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Introduction
The following agreement was captured in RAN4-105 [1] for drafting TR38.870. 
Agreements:
· It is recommended to provide the TPs to draft TR 38.870 based on the following work split:
	[bookmark: _Hlk119680578] Clause in TR 38.870
	TP owners

	Draft TS structure, editorial correction, general information of each Clause, etc
	 vivo

	4. General
	 vivo

	5. Performance metrics
	 CAICT, Samsung

	6. UE positioning guidelines
	 vivo, CTIA

	7. Anechoic Chamber method (Reference method)
	 Apple, CAICT, QC, Samsung

	8. Alternative test methodology
	 CAICT, QC, OPPO

	9. Testing time reduction methodologies
	Keysight, vivo

	Annex A: UE coordinate system
	 OPPO

	Annex B: Estimation of Measurement uncertainty
	 R&S, Huawei

	Annex C: Environmental requirements
	 Huawei

	Annex D: Phantom Definition
	 vivo, CTIA

	Annex E: Harmonization outcome of Alternative method and Reference method
	 CAICT, OPPO



Discussion
Appendix contains text proposal from [2] for Annex B on MU (Measurement Uncertainty) for AC (Anechoic Chamber). This contribution simply transfers the text on MU from release 17 TR [2] to release 18 TR with typo corrections.
Please note that all the existing references in [2] are copied into section 2 as they are likely to be referenced in TR38.870. References to figures in section 7 (e.g. Figure 7.3-1) remain unchanged since section 7 in [2] is likely to be captured in TR38.870.
Proposal: review the text proposal. 
RC (Reverberation Chamber) MU estimation is available for UMTS and LTE in [3]. However, NR discussions on RC are still ongoing, for example, alignment with AC and also the impact (if any) due to larger bandwidth in NR. RC MU estimation would be for subsequent meetings. Therefore, separate sections for RC, for example B.4.2 for TRP in RC and B.5.2 for TRS in RC, shall be created in later versions of TR 38.870.
Conclusions
This contribution contains text proposal in AC tests for Annex B on Measurement Uncertainties in TR 38.870.
Proposal: review the text proposal.
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[bookmark: _Toc47103334][bookmark: _Toc120868734][bookmark: _Hlk72747197]Annex B:
Estimation of Measurement uncertainty
<Editor’s note: Detailed structure of the subclause is TBD. This Annex can be modified by RAN5 outcome>
[bookmark: _Toc97741387][bookmark: _Toc120868735]B.1	General
Individual uncertainty contributions in the TRP and TRS measurements are discussed and evaluated in this Annex. A technique for calculating the total measurement uncertainty is also presented. 
An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure that introduce a certain uncertainty contribution to the final measurement result. The approach in this standard test procedure is that the test laboratories are not limited to using some specific instruments and antenna positioners, for example. 
The TRP/TRS measurement procedure can be considered to include two stages. In Stage 1 the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain/radiation efficiency is known at the frequencies of interest. In Stage 2 the actual measurement of the 3-D pattern of the Device Under Test (DUT) is performed. The uncertainty contributions are analysed in clause B.2 while the uncertainty budget and example tables related to TRP and TRS are listed in clauses B.4 and B.5 respectively.
The calculation of the uncertainty contribution is based on the Guide to the expression of uncertainty in measurement [10]. Each individual uncertainty is expressed by its Standard Deviation (termed here as ‘standard uncertainty’) and represented by symbol U. The uncertainty contributions can be classified to two categories: Type-A uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and therefore cancel.
The procedure of forming the uncertainty budget is:
1)	Compile lists of individual uncertainty contributions for TRP or TRS measurement in both Stage 1 and Stage 2.
2)	Determine the standard uncertainty of each contribution by
a)	Determining the distribution of the uncertainty (Actual, U-shaped, rectangular, etc.)
b)	Determining the maximum value of each uncertainty (unless the distribution is Actual)
c)	Calculating the standard uncertainty by dividing the uncertainty by  if the distribution is U-shaped, and by  if the distribution is rectangular.
3)	Convert the units (if necessary) of each uncertainty element into the chose unit, i.e. dB.
4)	Combine all the standard uncertainties by the root-sum-squares (RSS) method to derive the ‘combined standard uncertainty’.
5)	Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: .
The combination of uncertainties is performed using dB values for simplicity. It has been shown that using dB uncertainty values gives a slightly worse combined uncertainty result than using linear values for the uncertainties. The analysis method therefore errs on the safe side.
[bookmark: _Toc120868736]B.2	MU contribution descriptions for Anechoic Chamber method
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for 1Tx, 2Tx and CA (if MU is different compared with 1Tx case), including different scenarios, e.g. Free space, hand only, head and hand, forearm>
[bookmark: _Toc97741389][bookmark: _Toc106114470][bookmark: _Toc114134430]B.2.1	Mismatch uncertainty
If the same chain configuration (e.g. including the measurement receiver; the measurement antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00dB value.
If it is not the case, this uncertainty contribution has to be considered and determined by the following methods. 
B.2.1.1	Mismatch uncertainty between measurement receiver / communication tester and the measurement antenna
In a measurement configuration, when two elements (devices, networks) are connected, if the matching is not ideal, there is an uncertainty in the RF level signal passing through the connection. The magnitude of the uncertainty depends on the VSWR at the junction of the two connectors. In practical measurement system there are probably several connections in a test set-up, they will all interact and contribute to the combined mismatch uncertainty.
The total combined mismatch uncertainty is composed of 2 parts:
1)	The mismatch through the connector between two elements.
2)	The mismatch due to the interaction between two elements.
[bookmark: _Toc516760263][bookmark: _Toc68601393]B.2.1.1.1	Mismatch uncertainty through the connector between two elements
Hereunder, a measurement configuration:
[image: ]
Figure B.2.1.1.1-1: Mismatch uncertainty through the connector
 is the complex reflection coefficient of the Measurement Receiver. This term is also applicable to the communication tester.
 is the complex reflection coefficient of the cable4.
 is the forward gain in the network between the two reflection coefficients of interest.
 is the backward gain in the network between the two reflection coefficients of interest.
Note that  and  are set to 1 if the two parts are directly connected.
The uncertainty limits of the mismatch are calculated by means of the following formula (equation 6.1 of [11]):

