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< Unchanged sections omitted >
[bookmark: _Toc152607322][bookmark: _Toc154585639][bookmark: _Toc155641268][bookmark: _Toc155641541][bookmark: _Toc162185376]4.1	Device types
The following device types are within the scope of enhanced FR1 TRP TRS WI:
-	Smartphone 
[bookmark: _Hlk87955420]-	Considering UEs with antenna configurations of 1Tx, 2Tx, 2 Rx and 4 Rx
-	wWearable Redcap UE
-	Tablet
-	Laptop embedded equipment (LEE)
-	Laptop mounted equipment (LME)
< Unchanged sections omitted >
[bookmark: _Toc152607326][bookmark: _Toc154585643][bookmark: _Toc155641272][bookmark: _Toc155641545][bookmark: _Toc162185380]4.3	Testing bands
<Editor’s note: parameters for EN-DC and CA bands can be further added. >
[bookmark: _Toc152607327][bookmark: _Toc154585644][bookmark: _Toc155641273][bookmark: _Toc155641546][bookmark: _Toc162185381]
< Unchanged sections omitted >
[bookmark: _Toc152607330][bookmark: _Toc154585647][bookmark: _Toc155641276][bookmark: _Toc155641549][bookmark: _Toc162185384]4.3.4	EN-DC band combinations
<Editor’s note: Example EN-DC combinations can be further added. >
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 Section 7.3B.2.3 (Inter-band EN-DC within FR1).
Table 4.3.4-1: 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 TS 37.544 [14], Clause 5.3 and 5.4 (Measurement frequencies for E-UTRA FDD and TDD).
Note 2:	As per Table 4.3-1 and Table 4.3-2 in this specification. The measurement parameters for NR Low Mid High ranges correspond to E-UTRA Low Mid High ranges respectively.



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

[image: 图示

描述已自动生成]
Figure 4.3.4-1: Decision tree to select the EN-DC band combination for TRP/TRS testing

[bookmark: _Toc152607331][bookmark: _Toc154585648][bookmark: _Toc155641277][bookmark: _Toc155641550][bookmark: _Toc162185385]4.3.5	CA band combinations
<Editor’s note: Example CA combinations can be further added. >
< Unchanged sections omitted >

[bookmark: tsgNames][bookmark: startOfAnnexes]
[bookmark: _Toc152607335][bookmark: _Toc154585652][bookmark: _Toc155641281][bookmark: _Toc155641554][bookmark: _Toc162185389]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.
< Unchanged sections omitted >
[bookmark: _Toc152607337][bookmark: _Toc154585654][bookmark: _Toc155641283][bookmark: _Toc155641556][bookmark: _Toc162185391]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:
	     	   (5.6)
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: 
	                 	 (5.7)
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:
	                  	(5.8)
Where the value of  follows Equation 5.5.
The applicability of TRP TRS 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
	62

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26

	> 3GHz
	sin()
	30
	6
	12
	62

	
	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°)



< Unchanged sections omitted >
[bookmark: _Toc152607342][bookmark: _Toc154585659][bookmark: _Toc155641288][bookmark: _Toc155641561][bookmark: _Toc162185396]6.2.1	Wide Grip Hand
This positioning guideline is suitable for DUTs with width >72mm and ≤92mm. 
The positioning guideline for mounting a DUT in the Wide Grip Hand Phantom defined in CTIA Certification OTA Test Plan 01.71 section 2.2.7 [14], is used for FR1 TRP TRS testing for UE with Width >72mm and ≤92mm in this technical report.
[image: ]
Figure 6.2.1-1: Positioning guidance for Wide Grip Hand (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
< Unchanged sections omitted >
[bookmark: _Toc152607345][bookmark: _Toc154585662][bookmark: _Toc155641291][bookmark: _Toc155641564][bookmark: _Toc162185399]6.3.1	General
The positioning specified in this clause is used for the test cases for Talk Mode using Head & Hand Phantom. The characteristics of the Hand Phantom and Head Phantom are specified in Annex D. 
Talk mode is used to simulate user cases where the DUT is placed into a hand phantom, which is holding the DUT against the SAM head phantom, presenting a realistic voice call operation of the DUT. Same as Browsing mode, the DUT for talk mode shall also be mounted in a suitable hand phantom:
-	Wide Grip Hand for UE with Width >72mm and ≤92mm
-	PDA Grip Hand for UE with Width ≥56mm and ≤72mm
In this section, the procedure provides the guideline on how to place the DUT+hand against the head phantom. The detailed DUT positioning into hand phantom for talk mode is defined in section 6.3.2 and 6.3.3. 
For talk mode, the DUT is attached to the head phantom in “cheek” position. The DUT performance is measured on both left and right side of the head. Three points as shown in Figure 6.3.1-1 define the reference plane: centre of the right ear piece (RE), centre of the left ear piece (LE) and centre of mouth (M).
Definition of the ‘Cheek’ position:
1.	Align the ear piece of the phone (see Figure 6.3.1-1) at the line RE-LE. Then, position the DUT beside the phantom so that the vertical line (see Figure 6.3.1-3) is parallel to the reference plane in Figure 6.3.1-2 and is aligned with the line M-RE on the reference plane (see Figure 6.3.1-3).
2.	Position the DUT so that the ear piece of the DUT touches the ear piece of the phantom head on the line RE-LE. Tilt the DUT chassis towards the cheek of the phantom having the vertical line aligned with the reference plane until any point on the front side of the DUT is in contact with the cheek or until the contact with the ear is lost.
NOTE:	A holder fixture made of e.g. plastic may be used to position the handset against the phantom. 
[image: ]
Figure 6.3.1-1: Reference plane on head phantom, front view

