
	0.9
	1.15
	1.15

	0.7
	0.30
	0.57
	0.9
	1.01
	1.01

	0.8
	0.30
	0.63
	0.9
	0.90
	0.90

	1
	0.30
	0.75
	0.9
	0.75
	0.90

	1.2
	0.29
	0.83
	0.9
	0.65
	0.90

	1.4
	0.28
	0.90
	0.9
	0.58
	0.90

	1.6
	0.28
	0.96
	0.9
	0.52
	0.96

	1.8
	0.27
	1.01
	0.9
	0.48
	1.01

	2
	0.26
	1.05
	0.9
	0.45
	1.05

	2.2
	0.25
	1.07
	0.9
	0.42
	1.07

	2.4
	0.24
	1.09
	0.9
	0.40
	1.09

	2.6
	0.23
	1.11
	0.9
	0.38
	1.11

	2.8
	0.23
	1.11
	0.9
	0.36
	1.11

	3
	0.22
	1.10
	0.9
	0.35
	1.10

	4
	0.18
	0.99
	0.9
	0.30
	0.99

	5
	0.14
	0.77
	0.9
	0.27
	0.90

	6
	0.10
	0.52
	0.9
	0.25
	0.90

	7
	0.06
	0.29
	0.9
	0.24
	0.90

	7.125
	0.05
	0.27
	0.9
	0.23
	0.90



A.3.5	Definition of TRP and TRS for AC
A.3.5.1	Total Radiated Power (TRP)
This definition is used to calculate the Total Radiated Power (TRP) value. For Anechoic Chamber method, TRP is defined as:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]		
Where the effective isotropic radiated power (EIRP) is defined as
		
Where  is the product of the power delivered to the antenna and the antenna’s power gain, and EIRPθ and EIRPϕ are the EIRP in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRP with Anechoic Chamber method is defined as:
	           	
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRP with Anechoic Chamber method is defined as:
	           	 
Where the value of W(θn) follows Table A.3.5.1-1.
Table A.3.5.1-1 Weights for Clenshaw-Curtis Quadrature with 15o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	15
	0.0661

	30
	0.1315

	45
	0.1848

	60
	0.227

	75
	0.2527

	90
	0.262

	105
	0.2527

	120
	0.227

	135
	0.1848

	150
	0.1315

	165
	0.0661

	180
	0.007



A.3.5.2	Total Radiated Sensitivity (TRS)
This definition is used to calculate the Total Radiated Sensitivity (TRS) value.  For Anechoic Chamber method, the TRS with is defined as:
	     	   
Where the effective isotropic sensitivity (EIS) is defined as 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, and EISθ and EISϕ are the EIS in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRS with Anechoic Chamber method defined as: 
	                  
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRS with Anechoic Chamber method is defined as:
	                  
Where the value of W(θn) follows Table A.3.5.2-1.
Table A.3.5.2-1 Weights for Clenshaw-Curtis Quadrature with 30o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	30
	0.1315

	60
	0.227

	90
	0.262

	120
	0.227

	150
	0.1315

	180
	0.007



[bookmark: _Toc106114453][bookmark: _Toc114134413]A.3.6	TAS OFF verification procedure
Editor’s note: This clause is incomplete and has several aspects that are yet to be determined.
-	The applicability of this verification procedure is FFS. 
-	The criteria of confirming TAS-OFF based on above verification procedure is FFS. 
-	The below test procedure for TAS OFF is informative and not a mandated action for test lab to be done before UE TRP testing.
As described in Clause 8.2.2 and 9.2.2, for SA and EN-DC testing respectively, the TAS OFF should be ensured before performing TRP test. In order to provide guidance on how to check UE antenna locking condition, this Clause define an informative test procedure to verify TAS OFF.
The general verification procedure is as following:
-	Perform OTA TRP measurement baseline test with top of device pointing towards +Z and display oriented at phi (azimuth) 0 degree following the traditional alignment method;
-	Benchmark with similar TRP measurement OTA test with top of device pointing towards -Z and display oriented at phi (azimuth) 0 degree. The point equivalently spaced from the bottom of the device as the original reference point is spaced from the top of the device will be positioned at the center of the quiet zone. 
Expectation: The magnitude of the TRP measurement being equal; similar 2D and/or 3D radiation pattern is expected (with 180 degrees rotation). This provides non-intrusive confirmation that the device indeed is tested with TAS OFF.
An additional alignment option to perform the above verification procedure is to orient the display in vertical alignment (along z-axis) flip the DUT upside down (vary theta) and perform the comparison of radiation pattern as described above.
The applicability of this verification procedure is FFS. The criteria of confirming TAS-OFF based on above verification procedure is FFS.
Note: The above test procedure is informative and not a mandated action for test lab to be done before UE TRP testing.

<End of changes>