These mismatch limits are divided by  (equation 6.2 of [11]) because of the U-shaped distribution of the mismatch uncertainty and give the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [11]):

	
[bookmark: _Toc516760264][bookmark: _Toc68601394]B.2.1.1.2	Mismatch uncertainty due to the interaction of several elements
Previously, we presented how to determine the mismatch uncertainty between two elements through the junction (connector). Now, we introduce the other type of mismatch uncertainty, which is a result of the interaction between several elements.
Hereunder, a measurement configuration:
[image: ]
Figure B.2.1.1.1.2-1: Mismatch uncertainty due to the interaction of several elements
Firstly, we determine the mismatch uncertainty between junctions of the elements:
Between the MR and the cable3:

Between the cable3 and the cable4:

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


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

 and  are equal and correspond to the cable3 attenuation.

We consider in the general case, the following measurement configuration: 
[image: ]
Figure B.2.1.1.1.2-2: Mismatch uncertainty measurement configuration
In the general case, this uncertainty contribution can be calculated by:

 for passive elements (cables…)

[bookmark: _Toc516760265][bookmark: _Toc68601395]B.2.1.1.3	Total combined mismatch uncertainty
The two kinds of mismatch uncertainty contributions are combined by the root-sum-squares (RSS) method to derive the total combined mismatch uncertainty.
The total combined mismatch uncertainty is equal to: 
	