[image: ]
Figure 6.3.1-2: Reference plane on head phantom, side view
[image: ]
Figure 6.3.1-3: Reference lines at a mobile handset.
In addition, 6° tilt angle from the cheek is being used instead of having direct contact between the cheek and DUT. A mask may be used to help configuration of cheek + 6° tilt angle. The mask is a 32 mm wide conformal strip, created by sweeping the surface of the head phantom through a 6º rotation about the ear. Direct DUT contact against the mask thus establishes the required 6º spacing away from the cheek, regardless of DUT form factor. The material for the head phantom mask spacer shall have dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Material additions can be used to help fixing of the mask spacer onto the head phantom.
In summary, for head + hand phantom, keeping the DUT in the hand phantom in the position defined in clause 6.2, while place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6° tilt angle as described above.
< Unchanged sections omitted >
[bookmark: _Toc129284755][bookmark: _Toc152607350][bookmark: _Toc154585667][bookmark: _Toc155641296][bookmark: _Toc155641569][bookmark: _Toc162185404]6.5.1	Forearm Phantom placement in the chamber
The Forearm Phantom shall be mounted in the chamber coordinate system as shown in Figure 6.5.1-1.
[image: ]
Figure 6.5.1-1: Positioning guidance for Forearm Phantom in the chamber (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
[bookmark: _Toc129284756][bookmark: _Toc152607351][bookmark: _Toc154585668][bookmark: _Toc155641297][bookmark: _Toc155641570][bookmark: _Toc162185405][bookmark: _Hlk131791831]6.5.2	Wrist-Worn RedCap Device mounted on the Forearm Phantom 
This positioning guideline is suitable for wrist-worn RedCap devices.
The positioning guideline defined in CTIA Certification OTA Test Plan 01.71 section 2.3 [14], is used for FR1 TRP TRS testing for wrist-worn RedCap devices in this technical report.
The Wrist-worn Device should be fully aligned under some specific virtual Plane to make sure the Wrist-worn Device is properly mounted on the Forearm Phantom.  Plane J cuts through the surface of the forearm phantom and passes through the target test position and is perpendicular to the Y-axis. Plane J is the X-Z plane. Plane K cuts through the forearm phantom at the target test position and is perpendicular to the Z‑axis.  Plane K is the X-Y plane. Plane A and Plane B are virtual planes on wrist-worn device. Plane A cuts through the center of wrist band and Plane B cuts through the center of the display.
Plane B shall be fully aligned with Plane J when the device is mounted on the forearm phantom.
[image: ]
Figure 6.5.2-1: Positioning guidance for Wrist-Worn Device mounted on the Forearm Phantom (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
DUTs shall be mounted with sufficiently snug band tightness so as to prevent the DUT from slipping off under the force of gravity when the phantom is inverted.
Similar to handheld UEs, there are also two Orientations for Wrist-worn RedCap Devices representing the Left and Right Wrist, as shown in Figure 6.5.2-2.
[image: ]
Figure 6.5.2-2: Left and Right positioning for Wrist-Worn Device on Forearm Phantom (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
[bookmark: _Toc152607352][bookmark: _Toc154585669][bookmark: _Toc155641298][bookmark: _Toc155641571][bookmark: _Toc162185406]7	Anechoic Chamber method (Reference method)
[bookmark: _Toc152607353][bookmark: _Toc154585670][bookmark: _Toc155641299][bookmark: _Toc155641572][bookmark: _Toc162185407]7.1	General
This Cclause defines the test method with Anechoic Chamber system, which is agreed as a reference method for FR1 TRP and TRS testing. 
< Unchanged sections omitted >
[bookmark: _Toc152607355][bookmark: _Toc154585672][bookmark: _Toc155641301][bookmark: _Toc155641574][bookmark: _Toc162185409]7.3	Calibration procedure
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 center of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
[image: ]
Figure 7.3-1: 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 center 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 7.3-1.
2.	Configure the proper output power of VNA.
3.	Measure the response LCE of each path from each θ polarization of the measurement antenna to the reference antenna in the center of QZ.
4.	Repeat the steps 1 to 3 with the reference antenna aligned with the ϕ polarization of the measurement antenna.
Then, the , Where LDE is cable loss from D to E. GcalG_cal is the gain or efficiency of the calibration antenna at the frequency of interest. In TRP and TRS measurements point C is connected to the calibrated input/output port of measurement receiver.
This range path loss calibration procedure is common to both SA and EN-DC measurements.
[bookmark: _Toc152607356][bookmark: _Toc154585673][bookmark: _Toc155641302][bookmark: _Toc155641575][bookmark: _Toc162185410]7.4	TRP Test procedure
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc152607357][bookmark: _Toc154585674][bookmark: _Toc155641303][bookmark: _Toc155641576][bookmark: _Toc162185411]7.4.1	General
For TRP and TRS testing in SA or EN-DC mode, measurements should be only performed at NR carrier. The LTE link antenna in EN-DC mode is used to provide a stable LTE link to the DUT without precise path loss or polarization control.
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 the sampling step for theta () and phi () axes defined in Table B.2.12-1, Annex B.2.12. For some test system that 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 5.1.1.
For TRP measurement, the evaluations shall be performed at maximum transmit power.
< Unchanged sections omitted >
[bookmark: _Toc152607360][bookmark: _Toc154585677][bookmark: _Toc155641306][bookmark: _Toc155641579][bookmark: _Toc162185414]7.4.2.2	Test procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, 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 5.1.1.
[bookmark: _Toc152607361][bookmark: _Toc154585678][bookmark: _Toc155641307][bookmark: _Toc155641580][bookmark: _Toc162185415]7.4.3	TRP test procedure for NR 2Tx configuration
<Editor’s note: this clause defines test procedure for single-layer UL MIMO, TxD >
[bookmark: _Toc152607362][bookmark: _Toc154585679][bookmark: _Toc155641308][bookmark: _Toc155641581][bookmark: _Toc162185416]7.4.3.1	UE configuration
In general, the UE 2Tx configuration can be categorized into two test cases, i.e., TxD and UL-MIMO. 
For TxD test case, the TRP should be measured with all the Tx antenna ON. For SA, the NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2G.1 (UE maximum output power for Tx Diversity) 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 Clause 4.3 of this TR. 
FFS phase issue between 2Tx antennas under TxD configuration, e.g., with additional UE-specific configuration based on UE declaration.
For single-layer UL-MIMO, the baseline TRP measurement should be performed with all the Tx antenna ON. The detailed TPMI configuration for each UE type is as followsing: 
[bookmark: _Hlk146706955]-	For non-coherent UE support fullpowerMode1, fixed TPMI index =2 as baseline configuration
-	For non-coherent UE does not support fullpowerMode1, single-layer UL-MIMO TRP testing is not required.
-	For coherent UE, two or four TPMI index from TPMI index =2~5 based on UE declaration.
[bookmark: _Toc152607363][bookmark: _Toc154585680][bookmark: _Toc155641309][bookmark: _Toc155641582][bookmark: _Toc162185417]7.4.3.2	TxD TRP Test procedure
<Editor’s note: the study to mitigate or consider the phase between antennas unresolved issues is FFS >
For UE configured with 2Tx for TxD mode, the measurement procedure of TRP 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 6.2G.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 5.1.1.
[bookmark: _Toc152607364][bookmark: _Toc154585681][bookmark: _Toc155641310][bookmark: _Toc155641583][bookmark: _Toc162185418]7.4.3.3	Single-layer UL-MIMO TRP Test procedure
For non-coherent UE support fullpowerMode1, the test procedure for single-layer UL-MIMO TRP Testing is as followsing:
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 step 4 for ULFPTx in section 6.2D.1.4.2 of TS 38.521-1 [5] with the exception of UE configuration defined in clause 7.4.3.1 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 5.1.1.
For coherent UE UL-MIMO TRP testing, the common test procedure is as followsing:
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 for ULFPTx in section 6.2D.1.4 of TS 38.521-1 [5] with the exception of UE configuration defined in clause 7.4.3.1 and ensure the DUT transmits with its maximum power.
3)	Set the SS to transmit  with [i=2].  
4)	Measure the power and calculate  by adding the composite loss of the entire transmission path.
5)	Repeat steps 3) and 4) for the remaining or subset of  with [i={3,4,5}].
6)	Repeat steps 3) to 5) for each measurement grid point.
Note: Based on different test system implementation, step 5 and step 6 may be switched.
How to data processing the measured EIRPs is FFS.
[bookmark: _Toc152607367][bookmark: _Toc154585684][bookmark: _Toc155641313][bookmark: _Toc155641586][bookmark: _Toc162185421]< Unchanged sections omitted >
7.4.4.2	Test procedure
For UE configured with inter-band DL CA (two bands) with only single uplink CC, 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 6.2A.1.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
3)	Measure the power for the UL CC at each measurement point, and calculate EIRP(θ,ϕ) by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1.1.
[bookmark: _Toc152607368][bookmark: _Toc154585685][bookmark: _Toc155641314][bookmark: _Toc155641587][bookmark: _Toc162185422]7.5	TRS Test procedure
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA.>
[bookmark: _Toc152607369][bookmark: _Toc154585686][bookmark: _Toc155641315][bookmark: _Toc155641588][bookmark: _Toc162185423]< Unchanged sections omitted >
[bookmark: _Toc152607370][bookmark: _Toc154585687][bookmark: _Toc155641316][bookmark: _Toc155641589][bookmark: _Toc162185424]7.5.2	TRS test procedure for NR 1Tx configuration
[bookmark: _Toc152607371][bookmark: _Toc154585688][bookmark: _Toc155641317][bookmark: _Toc155641590][bookmark: _Toc162185425]7.5.2.1	UE configuration
<Editor’s note: RedCap configuration can be further added, mainly the band parameters and number of antennas>
For Standalone, 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 Clause 4.
For EN-DC, 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 38.508-1 [7], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4. 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;
-	or PC2, p-MaxEUTRA-r15=23 dBm, and p-NR-FR1= 23dBm.
Different from handheld UE, a Redcap UE is required to be equipped with a minimum of single Rx antenna and maximum of two Rx antenna.
[bookmark: _Toc152607372][bookmark: _Toc154585689][bookmark: _Toc155641318][bookmark: _Toc155641591][bookmark: _Toc162185426]7.5.2.2	Test Procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, 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 5.2.2.
[bookmark: _Toc152607373][bookmark: _Toc154585690][bookmark: _Toc155641319][bookmark: _Toc155641592][bookmark: _Toc162185427]7.5.3	TRS test procedure for NR 2Tx configuration
[bookmark: _Toc152607374][bookmark: _Toc154585691][bookmark: _Toc155641320][bookmark: _Toc155641593][bookmark: _Toc162185428]7.5.3.1	UE configuration
For TRS testing of UE with TxD, the UE configuration is same as Clause 7.5.2.1, with an exception configuration that all Tx antenna shall be ON and consistently operating at maximum power level condition.
For TRS testing of UE with single-layer UL-MIMO (coherent UE and non-coherent UE), the UE configuration is same as Clause 7.5.2.1, with exception that all Tx antenna shall be ON, the UE shall be configured by fixed TPMI index = 2  and consistently operating at maximum power level condition.
< Unchanged sections omitted >
[bookmark: _Toc152607376][bookmark: _Toc154585693][bookmark: _Toc155641322][bookmark: _Toc155641595][bookmark: _Toc162185430]7.5.4	TRS test procedure for NR DL CA configuration
<Editor’s note: In the current release of the specification, RAN4 has not introduced CA TRS requirements in Rel-18. >
[bookmark: _Toc152607377][bookmark: _Toc154585694][bookmark: _Toc155641323][bookmark: _Toc155641596][bookmark: _Toc162185431]< Unchanged sections omitted >
[bookmark: _Toc97741372][bookmark: _Toc106114452][bookmark: _Toc114134412][bookmark: _Toc152607381][bookmark: _Toc154585698][bookmark: _Toc155641327][bookmark: _Toc155641600][bookmark: _Toc162185435]7.6.2	Ripple test procedure
Unwanted reflections and support structure blockage cause a volumetric ripple to the field magnitude measured by or created by the measurement antenna as shown in Figure 7.6.2-1, affecting every possible test point within a desired test volume. By rotating an omnidirectional antenna through the test volume as illustrated by the red line, this volumetric ripple may be probed to obtain an estimate of the measurement uncertainty due to this volumetric error. Note, however, that the volumetric ripple caused by multipath reflections is related to the wavelength and the relative path lengths of the direct and reflected paths to the measurement antenna, and is not inherently a function of the test volume. As illustrated in Figure 7.6.2-1(left), when the wavelength is relatively large compared to the test volume, it may not be possible to probe the entire range of errors that may actually exist within the test volume. Doing so would require probing an area larger than the test volume in order to accurately estimate the error within the test volume. Even when the test volume is several wavelengths in size, a given evaluation of the ripple may not completely caliper the worst-case error conditions within the test volume (Figure 7.6.2-1 (right)).
[image: ]
Figure 7.6.2-1: Volumetric ripple and 20cm Phi axis cut
Conversely, field non-uniformities in the test volume caused by amplitude taper of the measurement antenna and shadowing of portions of the test volume by support structure are geometric in nature and relate directly to the size of the test volume and the related factors of the measurement antenna and support structure. This test procedure attempts to capture the impact of these effects to within the practical limits of the available test volume and test equipment expected in the lab.
The quiet zone ripple test covers two cylindrical test volumes, one for handsets and smaller devices, with or without head and/or hand phantoms, and a larger volume for testing up to notebook PC sized devices.  The smaller cylinder is 30 cm in diameter, concentric to the phi axis, and 30 cm tall along the phi axis, centered on the intersection of the theta and phi axes.  The larger cylinder is 50 cm in diameter, concentric to the phi axis, with the base of the cylinder coincident with that of the smaller cylinder and a height of 36 cm along the phi axis.  The test consists of a set of individual ripple tests about the phi- and theta-axes utilizing both electric dipoles and magnetic loop dipoles to generate uniform omnidirectional dipole-like patterns about the axis of rotation. Data is measured on the co-polarized measurement antenna element for each corresponding test. 
For the phi-axis ripple test, each reference antenna is oriented with its axis parallel to the phi axis at a total of three positions, offset 15 cm perpendicular to the phi axis with 0 cm and ±15 cm offsets parallel to the phi axis. At each position, the phi axis is rotated 360° to record the ripple. Each position is labeled by its radial and axial offset from the center position, (R, Z). See Figure 7.6.2-2 for additional information.
[image: ]
Figure 7.6.2-2: Phi-axis test geometry
For the notebook sized test volume, three additional test positions are added to the phi-axis test in order to cover the larger test cylinder.  These positions are offset 25 cm perpendicular to the phi axis with -15, 0, and +21 cm offsets parallel to the phi axis, as shown in Figure 7.6.2-3.
[image: ]
Figure 7.6.2-3: Phi-axis test geometry for the notebook sized test volume
For the theta-axis ripple test, each reference antenna is oriented with its axis parallel to the theta axis at a total of eight positions on the surface of the cylinder defined above. Defining Cartesian coordinates (X, Y, Z) with the Z-axis along the phi-axis, the Y-axis along the theta-axis, and the measurement antenna moving in the XZ plane relative to the reference antenna used for the ripple test, the test positions are given as (±15 cm, 0, ±15 cm) and (0, ±15 cm, ±15 cm), relative to the center of the test volume as shown in Figure 7.6.2-4.  At each position, the theta axis is rotated over as much of 360° as supported by the system to record the ripple (e.g. ±165°).  For systems that can only move theta in the range of 0-180° or less, the phi axis may be rotated 180° and a second cut measured to meet or exceed the ±165° range.  Each position is labeled by its (X, Y, Z) offset from the center position.

