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< start of change 1>
[bookmark: _Toc114077867][bookmark: _Toc121933400][bookmark: _Toc124151784][bookmark: _Toc130324601]6	FR1 TRP requirements
[bookmark: _Toc47103328][bookmark: _Toc114077868][bookmark: _Toc121933401][bookmark: _Toc124151785][bookmark: _Toc130324602]6.1	General
The TRP requirements specified in Clause 6 apply to handheld UE with TAS off and 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: _Toc114077869][bookmark: _Toc121933402][bookmark: _Toc124151786][bookmark: _Toc130324603]6.2	Minimum requirement
[bookmark: _Toc114077870][bookmark: _Toc121933403][bookmark: _Toc124151787][bookmark: _Toc130324604]6.2.1	Minimum requirement for handheld UE
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.
[bookmark: _Toc114077871][bookmark: _Toc121933404][bookmark: _Toc124151788][bookmark: _Toc130324605]6.2.1.1	Hand phantom browsing mode
Hand phantom browsing mode positions are defined in Clause B.3.1. 
[bookmark: _Toc114077872][bookmark: _Toc121933405][bookmark: _Toc124151789][bookmark: _Toc130324606]6.2.1.1.1	NR FR1
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 6.2.1.1.1-1	Handheld PC3 UE TRP minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	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
	
	



[bookmark: _Toc114077873][bookmark: _Toc121933406][bookmark: _Toc124151790]Table 6.2.1.1-2	Handheld PC2 UE TRP minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	[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
	
	



6.2.1.1.2	NR FR1 in EN-DC mode
Handheld UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the hand phantom browsing position and the primary mechanical mode are defined in Tables 6.2.1.1.2-1 and 6.2.1.1.2-2.
Table 6.2.1.1.2-1: Handheld PC3 UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the hand phantom browsing position and the primary mechanical mode
	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
	
	



[bookmark: _Toc114077874][bookmark: _Toc121933407][bookmark: _Toc124151791]Table 6.2.1.1.2-2: Handheld PC2 UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the hand phantom browsing position and the primary mechanical mode
	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
	
	

	n78
	100
	HL and HR
	
	

	n79
	100
	HL and HR
	
	



6.2.1.2	Beside the head and hand phantom talk mode
Beside the head and hand phantom mode positions are defined in Clause B.3.2 of this specification.
[bookmark: _Toc114077875][bookmark: _Toc121933408][bookmark: _Toc124151792][bookmark: _Toc130324607]6.2.1.2.1	NR FR1
Handheld UE TRP minimum performance requirement for NR FR1 bands in the beside head and hand phantom talk position and the primary mechanical mode are defined in Tables 6.2.1.2.1-1 and 6.2.1.2.1-2.
Table 6.2.1.2.1-1: Handheld PC3 UE TRP minimum performance requirement for NR FR1 bands in the beside head and hand phantom talk position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



[bookmark: _Toc114077876][bookmark: _Toc121933409][bookmark: _Toc124151793]Table 6.2.1.2.1-2: Handheld PC2 UE TRP minimum performance requirement for NR FR1 bands in the beside head and hand phantom talk position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 2

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



6.2.1.2.2	NR FR1 in EN-DC mode
Handheld UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the beside head and hand phantom talk position and the primary mechanical mode are defined in Tables 6.2.1.2.2-1 and 6.2.1.2.2-2.
Table 6.2.1.2.2-1: Handheld PC3 UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the beside head and hand phantom talk position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



[bookmark: _Toc114077877][bookmark: _Toc121933410][bookmark: _Toc124151794]Table 6.2.1.2.2-2: Handheld PC2 UE TRP minimum performance requirement for NR FR1 bands (in EN-DC mode) in the beside head and hand phantom talk position and the primary mechanical mode
	[bookmark: _Hlk127183897]NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 2

	
	
	
	Average TRP (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



7	FR1 TRS requirements
[bookmark: _Toc47103331][bookmark: _Toc114077878][bookmark: _Toc121933411][bookmark: _Toc124151795][bookmark: _Toc130324608]7.1	General
The TRS requirements specified in Clause 7 apply to handheld UE configured with maximum number of Rx antennas supported for each band, which is specified in TS 38.101-1 Clause 7.3 [3].
The TRS requirements defined in Clause 7.2 should be verified based on the detailed test parameters in Table 5.3-2.
[bookmark: _Toc114077879][bookmark: _Toc121933412][bookmark: _Toc124151796][bookmark: _Toc130324609]7.2	Minimum requirement 
[bookmark: _Toc114077880][bookmark: _Toc121933413][bookmark: _Toc124151797][bookmark: _Toc130324610]7.2.1	Minimum requirement for handheld UE
The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than the average TRS requirement specified in subclauses 7.2.1.1 and 7.2.1.2. 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 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.
[bookmark: _Toc114077881][bookmark: _Toc121933414][bookmark: _Toc124151798][bookmark: _Toc130324611]7.2.1.1	Hand phantom browsing mode
Hand phantom browsing mode positions are defined in Clause B.3.1. 
[bookmark: _Toc114077882][bookmark: _Toc121933415][bookmark: _Toc124151799][bookmark: _Toc130324612]7.2.1.1.1	NR FR1
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.
[bookmark: _Toc114077883][bookmark: _Toc121933416][bookmark: _Toc124151800]Table 7.2.1.1.1-1: 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
	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
	