This formula shows that the uncertainty is frequency dependent by the way of the forward and the backward gains in the network between the two components. The uncertainty upon  and  increases with frequency.
Note that for an anechoic chamber, horn antennas are frequently used as measurement antennas. There are two kinds of horn antennas: single-polarized and dual-polarized. With the second one, it is possible to measure the co‑polarized and cross‑polarized signals without any movement of the measurement antenna, which reduces the cable antenna uncertainty contribution and improves the measurement stability.
To conduct the signals to the measurement receiver, the measurement system configuration using a dual‑polarized horn antenna has to be completed with an RF Relay. This device will include new mismatch uncertainty contributions, which have to be determined with the previously presented calculation methods, completed by the RF relay parameters contributions, and described in the following.
[bookmark: _Toc516760266][bookmark: _Toc68601396]B.2.1.2	Mismatch uncertainty of the RF relay
If the same receiver chain configuration (including the measurement receiver; the measurement antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00dB value.
If it is not the case, this uncertainty contribution has to be considered and determined by the following method.
The following figure describes the RF Relay with its S-parameters and the complex reflection coefficient of the inputs and output:
[image: ]
Figure B.2.1.2-1: Mismatch uncertainty of the RF relay 
The RF relay is used to switchover the cross and direct polarization signals from the measurement antenna. To determine RF Relay mismatch uncertainty contributions, reflection coefficients for each port and the cross-talk attenuation have to be known. 
The total combined mismatch uncertainty is composed of two parts: 
1)	The mismatch uncertainty contributions when the RF Relay switches on the direct polarization signal
2)	The mismatch uncertainty contributions when the RF Relay switches on the cross-polarization signal
Each part is composed of two types of uncertainties introduced in the previous paragraph: the mismatch through the connector between two elements and the mismatch due to the interaction between several elements.
[bookmark: _Toc516760267][bookmark: _Toc68601397]B.2.1.2.1	First part: RF Relay switched on the co-polarized signal
[bookmark: _Toc516760268][bookmark: _Toc68601398]B.2.1.2.1.1	The mismatch through the connector between two elements
Between the Input1 and the port1:

Between the port3 and the Output:

Between the Input2 and the port2:
The RF Relay switchovers on the direct polarization signal. As a result, there is no mismatch uncertainty contribution.
[bookmark: _Toc516760269][bookmark: _Toc68601399]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]B.2.1.2.2	Second part: RF relay switched on the cross-polarized signal
[bookmark: _Toc516760271][bookmark: _Toc68601401]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]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:

[bookmark: _Toc516760273][bookmark: _Toc68601403]B.2.1.2.3	Total combined mismatch uncertainty
Each non-zero mismatch uncertainty contribution from both parts (RF Relay switched on the cross and direct polarization signal) are combined by the root-sum-squares (RSS) method to derive the total combined mismatch uncertainty.
The total combined mismatch uncertainty is equal to: 