[image: ]
Figure 7.6.2-4: Theta-axis test geometry
For the notebook sized test volume, eight additional test positions are added to the theta-axis test in order to cover the larger test cylinder.  These positions are given as (±25 cm, 0, -15 cm), (±25 cm, 0, +21 cm), (0, ±25 cm, 0, -15 cm), and (0, ±25 cm, +21 cm), as shown in Figure 7.6.2-5.
[image: ]
Figure 7.6.2-5: Theta-axis test geometry for the notebook sized test volume
For each polarization and band, repeat the following steps:
For the phi-axis ripple test:
1. Place the measurement antenna and any associated theta-axis positioner at theta = 90° such that the measurement antenna is boresight with the center of the quiet zone.  The measurement antenna should be at the same separation distance to be used for actual pattern measurements. This distance must be at least the minimum measurement distance away from the center of the quiet zone as defined in clause 7.7.  Select the polarization of the measurement antenna to correspond to the polarization (theta or phi) to be tested.
2. Mount the reference antenna to the phi-axis positioner using a low permittivity dielectric support. Use the sleeve dipole for the theta polarization and the loop for the phi polarization. At each of the specified offset positions, ensure that the axis of the reference antenna is parallel to the phi axis of rotation.
3. Attach a signal source to a coaxial cable feeding the measurement antenna and set the frequency to the appropriate channel. Set the amplitude to a level appropriate for the measurement receiver. Connect a measurement receiver to the reference antenna. The received signal during the ripple test measurement should be at least 40 dB above the noise floor or noise errors greater than 0.1 dB will result. Ensure that all coaxial cables are dressed to minimize effects upon the measurement results.
4. Rotate the reference antenna about the phi axis and record the signal received by the measurement antenna at resolution sufficient to ensure smoothly varying curves for a total of 360°.
5. Record the measurement results in a format suitable for calculating the ripple test metric.
6. Record test parameters including: (a) the distance between the measurement and reference antennas, (b) cable losses and other losses associated with the measurement setup, (c) the power of the signal source at the reference antenna connector, and (d) the noise level of the receiver with no signal applied.
7. Repeat steps 1 through 6 above for each reference antenna (polarization and band) for each of the required test positions.  In order to accommodate reference positioning in the lower portion of the quiet zone, support materials with a dielectric constant less than 1.2 may be removed to a maximum distance of 25 cm outside the quiet zone for the tests that require additional clearance.

For the theta-axis ripple test:
1. Place the measurement antenna such that it is boresight with the center of the quiet zone.  The measurement antenna should be at the same separation distance to be used for actual pattern measurements. This distance must be at least the minimum measurement distance away from the center of the quiet zone as defined in clause 7.7. Select the polarization of the measurement antenna to correspond to the polarization (theta or phi) to be tested.
2. Mount the reference antenna in the quiet zone using a low permittivity dielectric support and such that rotating the theta positioner will cause the measurement antenna to rotate relative to the reference antenna. Use the sleeve dipole for the phi polarization and the loop for the theta polarization. At each of the specified offset positions, ensure that the axis of the reference antenna is parallel to the theta axis of rotation.
3. Attach a signal source to a coaxial cable feeding the measurement antenna and set the frequency to the appropriate channel. Set the amplitude to a level appropriate for the measurement receiver. Connect a measurement receiver to the reference antenna. The received signal during the ripple test measurement should be at least 40 dB above the noise floor or noise errors greater than 0.1 dB will result. Ensure that all coaxial cables are dressed to minimize effects upon the measurement results.
4. Rotate the reference antenna about the theta axis and record the signal received by the measurement antenna at resolution sufficient to ensure smoothly varying curves for a total of at least ±165° or the equivalent (e.g. 0-360°).  For systems that are unable to rotate a full ±165°, the reference antenna may be mounted to the phi axis and two separate theta cuts from 0 to165° may be taken, after rotating the phi axis 180° between the first and second cut.
5. Record the measurement results in a format suitable for calculating the ripple test metric.
6. Record test parameters including: (a) the distance between the measurement and reference antennas, (b) cable losses and other losses associated with the measurement setup, (c) the power of the signal source at the reference antenna connector, and (d) the noise level of the receiver with no signal applied.
7. Repeat steps 1 through 6 above for each reference antenna (polarization and band) for each of the required test positions.  In order to accommodate reference positioning in the lower portion of the quiet zone, support materials with a dielectric constant less than 1.2 may be removed to a maximum distance of 25 cm outside the quiet zone for the tests that require additional clearance.
[bookmark: _Toc152607382][bookmark: _Toc154585699][bookmark: _Toc155641328][bookmark: _Toc155641601][bookmark: _Toc162185436]7.7	Minimum Range Length
This sub-section specifies the minimum range lengths for NR FR1 TRP-TRS OTA systems. The range length is defined as the distance from the centre of the quiet zone to the aperture of the measurement probes/antennas, as illustrated in Figure 7.7.1-1. 
[image: ]
Figure 7.7.1-1: Illustration of range length definition
The minimum range length shall be the maximum of the following three limits:

-	The phase uncertainty limit: RQZ+2Drad2/
-	The amplitude uncertainty limit: 3D
-	The reactive Near-Field limit: RQZ+2
where RQZ is defined as the radius of the quiet zone, i.e., RQZ=D/2, and Drad is the diameter of the effective radiating aperture. The minimum range length calculations for D=30cm quiet zone size TRP-TRS OTA test systems shall assume that Drad is 30cm below 1GHz and decrease linearly from 30cm to 5cm from 1GHz to 7.125GHz, respectively. The last column of Table 7.7.1-1 shall be considered the minimum range length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
Table 7.7.1-1: 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



