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5	Performance metrics 
[bookmark: _Toc136355428]5.1	Definition of the Total Radiated Power (TRP)

[bookmark: _Toc136355429]5.1.1	Definition of the Total Radiated Power (TRP) for AC  
5.1.1.1	Applicability of TRP metrics
The TRP metrics are defined in Clauses 5.1.1.2 through 5.1.1.3, with the applicability provided in Table 5.1.1.1-1 below.

Table 5.1.1.1-1: Applicability of TRP metrics
	Clause
	TRP definition
	Applicability

	5.1.1.2
	
	TRP for UEs supporting single-port transmission

	5.1.1.3
	
	TRP for UEs supporting non-coherent UL MIMO

	5.1.1.4
	
	Both TRPenv and TRPavg are applicable for UEs supporting coherent UL MIMO

	
	
	



5.1.1.2	TRP for UEs supporting single-port transmission
Transmitter power measurements shall be performed using the Total Radiated Power (TRP) as the measurement metric. This clause defines the definition of TRP value of NR FR1 DUT for Anechoic Chamber (AC) method. 
The TRP with Anechoic Chamber method is defined as:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]			(5.1)
Where the effective isotropic radiated power (EIRP) is defined as
	              	  (5.2)
Where  is the product of the power delivered to the antenna and the antenna’s power gain.
Where 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:
	      	      (5.3)
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:
	            	(5.4)
Where the value of  can be calculated as follows:
		(5.5)

with

and

The applicability of TRP quadratures, frequency ranges, and measurement grids is tabulated in Table 5.1.1-1.
Table 5.1.1-1: Applicability for TRP measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin()
	15
	12
	24
	266264

	
	
	30
	6
	12
	6260

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	> 3GHz
	sin()
	15
	12
	24
	266264

	
	
	30
	6
	12
	6260

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62



5.1.1.3	TRP for UEs supporting non-coherent UL MIMO
For devices capable of non-coherent UL MIMO and intended to be verified under the fixed TPMI test condition, the TRP metric defined in 5.1.1.2 is enhanced as follows:
			(5.6)

Where the effective isotropic radiated power (EIRP) is measured by configuring the UE with the transmit precoding matrix index (TPMI) set to 2:
	              	  (5.7)

By substituting equation 5.1 in Clause 5.1.1.2 for 5.8 in this Clause, all of the remaining definitions in Clause 5.1.1.2 apply for TRP for non-coherent UL MIMO.

[bookmark: tsgNames][bookmark: startOfAnnexes]5.1.1.4	TRP for UEs supporting coherent UL MIMO
For devices capable of coherent UL MIMO, the TRP metric defined in 5.1.1.2 is enhanced as follows:
			(5.8)
			(5.9)

Where both TRPenv and TRPavg are applicable for UEs supporting coherent UL MIMO.
In Equation 5.8, the effective isotropic radiated power (EIRP) is defined as the outcome of selecting the best EIRP from a sweep of all EIRP per grid point measured by configuring the UE with the transmit precoding matrix indices (TPMI) which are applicable according to the UE reported UL MIMO capability:
	              	  (5.10)
	              	  (5.11)

In Equation 5.9, the effective isotropic radiated power (EIRP) of the n-th TPMI is measured by configuring the UE with the corresponding transmit precoding matrix index set to n, where n is selected out of the set of TPMI indices according to the UE reported UL MIMO capability:
	              	  (5.12)

By substituting equation 5.1 in Clause 5.1.1.2 for 5.8 and 5.9 in this Clause, all of the remaining definitions in Clause 5.1.1.2 apply for TRP for coherent UL MIMO.

[bookmark: _Toc136355430]5.1.2	Definition of the Total Radiated Power (TRP) for RC method  
[bookmark: _Hlk129188127]TRP in the reverberation chamber is a measurement of transmitter performance in an isotropic Rayleigh fading environment that is based on sampling the radiated power of the UE/MS for a discrete number of field combinations. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained.  The TRP with Reverberation Chamber method is defined as:

Where  is the reference power transfer function for the fixed measurement antenna, is the reflection coefficient for the fixed measurement antenna and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna. These parameters are calculated from the calibration measurement and are further discussed in calibration section.  is the average power measured by the fixed measurement antenna and can be calculated using the following expression: 

Where  is sample number  of the complex transfer function measured with the fixed measurement antenna and  is the total number of samples measured.
[bookmark: _Toc136355431]5.2	Definition of Total Radiated Sensitivity (TRS)

[bookmark: _Toc136355432]5.2.1	Definition of the Total Radiated Sensitivity (TRS) for AC  
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The DUT’s receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC).
This definition will be used to calculate the Total Radiated Sensitivity (TRS) value of NR FR1 DUT. 
The TRS with Anechoic Chamber method is defined as:
	     	   (5.613)
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.
Where 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: 
	                 	 (5.714)
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:
	                  	(5.815)
Where the value of  follows Equation 5.5.
The applicability of TRP quadratures, frequency ranges, and measurement grids is tabulated in Table 5.2.1-1.
Table 5.2.1-1: Applicability for TRS measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin()
	30
	6
	12
	6260

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26

	> 3GHz
	sin()
	30
	6
	12
	6260

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26 (Note 1)

	[bookmark: MCCQCTEMPBM_00000031][bookmark: MCCQCTEMPBM_00000034]Note 1: When the back pole at = 180° cannot be measured due to obstruction and/or blocking, extrapolation is used to estimate EIS at  = 180° for measurement grids with =45° by either a) using at least two points within 15° of the pole  or b) averaging the last cut (i.e.  = 135°)


 
[bookmark: _Toc136355433]5.2.2	Definition of the Total Radiated Sensitivity (TRS) for RC method   
[bookmark: _Hlk129188373]The calculation of TRS is based on searching for the lowest power received by the UE for a discrete number of field combinations in the chamber. The downlink power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER level shall be averaged with other such measurements using different field combinations. By calibrating the average power transfer function, an absolute value of the TRS can be obtained when the linear values of all downlink power levels have been averaged.
The TRS with Reverberation Chamber method is defined as:

Where  is the reference power transfer function for the fixed measurement antenna, is the reflection coefficient for the fixed measurement antenna and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna. The parameters are calculated from the calibration measurement and are further discussed in calibration section. is the output power from the base station emulator when it is adjusted to give the specified digital error rate or throughput from the DUT for mode-stirring sample 

<< end of change >>
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