If a RF Relay is used to drive the cross and direct polarization signals from the dual-polarized antenna, this total combined mismatch uncertainty has to be added with all the uncertainty measurement contributions for the total combined measurement uncertainty.
[bookmark: _Toc97741390][bookmark: _Toc106114471][bookmark: _Toc114134431][bookmark: _Toc516760274][bookmark: _Toc68601404]B.2.2	Insertion loss 
B.2.2.1	Insertion loss of the measurement antenna cable
If the measurement antenna cable does not move between the calibration and the DUT measurement stage, the uncertainty due to the insertion loss of the cable is assumed to be systematic. Moreover, this uncertainty is common and constant in both stages and that is why this leads to 0.00dB value.
If a different cable is used in the calibration measurement and in the DUT measurement, and the difference of the insertion loss is used in the calculations, then the overall combined standard uncertainty of the insertion loss measurement should be used in the uncertainty budget. The distribution of this uncertainty is assumed to be rectangular, in which case the standard uncertainty can be calculated as the maximum value divided by .
[bookmark: _Toc516760275][bookmark: _Toc68601405]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.
[bookmark: _Toc516760276][bookmark: _Toc68601406]B.2.2.3	Insertion loss of the RF relays (if used)
See Insertion loss of the measurement antenna cable. 
If the RF relay is used in both stages, the uncertainty is considered systematic and constant  0.00dB value.
[bookmark: _Toc516760305][bookmark: _Toc68601435]B.2.2.4	Insertion loss: calibration antenna feed cable
The feed cable of the calibration antenna only appears in Stage 1. As a result, this uncertainty has to be considered.
This uncertainty will be measured or calculated from the manufacturer’s data in logs with a rectangular distribution (see clause 5.1.2 in [11]). 
[bookmark: _Toc516760306][bookmark: _Toc68601436]B.2.2.5	Insertion loss: calibration antenna attenuator (if used)
If a calibration antenna attenuator is used, it only appears in Stage 1. As a result, this uncertainty has to be considered.
This uncertainty will be calculated from the manufacturer’s data in logs with a rectangular distribution (see clause 5.1.2 in [11]).
[bookmark: _Toc516760277][bookmark: _Toc68601407][bookmark: _Toc97741391][bookmark: _Toc106114472][bookmark: _Toc114134432]B.2.3	Influence of the antenna cable
[bookmark: _Toc516760278][bookmark: _Toc68601408]B.2.3.1	Measurement antenna cable
If the measurement antenna is directional (i.e. peak gain >+5dBi e.g. horn, LPDA, etc.) and the same measurement antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00dB value.
[bookmark: _Toc516760279][bookmark: _Toc68601409]B.2.3.2	Calibration antenna cable
If an efficiency calibration is performed, influence of the calibration antenna feed cable can be assumed to be negligible, due to data averaging.
In the case of gain calibration, the influence of the calibration antenna feed cable must be assessed by measurements. A gain calibration measurement is repeated with a reasonably differing routing of the feed cable. Largest difference between the results is entered to the uncertainty budget with a rectangular distribution.
[bookmark: _Toc516760281][bookmark: _Toc68601411][bookmark: _Toc97741392][bookmark: _Toc106114473][bookmark: _Toc114134433]B.2.4	Measurement receiver: uncertainty of the absolute level
The receiving device is used to measure the received signal level in TRP tests either as an absolute level or as a relative level. Receiving device used is typically a communication tester, spectrum analyser (SA), or power meter (PM). Generally, there occurs an uncertainty contribution from limited absolute level accuracy and non-linearity. 
This uncertainty will be determined from the manufacturer’s datasheet 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.
[bookmark: _Toc516760297][bookmark: _Toc68601427][bookmark: _Toc97741393][bookmark: _Toc106114474][bookmark: _Toc114134434]B.2.5	Communication tester: uncertainty of the absolute level
The transmitter device (typically a communication tester or BS simulator) is used to drive a signal to the measurement antenna in sensitivity tests either as an absolute level or as a relative level. Receiving device used is the UE. Generally, there occurs uncertainty contribution from limited absolute level accuracy and non-linearity of the communication tester.
For practical reasons, the calibration measurement (Stage 1) should be only performed with the measurement antenna as a receiver. Hence, the uncertainty on the absolute level of the transmitter device cannot be assumed as systematic. This uncertainty will be determined from the manufacturer’s datasheet 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. Furthermore, the uncertainty of the non-linearity of the device is included in the absolute level uncertainty.
[bookmark: _Toc516760298][bookmark: _Toc68601428][bookmark: _Toc97741394][bookmark: _Toc106114475][bookmark: _Toc114134435]B.2.6	Sensitivity measurement: output level step resolution
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity threshold, used power step resolution creates this uncertainty.  Output power step used in the sensitivity measurement is divided by factor 2 and then a rectangular distribution applied to obtain the uncertainty.
[bookmark: _Toc516760282][bookmark: _Toc68601412][bookmark: _Toc97741395][bookmark: _Toc106114476][bookmark: _Toc114134436]B.2.7	Measurement distance
The uncertainty contribution from a finite measurement distance is estimated in three parts. The two three elements of mismatch uncertainty contributions are combined by the root-sum-squares (RSS) method to derive the total combined mismatch uncertainty.
[bookmark: _Toc516760283][bookmark: _Toc68601413]B.2.7.1	Offset of phase centre from axis(es) of rotation
B.2.7.1.1	Offset of DUT phase centre from axis(es) of rotation
In all the measurements defined in this test procedure the DUT and phantom combination is rotated about the ear reference point of SAM phantom, which is also assumed to be the location of the phase centre in both angular directions of the measurements. 
For some positioning systems this may be practically impossible in which case a measurement uncertainty contribution can arise because the phase centre will rotate on a non-zero radius about the centre of rotation, thereby giving a variable measurement distance. Data averaging process may lead to a partial self-cancel of this uncertainty. 
The uncertainty limits of this effect are calculated by means of the following formula (uj22 of [12]):