[bookmark: _Toc152607383][bookmark: _Toc154585700][bookmark: _Toc155641329][bookmark: _Toc155641602][bookmark: _Toc162185437]< Unchanged sections omitted >
[bookmark: _Toc152607389][bookmark: _Toc154585706][bookmark: _Toc155641335][bookmark: _Toc155641608][bookmark: _Toc162185443]8.3.2.1	Coherence bandwidth calculation
The coherence bandwidth (CBW) is a metric to determine the correlation in frequency within a working volume of a reverberation chamber (RC). To measure CBW, one should calculate the complex autocorrelation of the transmission parameter () for each mode-stirred sample over a minimum [100] MHz bandwidth, as follows [21]:

         											(8.1)
Where  represents the normalized correlation function at the  frequency step and the  mode stirring sample. S21 (fj, n) represents the measured complex S21 at the frequency step fj with [P] frequency points measured within a given bandwidth (BW) such that  and ). The symbol * represents the complex conjugation acting on this parameter. n is the mode stirring sample index with a total number equal to [N].  is the frequency offset index with a frequency resolution of , i.e., , and  [21].
The test points could be the same as in step (a) given in Section 8.3.3 namely, T=12 for chambers with a turntable or T=24 for chambers without a turntable. 
To measure CBW, follow these steps:
(a) Select the center frequency fc and BW. A typical measurement frequency range of min [100] MHz channel bandwidth is used as the default. 
(b) Determine the number of measurement points P with respect to frequency.
(c) Determine the total number of stirring sequence N.
(d) Measure the S-parameters, specifically  and calculate the correlation function using equation 8.1.
(e) Average the autocorrelation functions R(i, n) over all mode stirring sequence (i.e. index n) at each frequency point (i.e., index i).
(f) Identify the coherence bandwidth corresponding to a value of [0.5] in autocorrelation function R(i, n), as shown in Figure 1.
(g) Steps (a) through (f) may be repeated for different chamber loading configurations, e.g., using absorbers or similar materials, to meet specific coherence bandwidth requirements.
[image: ]
[bookmark: MCCQCTEMPBM_00000037][bookmark: MCCQCTEMPBM_00000039][bookmark: MCCQCTEMPBM_00000038]Figure 8.3.2.1-1: The CBW plots based on the correlation function for loading with two different amounts of RF absorbers in the chamber. The threshold of 0.5 is chosen as shown by the dotted lines.

[bookmark: _Toc152607390][bookmark: _Toc154585707][bookmark: _Toc155641336][bookmark: _Toc155641609][bookmark: _Toc162185444]8.3.3	Chamber spatial uniformity
The reverberation chamber shall have a working volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. The spatial uniformity test defines this working volume as the valid test zone of the chamber which must be large enough to contain the entire DUT plus any test scenario elements such as phantom fixtures. If DUT size is not known at the time of chamber validation, the minimum test zones described in the reference method [24] of 30cm × 30cm or 50cm × 36cm can be used in order to enable the same device size applicability. The test positions T describing this working volume need to maintain the same distance requirements as the calibration antennas throughout the procedure, i.e. reference antenna or DUT shall maintain a distance of more than 0.7 wavelengths from chamber loading and more than 0.5 wavelengths from reflective surfaces.
The value of the uncertainty contribution is determined by repeated calibration measurements for T different positions and orientations of the calibration antenna to determine the statistical variation as a function of frequency, or at least at the frequencies at which the chamber is to be used. It can be assumed that this uncertainty contribution value is normally distributed.
The T calibration configurations refer to T reference antenna positions. The operator should select these positions depending on whether or not a turntable is present in the chamber. The following instructions and explanation will assist the operator to perform the measurements.
If there is a turntable in the RC:
-	Assume a cylindrical working volume by selecting two positions on the turntable (the outermost and innermost radial positions of the turntable are recommended). Then select two elevations (the highest and lowest possible are recommended, but far enough away from absorbent and metallic objects, if any). The cylindrical volume would become a toroid with rectangular cross-section if Rmin is non-zero due to proximity effects, as described in [22]. The role of the turntable is to stir the source to obtain more independent samples.  
If there is no turntable in the RC:
-	Choose eight positions as corners of an imaginary cubic volume. This means the recommended heights are the highest and lowest possible, but far enough away from absorbing and metallic objects.
The test steps are as follows.
(a) Choose either a cylindrical or a cubic working volume if there is or is not a turntable in the reverberation chamber. As shown by the red dots in Figure 2, use either the 4 corners of the imaginary rectangle that would form the cylindrical working volume or the 8 corners of the cubic working volume as locations for the measurement. For each location, point the antenna at three different angles, preferably at three orthogonal orientations (e.g., 45 degrees, -45 degrees, and horizontal plane). This results in a number of 12 or 24 measurements i.e., T=12 or T=24.
(b) Measure transmission coefficient  for all 12 or 24 in a complete mode stirring sequence.
(c) Calculate the power  for all 12 or 24 positions. In this way, is the reference power transfer function for position  of the calibration antenna.
(d) Calculate the average of power transfer function  over the calibration positions, i.e. or  using the following relation:
	
(e) Calculate the standard deviation of the power transfer function over T different calibration antenna positions by
	
(f) Calculate  in dB by 
	
(g) Repeat steps (a) through (f) for at least [25] frequency points evenly distributed across the NR FR1 bands. 
(h) Steps (a) through (g) are repeated for various chamber loading configurations, e.g. using absorbers or similar materials, to meet specific coherence bandwidth requirements.

[image: ][image: ]
Figure 8.3.3-1: Illustration of a working volume with (left) for cylindrical and (right) for cubic volumes.
< Unchanged sections omitted >
[bookmark: _Toc152607404][bookmark: _Toc154585721][bookmark: _Toc155641350][bookmark: _Toc155641623][bookmark: _Toc162185458]8.7	Test Volume
The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. If the UE/MS is moved around in the chamber during the measurement, the volume of the reverberation chamber can be reduced. In addition to the physical chamber size considerations, the test volume of the chamber must be large enough to place a reference antenna/test object at a minimum distance of one-half wavelength, i.e., λ/2 from the chamber walls, mode stirrers, and other electromagnetic reflective objects within the chamber, and 0.7 wavelengths from absorbing objects at the lowest test frequency.
[bookmark: _Toc152607405][bookmark: _Toc154585722][bookmark: _Toc155641351][bookmark: _Toc155641624][bookmark: _Toc162185459]9	Testing time reduction methodologies
[bookmark: _Toc152607406][bookmark: _Toc154585723][bookmark: _Toc155641352][bookmark: _Toc155641625][bookmark: _Toc162185460]9.1	General
<Editor’s note: Alternate test procedure/ test methods to reduce the testing time, or new measurement grid. >
[bookmark: _Toc152607407][bookmark: _Toc154585724][bookmark: _Toc155641353][bookmark: _Toc155641626][bookmark: _Toc162185461]9.2	Measurement grids for Anechoic Chamber method
The measurement grid simulations relied on representative antenna patterns for smartphone UEs. 
For below 3 GHz, the device simulated is a flip-phone with dual-band GSM antenna and a separate Bluetooth antenna and is shown in Figure 9.2-1 in the BHR configuration. The simulation model for the phone includes many actual components, e.g., LCD, battery, buttons, speaker, vibration motor, shields, hinge, etc. It should be noted that the coordinate system in this simulation is not aligned with the coordinate systems for smartphone UEs in free-space and/or BH configurations, specifically Clause 6. However, given the nature of the simulation analyses, this misalignment is irrelevant.
[image: ][image: ]
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Figure 9.2-1: Illustration of the antennas integrated inside the DUT mounted (GSM antenna on the top left, Bluetooth antenna on the top right, coordinate system bottom). 
The simulations for the free-space configuration use the same coordinate system as shown in Figure 9.2-1 with the phantom completely removed from the simulation setup. 
The normalized BHR patterns are shown in Figure 9.2-2 through 9.2-4 for the GSM antenna at 824 MHz and 1800 MHz and for the Bluetooth antenna at 2450 MHz, respectively. Each pattern is normalized to its respective peak, i.e., the pattern is shown with a 15dB dynamic range with a peak value of 0dB. 
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Figure 9.2-2: Normalized antenna patterns for GSM antenna at 824 MHz in BHR configuration. TRP of normalized pattern of -3.5 dB.
[image: ][image: ]
Figure 9.2-3: Normalized antenna patterns for GSM antenna at 1800 MHz in BHR configuration. TRP of normalized pattern of -4.2 dB.
[image: ][image: ]
Figure 9.2-4: Normalized antenna patterns for Bluetooth antenna at 2450 MHz in BHR configuration. TRP of normalized pattern of -6.5 dB.
The normalized FS patterns are shown in Figure 9.2-5 through 9.2-7 for the GSM antenna at 824 MHz and 1800 MHz and for the Bluetooth antenna at 2450 MHz, respectively. 
[image: ][image: ]
Figure 9.2-5: Normalized antenna patterns for GSM antenna at 824 MHz in FS configuration. TRP of normalized pattern of -3.1 dB. 
[image: ][image: ]
Figure 9.2-6: Normalized antenna patterns for GSM antenna at 1800 MHz in FS configuration. TRP of normalized pattern of -4.7 dB.
[image: ][image: ]
Figure 9.2-7: Normalized antenna patterns for Bluetooth antenna at 2450 MHz in FS configuration. TRP of normalized pattern of -4.3 dB.
For beyond 3 GHz, two sets of simulation results were utilized. The first set of results were for a smartphone UE in the FS and the BHR condition, illustrated in Figure 9.2-8.
[image: ]
Figure 9.2-8: Illustration of the simulation model for n78 patterns
The 3D antenna patterns in Figure 9.2-9 using a 30 dB dynamic range. 
[image: ][image: ]
Figure 9.2-9: Simulated antenna patterns for n78 (3.5 GHz). Left: free space (FS), right: beside head right (BHR) 
The second set of patterns are from a smartphone prototype with the antenna placed in the corner of a device with metallic ground plane.  The model is simplified and contains an LCD (glass), ground plane (PEC), camera block (PEC), opposing solid block and battery (PEC) and a plastic housing.  Dimensions of the device are 64 mm x 132 mm x 8 mm.  The antenna element is approximately 3 mm from the ground and has reasonable matching between 4-6 GHz. The peak gain is between 4.6 and 5.6 dBi, but pattern shape varies between the various frequencies.
[image: ]
Figure 9.2-10: Illustration of the simulation model for 4-6 GHz
The corresponding antenna patterns are illustrated in Figure 9.2-11.
[image: ] [image: ][image: ] [image: ][image: ]
Figure 9.2-11 Simulated antenna patterns for 4 GHz (top left), 4.5 GHz (top right), 5 GHz (middle left), 5.5 GHz (middle right), 6 GHz (bottom left).
The analyses in this contribution are closely aligned with those presented in [19]. The steps followed for the analyses are outlined and visualized in Table 9.2-1.
For the TRP analyses, a total of 10,000 rotation angles were applied and analysed. In order to apply uniform rotation vectors to the antenna pattern, the rotation angle around the y axis needed to be scaled. The rotations around the z axis were therefore handled in a completely random fashion, e.g., 360*rand(10000,1), while the distribution of rotations around the z axis needed to be scaled by sin(). The histograms of these two rotation angles are illustrated in Figure 9.2-12, while the uniform rotation vectors are illustrated in 3D in Figure 9.2-13. 
[image: ]
Figure 9.2-12: Histogram of random distribution around the z and y axes.
[image: ]
Figure 9.2-13: Illustration of 10k random rotation vectors.
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Table 9.2-1: Overview of the various steps for the TRP measurement grid analyses including overview for sample constant-step size measurement grids and pattern.
	[bookmark: _Hlk106812898]Steps
	==1° (Reference)
	==15°
	==45°