	



7.2.1.1.2	NR FR1 in EN-DC mode
Handheld UE TRS minimum performance requirement for NR FR1 bands (in EN-DC mode) in the hand phantom browsing position and the primary mechanical mode are defined in Tables 6.2.1.1.2-1 and 6.2.1.1.2-2.
[bookmark: _Toc114077884][bookmark: _Toc121933417][bookmark: _Toc124151801]Table 7.2.1.1.2-1: Handheld PC3 and PC2 UE TRS minimum performance requirement for NR FR1 bands (in EN-DC mode) in the hand phantom browsing position and the primary mechanical mode
	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
	
	

	n78
	100
	HL and HR
	
	

	n79
	100
	HL and HR
	
	



[bookmark: _Toc130324613]7.2.1.2	Beside the head and hand phantom position
Beside the head and hand phantom mode positions are defined in Clause B.3.2.
[bookmark: _Toc114077885][bookmark: _Toc121933418][bookmark: _Toc124151802][bookmark: _Toc130324614]7.2.1.2.1	NR FR1
Handheld UE TRP minimum performance requirement for NR FR1 bands in the beside head and hand phantom position and the primary mechanical mode are defined in Tables 7.2.1.2.1-1 and 7.2.1.2.1-2.
[bookmark: _Toc114077886][bookmark: _Toc121933419][bookmark: _Toc124151803]Table 7.2.1.2.1-1: Handheld PC3 and PC2 UE TRS minimum performance requirement for NR FR1 bands in the beside head and hand phantom position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3 and Power Class 2

	
	
	
	Average TRS (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



[bookmark: _Toc130324615]7.2.1.2.2	NR FR1 in EN-DC mode
Handheld UE TRS minimum performance requirement for NR FR1 bands (in EN-DC mode) in the beside head and hand phantom position and the primary mechanical mode are defined in Tables 6.2.1.2.2-1 and 6.2.1.2.2-2.
Table 7.2.1.2.2-1: Handheld PC3 and PC2 UE TRS minimum performance requirement for NR FR1 bands (in EN-DC mode) in the beside head and hand phantom position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3 and Power Class 2

	
	
	
	Average TRS (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	BHHL and BHHR
	
	

	n41
	100
	BHHL and BHHR
	
	

	n78
	100
	BHHL and BHHR
	
	

	n79
	100
	BHHL and BHHR
	
	



[bookmark: _Toc114077887][bookmark: _Toc47103333][bookmark: _Toc121933420][bookmark: _Toc124151804]
Annex A (normative):
Test methodology

[bookmark: _Toc37324461][bookmark: _Toc37323055][bookmark: _Toc37254197][bookmark: _Toc36469780][bookmark: _Toc36456682][bookmark: _Toc29805473][bookmark: _Toc21341025][bookmark: _Toc114077888][bookmark: _Toc121933421][bookmark: _Toc124151805][bookmark: _Toc130324616]A.1	General
TRP TRS minimum requirement specified in Clause 6 and Clause 7 should be measured with Anechoic Chamber method. 

< end of change 1>

< start of change 2>
[bookmark: _Toc114077892][bookmark: _Toc121933431][bookmark: _Toc124151815][bookmark: _Toc130324626]A.3.3.2	TRP Test procedure
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, e.g.,  of 15 degrees or 30 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 A.3.5.1.
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 A.3.5.1.
This TRP test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRP test in SA and EN-DC mode are specified in Clause A.2.
[bookmark: _Toc114077893][bookmark: _Toc121933432][bookmark: _Toc124151816][bookmark: _Toc130324627]A.3.3.3	TRS Test procedure
[bookmark: _GoBack]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, e.g.,  of 30 degrees or 45 degree 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]).
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 and integration approaches outlined in Clause A.3.5.2.
This TRS test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRS test in SA and EN-DC mode are specified in Clause A.2.
< end of change 2>


< start of change 3>
[bookmark: _Toc130324629]A.3.5	Definition of TRP and TRS for AC
[bookmark: _Toc130324630]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  can be calculated as follows: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


with

and


[bookmark: _Toc130324631]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  Where the value of W(θn) follows Table A.3.5.2-1.can be calculated as follows (same equation as TRP):

with

and


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



< end of change 3>