Because of the phase center can be anywhere between the offset limits, the distribution is assumed to have a rectangular and the phase center limit is divided by giving the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [11]):


B.2.7.1.2	Offset of calibration antenna phase centre from axis(es) of rotation
If a gain calibration is performed in Stage 1 with a directive antenna (e.g. horn antenna), the uncertainty contribution of calibration antenna’s phase centre displacement is estimated by means of the following formula (uj21 of [12]): 

Because of the phase center can be anywhere between the offset limits, the distribution is assumed to have a rectangular distribution and the phase center limit is divided by giving the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [11]):

If a gain calibration is performed in Stage 1 with omnidirectional calibration antenna (e.g. sleeve dipoles), uncertainty should be 0.00 dB provided that care is taken in their positioning since the phase centre are easily identifiable.
For an efficiency calibration with an omnidirectional calibration antenna, the  is calculated similarly as for gain calibration but the uncertainty may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration.
[bookmark: _Toc516760284][bookmark: _Toc68601414]B.2.7.2	Mutual coupling
In measurement of radio performances of UMTS mobile phones in speech mode, the mutual coupling uncertainty for this frequency band is a 0.00dB value (see annex A.2 in [13]).
The 0.00dB value can be extended for NR FR1 band frequencies.
[bookmark: _Toc516760285][bookmark: _Toc68601415]B.2.7.3	Phase curvature
This uncertainty originates from the finite far-field measurement distance, which causes phase curvature across the DUT. If the minimum measurement distance is respected, this error is assumed to be negligible.
[bookmark: _Toc516760286][bookmark: _Toc68601416][bookmark: _Toc97741396][bookmark: _Toc106114477][bookmark: _Toc114134437]B.2.8	Quality of quiet zone
The uncertainty contribution due to unwanted reflections and obstructions within the anechoic chamber, including imperfect absorber treatments and the impact of positioning equipment support structure, is determined from data acquired using the ripple test methodology in clause 7.4. This data consists of single-axis pattern cuts that represent the sum of direct and reflected rays from a highly symmetrical omnidirectional radiation pattern measured at various points throughout the test volume. The data must be measured in sufficient spatial or angular resolution to accurately capture the peaks and nulls of the pattern to within a small fraction of the overall ripple contribution. In general, the worst-case peak-to-null ripple will reflect the potential error in a peak EIRP or EIS measurement for an omnidirectional DUT pattern located anywhere within the test volume. Note however that nulls in the pattern can exhibit considerably larger errors due to reflected signals being stronger than the line-of-sight signal from the null.
When measuring the range path loss in Stage 1 using a dipole pattern, the associated measurement uncertainty may be determined from the peak-to-null ripple, after relative path loss compensation, of a single radial offset ripple test, where the range is configured as for range calibration (e.g. with any extraneous support structure removed) using a rectangular distribution.
For spherically integrated quantities such as TRP and TRS, the peak-to-null ripple would overestimate the measurement uncertainty due to the inherent averaging of the various peaks and nulls as the spherical pattern is integrated. In this case, the surface standard deviation (SSD) [15] is used to obtain a statistical representation of the expected impact of ripple on the integrated power from an isotropic radiator placed anywhere within the test volume. Due to the impracticality of maintaining a constant path loss reference between individual ripple test cuts, each resultant pattern is treated individually and then the worst case SSD result is chosen as the standard uncertainty of the quiet zone.
For the phi-axis ripple tests, the pattern can be considered an equatorial (theta = 90°) cut of the isotropic pattern where every point has equal weighting on an evenly spaced spherical surface.  Thus, the standard deviation of the single cut should be equivalent to the standard deviation of the entire spherical surface.  Defining  as the th ripple measurement point in linear power units , and  as the average of all   values in the associated ripple test, then the standard deviation of the corresponding cut is given by: 