	Step 1: Import the reference pattern with very fine discretization of ==1°. 
	[image: ]

	Step 2: Determine the reference TRP based on the fine grid pattern
	

	Step 3: Apply 10k random rotation angles to the y axis followed by the z axis to the fine pattern 
	Plot of the discretized pattern (without rotation)
[image: ]
	Plot of the discretized pattern (without rotation)
[image: ]
	Plot of the discretized pattern (without rotation)
[image: ]

	Step 4: Discretize the rotated fine pattern to the coarse grid with ,  for the constant-step size grids or N grid points for the constant-density grid
	
	
	

	Step 5: Calculate the TRP based on the selected quadrature
	[image: ]
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	Step 6: Calculate the standard deviation of the 10k different TRPs and the mean error from the reference TRP
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3GPP
Various constant-step size grids were analysed for two TRP quadratures, i.e., sin(theta), the legacy quadrature, and the Clenshaw-Curtis approach. Both are currently permissible for TRP/TRS testing. The calculated standard deviations and mean errors for both quadratures are tabulated in Table 9.2.-2 for below 3 GHz and in Table 9.2-3 for beyond 3 GHz. The last column includes a background colour with the following formatting:
[bookmark: MCCQCTEMPBM_00000032][bookmark: MCCQCTEMPBM_00000035][bookmark: MCCQCTEMPBM_00000040]-	No coloured background means the std. deviation is less than 0.05dB, i.e., that this grid could be used without any additional MU impact.
-	yYellow means the std. deviation is between 0.05dB and 0.25dB, i.e., this grid could be used with a small impact in MU.
-	rRed means the std. deviation is beyond 0.25dB, i.e., these grids should not be considered any further. 
The mean error column includes similar formatting where grids that yield an absolute value mean error between 0.05 and 0.25 dB are highlighted in yellow. These measurement grids might require a new MU element, or the mean error is included in the TIS calculation somehow. Grids with a red highlight have an absolute value of the mean error of greater than 0.25 dB and should be avoided.
Clearly, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature, especially for very coarse grids. 
Table 9.2-2: Standard deviations and mean errors of TRPs after applying 10k rotations for various constant-step size measurement grids for below 3 GHz
	Constant Step-Size Grid
	Standard Deviation [dB]
	Mean Error [dB]

	= [°]
	# of unique points
	Quadrature
	Aggregate (pooling all Patterns)
	Aggregate (pooling all Patterns)

	1
	64442
	Clenshaw-Curtis
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	10
	614
	
	0.00
	0.00

	15
	266
	
	0.00
	0.00

	30
	62
	
	0.01
	0.00

	45
	26
	
	0.05
	-0.01

	60
	14
	
	0.11
	-0.01

	1
	64442
	sin(theta)
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	10
	614
	
	0.00
	-0.01

	15
	266
	
	0.01
	-0.02

	30
	62
	
	0.04
	-0.09

	45
	26
	
	0.11
	-0.21

	60
	14
	
	0.26
	-0.38



Table 9.2-3: Standard deviations and mean errors of TRPs after applying 10k rotations for various constant-step size measurement grids for beyond 3 GHz
	Constant Step-Size Grid
	Standard Deviation [dB]
	Mean Error [dB]

	= [°]
	# of unique points
	Quadrature
	Aggregate (pooling all Patterns)
	Aggregate (pooling all Patterns)

	1 
	64442
	Clenshaw-Curtis
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	15
	266
	
	0.00
	0.00

	30
	62
	
	0.11
	-0.01

	45
	26
	
	0.22
	-0.09

	60
	14
	
	0.34
	0.05

	1
	64442
	sin(theta)
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	15
	266
	
	0.01
	-0.03

	30
	62
	
	0.11
	-0.11

	45
	26
	
	0.27
	-0.33

	60
	14
	
	0.43
	-0.37



Another important set of analyses was performed for the constant-step size grids beyond 3 GHz where the EIRP at the pole of  = 180° was either set to a very small number/null (due to a potential blockage due to the positioner /pedestal), extrapolated from the second to last cut (mean of all EIRPs), or extrapolated from two neighbouring points 15° off the pole, i.e., EIRP(=165°, =0°) and EIRP(=165°, =180°). Those results for the standard deviations and the mean errors summarized in Table 9.2-4 and 9.2-5, respectively. From the standard deviations in 9.2-4, it can be observed that the impact of how the EIRP at  = 180° is treated has little effect for measurement grids as coarse as 26 grid points while a small increase in standard uncertainty can be seen for the coarsest grid with 14 points regardless of whether the final grid point does not yield a reasonable measurement or whether it is extrapolated from the second to last cut. When the pole point is not measured and considered to be a deep null, unacceptable mean errors are observed for very coarse grids. The mean errors in Table 9.2-5 show that the averaging of the pole from the 2nd to last cut or the extrapolation of the two point 15° off the pole yield very good agreement with the previous simulations that assume the grid point at the pole can be measured without any obstruction/blockage. Those two approaches are illustrated in Figure 9.2-14 for a measurement grid using the ==45° grid where the grid point at=180° (shown in blue) is extrapolated either using 8 existing measurements at=135° (shown in red) on the left or with two new grid points at=165° (shown in red) on the right. The advantage of the more extrapolation approach using two new grid points at =165° becomes more evident when considering the coarsest measurement grid presented here, i.e., ==60°, which could be considered for IoT or RedCap devices in the future. The extrapolation approach of the grid point at=180° that relies on either on the existing 8 measurements at =135° or the two close neighbours at =165° is considered necessary for above 3 GHz TRP measurement grids for the most accurate extrapolation and lowest MUs. 
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Figure 9.2-14: Illustration of extrapolation approaches for the ==45° grid

Table 9.2-4: Standard deviations for various constant-step size measurement grids and different extrapolation approaches for beyond 3 GHz; results for Clenshaw-Curtis quadrature only
	Constant Step-Size Grid
	Standard Deviation [dB]

	= [°]
	# of unique points
	Aggregate 
(pooling all Patterns)
180° is measured
	Aggregate 
(pooling all Patterns)
180° is not measured
	Aggregate 
(pooling all Patterns)
180° is averaged from previous cut
	Aggregate 
(pooling all Patterns)
180° is extrapolated from two 165° measurements

	1
	64442
	0.00
	0.00
	0.00
	0.00

	5
	2522
	0.00
	0.00
	0.00
	0.00

	15
	266
	0.00
	0.01
	0.00
	0.00

	30
	62
	0.11
	0.12
	0.11
	0.11

	45
	26
	0.22
	0.27
	0.25
	0.23

	60
	14
	0.33
	0.41
	0.38
	0.33



Table 9.2-5: Mean errors for various constant-step size measurement grids and different extrapolation approaches for beyond 3 GHz; results for Clenshaw-Curtis quadrature only
	Constant Step-Size Grid
	Mean Error (TRP-TRPref) [dB]

	= [°]
	# of unique points
	Aggregate 
(pooling all Patterns)
180° is measured
	Aggregate 
(pooling all Patterns)
180° is not measured
	Aggregate 
(pooling all Patterns)
180° is averaged from previous cut
	Aggregate 
(pooling all Patterns)
180° is extrapolated from two 165° measurements

	1
	64442
	0.00
	0.00
	0.00
	0.00

	5
	2522
	0.00
	0.00
	0.00
	0.00

	15
	266
	0.00
	-0.01
	0.00
	0.00

	30
	62
	-0.01
	-0.06
	-0.01
	-0.01

	45
	26
	-0.09
	-0.21
	-0.08
	-0.08

	60
	14
	0.05
	-0.15
	0.08
	0.07



The treatment of mean errors in the MU budget is FFS and will be finalized in RAN5, e.g., whether to consider these mean errors as a systematic uncertainty as it is currently done for FR2, i.e., the ‘Systematic error due to TRP calculation/quadrature’ MU element, specifically B.2.1.24 of [20].
[bookmark: _Toc152607408][bookmark: _Toc154585725][bookmark: _Toc155641354][bookmark: _Toc155641627][bookmark: _Toc162185462]9.3	Other solutions 
<Editor’s note: other concluded solutions to reduce testing time, including analysis and outcome >
[bookmark: _Toc47103333][bookmark: _Toc152607409][bookmark: _Toc154585726][bookmark: _Toc155641355][bookmark: _Toc155641628][bookmark: _Toc162185463]< Unchanged sections omitted >
[bookmark: _Toc516760269][bookmark: _Toc68601399][bookmark: _Toc152607422][bookmark: _Toc154585739][bookmark: _Toc155641368][bookmark: _Toc155641641][bookmark: _Toc162185476]B.2.1.2.1.2	Mismatch due to the interaction between two elements or more 
Between the Input1 and the Output:

Between the Input1 and the Input2:

The RF Relay switchovers on the cross-polarization signal. As a result; , this uncertainty contribution is usually disregarded because of the high crosstalk attenuation which is characterized by  and  S-parameters. If the crosstalk attenuation is low, this uncertainty contribution has to be considered.
Between the Input2 and the Output:

The RF Relay switchovers on the cross polarization signal. As a result; this uncertainty contribution is usually disregarded because of the high cross-talk attenuation, which is characterized by  and  S-parameters. If the crosstalk attenuation is low, this uncertainty contribution has to be considered.
[bookmark: _Toc516760270][bookmark: _Toc68601400][bookmark: _Toc152607423][bookmark: _Toc154585740][bookmark: _Toc155641369][bookmark: _Toc155641642][bookmark: _Toc162185477]B.2.1.2.2	Second part: RF relay switched on the cross-polarized signal
[bookmark: _Toc516760271][bookmark: _Toc68601401][bookmark: _Toc152607424][bookmark: _Toc154585741][bookmark: _Toc155641370][bookmark: _Toc155641643][bookmark: _Toc162185478]B.2.1.2.2.1	The mismatch through the connector between two elements
Between the Input1 and the port1: the RF Relay switchovers on the direct polarization signal. As a result, there is no mismatch uncertainty contribution.
Between the port3 and the Output:

Between the Input2 and the port2:

[bookmark: _Toc516760272][bookmark: _Toc68601402][bookmark: _Toc152607425][bookmark: _Toc154585742][bookmark: _Toc155641371][bookmark: _Toc155641644][bookmark: _Toc162185479]B.2.1.2.2.2	Mismatch due to the interaction between two elements or more
Between the Input1 and the Output:

The RF Relay switchovers on the cross-polarization signal. As a result; , this uncertainty contribution is usually disregarded because of the high crosstalk attenuation which is characterized by  and  S-parameters. If the crosstalk attenuation is low, this uncertainty contribution has to be considered.
Between the Input1 and the Input2:

The RF Relay switchovers on the cross-polarization signal. As a result; , this uncertainty contribution is usually disregarded because of the high crosstalk attenuation which is characterized by  and  S-parameters. If the crosstalk attenuation is low, this uncertainty contribution has to be considered.
Between the Input2 and the Output:

< Unchanged sections omitted >
[bookmark: _Toc516760275][bookmark: _Toc68601405][bookmark: _Toc152607429][bookmark: _Toc154585746][bookmark: _Toc155641375][bookmark: _Toc155641648][bookmark: _Toc162185483]B.2.2.2	Insertion loss of the measurement antenna attenuator (if used)
See Insertion loss of the measurement antenna cable.
If the measurement antenna attenuator is used in both stages, the uncertainty is considered systematic and constant  0.00dB value.
< Unchanged sections omitted >
[bookmark: _Toc516760291][bookmark: _Toc68601421][bookmark: _Toc152607450][bookmark: _Toc154585767][bookmark: _Toc155641397][bookmark: _Toc155641670][bookmark: _Toc162185505]B.2.11.3	Uncertainty of dielectric properties and shape of the hand phantom
The hand phantom contributes to OTA measurement uncertainty due to the manufacturing tolerances of its dielectric properties and shape. The dielectric properties on the surface of the hand may differ from those of its interior, so both are included in the evaluation. The moulded exterior surface of the hand shall be measured directly with an open-ended coaxial probe. The interior hand material is evaluated indirectly, by substituting a cube-shaped sample moulded from the same material and having some exterior surfaces removed. Following procedure will be used to evaluate the dielectric properties of the hand phantom;:
1.	Each hand shall be manufactured together with a reference cube of the same material. The sides of the reference cube shall be not less than 40 mm in length.
2.	The moulded surface on three orthogonal sides of the cube shall be sliced away to a depth of at least 3 mm, in order to expose interior material for evaluation. The remaining three sides of the cube shall be left untreated.
3.	Relative permittivity and conductivity shall be measured at ten different points on each of the three cut, exposed surfaces of the reference cube, and the combined interior averages (, , 30 points) and standard deviations (,,30 points) shall be calculated. Individual interior averages for each of these three sides (,,10 points) shall also be calculated.
4.	Relative permittivity and conductivity shall be measured at ten points on the hand phantom exterior. A measurement point shall be located to each fingertip or as close to the tip as applicable. One measurement point shall be located to the back of the hand and one to the inner surface of wrist area. The exterior averages (, , 10 points) and standard deviations (, , 10 points) calculated accordingly. 
5.	The total averages ( , ) shall be calculated as the average of exterior and interior values by either evaluating all data points or using equations : 


6.	The total standard deviations ( , ) shall be calculated as the statistical combination of exterior and interior values by either evaluating all data points or using equations: 


7.	The hands are acceptable for radiated performance testing, i.e., meet the minimal requirements, if
a.	deviates by less than 15% from the target values
b.	 deviates by less than 25% from the target values
c.	the difference between the averaged permittivity of each 10-point interior surface  deviates by less than 10% and  by less than 20% from the total average 
d.	the difference between the averaged conductivity of each 10-point interior surface deviates by less than 20% and  by less than 30% from the total average 
e.	the standard deviation of the combined measurements (30 interior points and 10 exterior points) is less than 20% for permittivity  and less than 40% for conductivity 
8.	For the hands meeting the minimal requirements of step 7, the following approximations shall be used to determine the hand uncertainty due to dielectric properties. 


, , ,  are the values determined as defined above and  and  are expanded measurement uncertainties (k = 2) of the dielectric parameter measurement method. The cube will be provided together with the hand such that the user can evaluate if the interior (cube) properties of the hand has degenerated over time by performing the test above. Coefficient ,  and  were determined by numeric simulations.
In case the hand phantoms are manufactured within CAD models, the tolerance is 2% and therefore the effects shape errors are negligible. If the tolerance is larger, a numerical study must be conducted.
[bookmark: _Toc516760292][bookmark: _Toc68601422]The assessment of uncertainties for the phantoms defined in CTIA Certification OTA Test Plan 01.72 Section 2 [25], is further detailed in CTIA Certification OTA Test Plan 01.70 Section 2 [26]. Values are from the CTIA Certification Test Plan for Wireless Device Over-the-Air Performance © CTIA Certification. Reproduced with permission.
< Unchanged sections omitted >
[bookmark: _Toc516760295][bookmark: _Toc68601425][bookmark: _Toc97741403][bookmark: _Toc106114484][bookmark: _Toc114134444][bookmark: _Toc152607455][bookmark: _Toc154585772][bookmark: _Toc155641404][bookmark: _Toc155641677][bookmark: _Toc162185512]B.2.15	Uncertainty of network analyser
[bookmark: _Toc516760296][bookmark: _Toc68601426][bookmark: _Toc97741404][bookmark: _Toc106114485][bookmark: _Toc114134445]This uncertainty includes the all uncertainties involved in the S21 measurement with a network analyser, and will be determined from the manufacturer’s datasheet which is now commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2” and the distribution used (see clause 5.1.2 in [11]) shall match that provided in the datasheet. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used.
< Unchanged sections omitted >
[bookmark: _Toc152607461][bookmark: _Toc154585778][bookmark: _Toc155641410][bookmark: _Toc155641683][bookmark: _Toc162185518]B.4	MU Assessment for TRP
[bookmark: _Toc152607462][bookmark: _Toc154585779][bookmark: _Toc155641411][bookmark: _Toc155641684][bookmark: _Toc162185519]B.4.1	MU Assessment for TRP in Anechoic Chamber
The uncertainty contributions related to TRP are listed in Table B.4.1-1. A preliminary example uncertainty budgets are presented in Table B.4.1-2 and Table B.4.1-3.
Table B.4.1-1 Uncertainty contributions in TRP measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure 7.2-1, Figure 7.2-2)

	1
	Mismatch of receiver chain 
	B.2.1

	2
	Insertion loss of receiver chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Measurement Receiver: uncertainty of the absolute level
	B.2.4

	5
	Measurement distance
	B.2.7

	6
	Quality of quiet zone
	B.2.8

	7
	DUT Tx-power drift
	B.2.9

	8
	Uncertainty related to the use of phantoms 
	B.2.11

	9
	Coarse sampling grid
	B.2.12

	10
	Random uncertainty 
	B.2.13

	11
	Frequency Response
	B.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure 7.3-1)

	12
	Uncertainty of network analyzer
	B.2.15

	13
	Mismatch of receiver chain
	B.2.1

	14
	Insertion loss of receiver chain
	B.2.2

	15
	Mismatch in the connection of calibration antenna
	B.2.1

	16
	Influence of the calibration antenna feed cable
	B.2.3

	17
	Influence of the measurement antenna cable
	B.2.3

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	B.2.16

	19
	Measurement distance
	B.2.7

	20
	Quality of the Quiet Zone
	B.2.8

	Systematic Errors

	21
	Systematic Error related to TRP grids
	B.2.12



Table B.4.1-2 Preliminary example of uncertainty budget for TRP hand only (browsing mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гreceiver < 0.33            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.26
	0.26
	U-shaped
	1.4
	1
	0.18
	0.18

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.42
	0.54
	Normal
	2
	1
	0.21
	0.27

	5
	Measurement distance  
	DUT is not offset for hand-only phantom testing
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	8
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Data Mode Fixture
	0.64
	0.64
	Rectangular
	1.7
	1
	0.37
	0.37

	9
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0
	0
	Actual
	1
	1
	0.00
	0.00

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	0.84
	0.88

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.64
	1.73

	21
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.64
	1.73



Table B.4.1-3 Preliminary example of uncertainty budget for TRP Beside Head and Hand (Talk mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гreceiver < 0.33            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.26
	0.26
	U-shaped
	1.4
	1
	0.18
	0.18

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.42
	0.54
	Normal
	2
	1
	0.21
	0.27

	5
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	0.27
	Rectangular
	1.7
	1
	0.16
	0.16

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	8
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Beside Head and Hand
	0.99
	0.99
	Rectangular
	1.7
	1
	0.57
	0.57

	9
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0
	0
	Actual
	1
	1
	0.00
	0.00

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	0.96
	1.00

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.88
	1.96

	21
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.88
	1.96



Table B.4.1-4 Preliminary example of uncertainty budget for TRP Wrist-Worn device measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гreceiver < 0.33            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.26
	0.26
	U-shaped
	1.4
	1
	0.18
	0.18

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.42
	0.54
	Normal
	2
	1
	0.21
	0.27

	5
	Measurement distance  
	DUT is not offset for forearm phantom testing
	0
	0
	Rectangular
	1.7
	1
	0
	0

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	8
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Forearm
	0.74
	0.74
	Rectangular
	1.7
	1
	0.43
	0.43

	9
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0
	0
	Actual
	1
	1
	0.00
	0.00

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	0.86
	0.91

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.69
	1.78

	21
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.69
	1.78



[bookmark: _Toc152607463][bookmark: _Toc154585780][bookmark: _Toc155641412][bookmark: _Toc155641685][bookmark: _Toc162185520]B.4.2	MU Assessment for TRP in Reverberation Chamber
Table B.4.2-1 Uncertainty contributions in TRP measurement for reverberation chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	B.2.1

	2
	Insertion loss of receiver chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Measurement Receiver: uncertainty of the absolute level
	B.2.4

	5
	Quality of Spatial Uniformity
	B.3.3

	6
	Additional power loss in EUT chassis
	B.3.1

	7
	DUT Tx-power drift
	B.2.9

	8
	Uncertainty related to the use of phantoms 
	B.2.11

	9
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	10
	Uncertainty of network analyzer
	B.2.15

	11
	Mismatch of receiver chain
	B.2.1

	12
	Insertion loss of receiver chain
	B.2.2

	13
	Mismatch in the connection of calibration antenna
	B.2.1

	14
	Influence of the calibration antenna feed cable
	B.2.3

	15
	Influence of the measurement antenna cable
	B.2.3

	16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	B.2.16

	17
	Uniformity of transfer function
	B.3.3



Table B.4.2-2 Preliminary example of uncertainty budget for TRP measurement hand only (browsing mode) for reverberation chamber method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	
1
	Mismatch of receiver chain
	Гreceiver <0.33
Гmeasurement antenna connection <0.5
Cable loss > 3dB
	0.26
	U-shaped
	1.41
	1
	0.18

	
2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0.1
	Rectangular
	1.73
	1
	0.06

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
4
	Measurement Receiver: uncertainty of the absolute level
	From datasheet of communication tester or Spectrum Analyzer
	0.54
	Normal
	2
	1
	0.27

	
5
	Quality of Spatial Uniformity
	Statistics of chamber
	
0.5
	
Actual
	1
	1
	0.5

	
6
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	7
	DUT Tx-power drift
	Drift
	0.2
	Rectangular
	1.73
	1
	0.12

	
8
	Uncertainty related to the use of phantoms 
	Material and Geometry
	0.64
	Rectangular
	1.73
	1
	0.37

	
9
	Random uncertainty
	Using the same setup and stirring sequence 
	0.25
	Rectangular
	1.73
	1
	[0.14]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	Normal
	2
	1
	0.25

	
11
	Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	
12
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
13
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	
14
	Influence of the feed cable of the calibration antenna
	Efficiency calibration used
	0
	Rectangular
	1.73
	1
	0.00

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.58
	Normal
	2
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	0.5
	Actual
	1
	1
	[0.5]

	
Combined standard uncertainty
	[image: ]
	[0.97]

	Expanded uncertainty (Confidence interval of 95 %)
	[image: ]
	[1.90]



Table B.4.2-2 Preliminary example of uncertainty budget for TRP Beside Head and Hand (Talk mode) measurement for reverberation chamber method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	
1
	Mismatch of receiver chain
	Гreceiver <0.33
Гmeasurement antenna <0.5
	0.26
	U-shaped
	1.41
	1
	0.18

	
2
	Insertion loss of receiver chain
	Typically measured
	0.1
	Rectangular
	1.73
	1
	0.06

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.54
	Normal
	2
	1
	0.27

	
5
	Quality of Spatial Uniformity
	Statistics of chamber
	
0.5
	Actual
	1
	1
	[0.5]

	
6
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	7
	DUT Tx-power drift
	Drift
	0.2
	Rectangular
	1.73
	1
	0.12

	
8
	Uncertainty related to the use of phantoms 
	Material and Geometry, Beside Head/Hand
	0.99
	Rectangular
	1.73
	1
	0.57

	
9
	Random Uncertainty
	Using the same setup and stirring sequence 
	0.25
	Rectangular
	1.73
	1
	[0.14]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	Normal
	2
	1
	0.25

	
11
	Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	
12
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
13
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	
14
	Influence of the feed cable of the calibration antenna
	Efficiency calibration used
	0
	Rectangular
	1.73
	1
	0.00

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.58
	Normal
	2
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	0.5
	Actual
	1
	1
	[0.5]

	
Combined standard uncertainty
	[image: ]
	[1.06]

	Expanded uncertainty (Confidence interval of 95 %)
	[image: ]
	[2.08]
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The uncertainty contributions related to TRS are listed in Table B.5.1-1. A preliminary example uncertainty budgets are presented in Table B.5.1-2 and Table B.5.1-3.
Table B.5.1-1 Uncertainty contributions in TRS measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure 7.2-1, Figure 7.2-2)

	1
	Mismatch of transmitter chain 
	B.2.1

	2
	[bookmark: RANGE!C7]Insertion loss of transmitter chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	[bookmark: RANGE!C9]Communication Tester: uncertainty of the absolute output level
	B.2.5

	5
	Sensitivity measurement: output level step resolution
	B.2.6

	6
	Measurement distance
	B.2.7

	7
	Quality of quiet zone 
	B.2.8

	8
	DUT sensitivity drift
	B.2.10

	9
	Uncertainty related to the use of phantoms 
	B.2.11

	10
	Coarse sampling grid
	B.2.12

	11
	Random uncertainty 
	B.2.13

	12
	Frequency Response
	B.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure 7.3-1)

	13
	Uncertainty of network analyzer 
	B.2.15

	14
	Mismatch of transmitter chain 
	B.2.1

	15
	Insertion loss of transmitter chain
	B.2.2

	16
	[bookmark: RANGE!C22]Mismatch in the connection of calibration antenna
	B.2.1

	17
	Influence of the calibration antenna feed cable
	B.2.3

	18
	Influence of the measurement antenna cable
	B.2.3

	19
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	B.2.16

	20
	Measurement distance
	B.2.7

	21
	Quality of quiet zone
	B.2.8

	Systematic Errors

	22
	Systematic Error related to TRS grids
	B.2.12



Table B.5.1-2: Preliminary example of uncertainty budget for TRS hand only (browsing mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гcomm tester < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.4
	1
	0.16
	0.16

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1.3
	1.3
	Normal
	2
	1
	0.65
	0.65

	5
	Sensitivity measurement: output level step resolution
	Systematic error that can be corrected
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Measurement distance  
	DUT is not offset for hand-only phantom testing
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	9
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Data Mode Fixture
	0.64
	0.64
	Rectangular
	1.7
	1
	0.37
	0.37

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.10
	0.18
	Actual
	1
	1
	0.10
	0.18

	11
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2
	1
	0.20
	0.20

	12
	Frequency Response
	Included in the output level step resolution
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	14
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	15
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	21
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	1.05
	1.09

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.06
	2.13

	22
	Systematic Error related to TRS grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.06
	2.13



Table B.5.1-3: Preliminary example of uncertainty budget for TRS Beside Head and Hand (Talk mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гcomm tester < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.4
	1
	0.16
	0.16

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1.3
	1.3
	Normal
	2
	1
	0.65
	0.65

	5
	Sensitivity measurement: output level step resolution
	Systematic error that can be corrected
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	0.27
	Rectangular
	1.7
	1
	0.16
	0.16

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	9
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Beside Head and Hand
	0.99
	0.99
	Rectangular
	1.7
	1
	0.57
	0.57

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.1
	0.18
	Actual
	1
	1
	0.1
	0.18

	11
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2
	1
	0.20
	0.20

	12
	Frequency Response
	Included in the output level step resolution
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	14
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	15
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	21
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	1.15
	1.18

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.25
	2.31

	22
	Systematic Error related to TRS grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.25
	2.31



Table B.5.1-4: Preliminary example of uncertainty budget for TRS Wrist-Worn device measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гcomm tester < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.4
	1
	0.16
	0.16

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1.3
	1.3
	Normal
	2
	1
	0.65
	0.65

	5
	Sensitivity measurement: output level step resolution
	Systematic error that can be corrected
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Measurement distance  
	DUT is not offset for forearm phantom testing
	0
	0
	Rectangular
	1.7
	1
	0
	0

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	9
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Forearm
	0.74
	0.74
	Rectangular
	1.7
	1
	0.43
	0.43

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.1
	0.18
	Actual
	1
	1
	0.1
	0.18

	11
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2
	1
	0.20
	0.20

	12
	Frequency Response
	Included in the output level step resolution
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	0.2
	0.5
	Normal
	2
	1
	0.10
	0.25

	14
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	15
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	0.58
	0.58
	Normal
	2
	1
	0.29
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	21
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	1.07
	1.11

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.10
	2.17

	22
	Systematic Error related to TRS grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.10
	2.17



[bookmark: _Toc152607466][bookmark: _Toc154585783][bookmark: _Toc155641415][bookmark: _Toc155641688][bookmark: _Toc162185523]B.5.2	MU Assessment for TRS in Reverberation Chamber
Table B.5.2-1 Uncertainty contributions in TRS measurement for reverberation chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	1
	Mismatch of transmitter chain 
	B.2.1

	2
	Insertion loss of transmitter chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Communication Tester: uncertainty of the absolute output level
	B.2.5

	5
	Sensitivity measurement: output level step resolution
	B.3.4

	6
	Quality of Spatial Uniformity
	B.3.3

	7
	Additional power loss in EUT chassis
	B.3.1

	8
	DUT sensitivity drift
	B.2.10

	9
	Uncertainty related to the use of phantoms 
	B.2.11

	10
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	11
	Uncertainty of network analyzer 
	B.2.15

	12
	Mismatch of transmitter chain 
	B.2.1

	13
	Insertion loss of transmitter chain
	B.2.2

	14
	Mismatch in the connection of calibration antenna
	B.2.1

	15
	Influence of the calibration antenna feed cable
	B.2.3

	16
	Influence of the measurement antenna cable
	B.2.3

	17
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	B.2.16

	18
	Uniformity of transfer function
	B.3.3



Table B.5.2-2: Preliminary example of uncertainty budget for TRS hand only (browsing mode) measurement for reverberation chamber method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	1
	Mismatch of transmitter chain
	Гcomm tester <0.29
Г meas antenna <0.5
Cable loss > 3dB
	0.22
	U-shaped
	1.41
	1
	0.16

	2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	4
	Communication tester: uncertainty of the absolute level
	From datasheet of communication tester
	1.3
	Normal
	2
	1
	0.65

	5
	Sensitivity measurement: output level step resolution
	Step 0.5dB
	0.25
	Rectangular
	1.73
	1
	0.14

	6
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Actual
	1
	1
	0.5

	7
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	9
	Uncertainty related to the use of phantoms
	Material and Geometry for Data Mode Fixture
	0.64
	Rectangular
	1.73
	1
	0.37

	10
	Random Uncertainty
	Using the same setup and stirring sequence 
	0.4
	Normal
	2
	1
	0.2

	Stage 1: Calibration measurement

	11
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Normal
	2
	1
	0.25

	12
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	13
	Insertion loss of transmitter chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	14
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.73
	1
	0

	15
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	16
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	17
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.58
	Normal
	2
	1
	[0.29]

	18
	 Uniformity of transfer function
	Statistics of chamber
	0.5
	Actual
	1
	1
	0.5

	
Combined standard uncertainty
	[image: ]
	[1.16]

	Expanded uncertainty (Confidence interval of 95 %)
	[image: ]
	[2.28]



Table B.5.2-2: Preliminary example of uncertainty budget for TRS Beside Head and Hand (Talk mode) measurement for reverberation chamber method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	1
	Mismatch of transmitter chain
	Гcomm tester <0.29
Г meas antenna <0.5
Cable loss >3dB
	0.22
	U-shaped
	1.41
	1
	0.16

	2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	5
	Communication tester: uncertainty of the absolute level
	Manufacturer’s data sheet
	1.3
	Normal
	2
	1
	0.65

	6
	Sens. measurement: output level step resolution
	Step 0.5dB
	0.25
	Rectangular
	1.73
	1
	0.14

	6
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Actual
	1
	1
	0.5

	7
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	9
	Uncertainty related to the use of phantoms
	Material and Geometry for Data Mode Fixture
	0.99
	Rectangular
	1.73
	1
	0.57

	10
	Random Uncertainty
	Using the same setup and stirring sequence 
	0.4
	Normal
	2
	1
	0.20

	Stage 1: Calibration measurement

	11
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Normal
	2
	1
	0.25

	12
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	13
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	14
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	Rectangular
	1.73
	1
	0

	15
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	16
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	17
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	[0.58]
	Normal
	2
	1
	[0.29]

	18
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Gaussian
	1
	1
	0.5

	
Combined standard uncertainty
	[image: ]
	[1.24]

	Expanded uncertainty (Confidence interval of 95 %)
	[image: ]
	[2.43]


< Unchanged sections omitted >
[bookmark: _Toc152607476][bookmark: _Toc154585793][bookmark: _Toc155641425][bookmark: _Toc155641698][bookmark: _Toc162185533]D.3	Forearm Phantom
The Forearm phantom defined in CTIA Certification OTA Test Plan 01.72 section 2.3 [25], is used for FR1 TRP TRS testing for wrist-worn RedCap UE in this technical report.
[image: ]
Figure D.3-1: Forearm Phantom with Target Test Position (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
< End of changes >
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