On the theta-axis ripple test each ripple test cut can be considered as a great circle cut through an isotropic pattern with the symmetrical distortions that would be produced by revolving the pattern about the phi (0-180°) axis. Thus, it becomes apparent that ripple near the poles impacts a smaller total surface area on the sphere than that near theta = 90 and 270°. In this case, sin(theta) weighting is used to generate the spherical surface weighted standard deviation as:

Note that this equation simplifies to the previous equation when theta = 90°, so the two formulations are in fact the same, regardless of which orientation of the ripple test is used.
The standard uncertainty for the quiet zone ripple contribution to the TRP/TRS measurement is then given by the maximum SSD from all of the ripple test measurements.
[bookmark: _Toc516760287][bookmark: _Toc68601417][bookmark: _Toc97741397][bookmark: _Toc106114478][bookmark: _Toc114134438]B.2.9	DUT Tx-power drift
A single point power reference measurement in the beginning and at the end of the measurement procedure is recommended to monitor the power drift of the DUT. Based on TX-power drift measurements for typical 3G UE, an uncertainty of 0.2 dB shall be entered to uncertainty budget with a rectangular distribution. If the drift measurement indicates larger drift, the actual drift shall be included to uncertainty.
In order to minimize Tx-power drift error it is recommended to interleave sensitivity and power measurement of multiple channels. This spreads the measurements over a longer period, which helps to average the drift of the TX-power. 
Typical TX-power drifts of 3G UE, measured in a single angular point, DUT placed against phantom head are shown in Figure B.2.9-1.
[image: ]
Figure B.2.9-1: Output power variation of typical 3G UE during battery life
[bookmark: _Toc516760301][bookmark: _Toc68601431][bookmark: _Toc97741398][bookmark: _Toc106114479][bookmark: _Toc114134439]B.2.10	DUT sensitivity drift
Due to statistical uncertainty of sensitivity measurement, drift in the TRS cannot be monitored similarly to TRP. An uncertainty value of 0.2dB can be used with a rectangular distribution, or the TRS drift should be measured, with a setup corresponding to the actual TRS measurement.
[bookmark: _Toc516760288][bookmark: _Toc68601418][bookmark: _Toc97741399][bookmark: _Toc106114480][bookmark: _Toc114134440]B.2.11	Uncertainty related to the use of phantoms
[bookmark: _Toc516760289][bookmark: _Toc68601419]B.2.11.1	Uncertainty from using different types of SAM phantom
This uncertainty contribution originates from the fact that different laboratories may use the two different versions of SAM head: the SAM head phantom or the SAM phantom including the head and the shoulders. The standard SAM head is the specified phantom. However, the use of the other type of SAM is also allowed with the requirement that the resulting uncertainty contribution is considered in the uncertainty budget.
[bookmark: _Toc516760290][bookmark: _Toc68601420]B.2.11.2	Simulated tissue liquid uncertainty
This uncertainty will occur, if the laboratory uses a liquid which has dielectric parameters deviating more than ±15% of the target parameters.
[bookmark: _Toc516760291][bookmark: _Toc68601421]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]B.2.11.4	Uncertainty from using different types of Laptop Ground Plane phantom
This uncertainty contribution originates from the fact that different laboratories may use different variations of Laptop Ground Plane phantom. The standard Laptop Ground Plane is the specified phantom.
[bookmark: _Toc516760293][bookmark: _Toc68601423][bookmark: _Toc97741400][bookmark: _Toc106114481][bookmark: _Toc114134441]B.2.12	Coarse sampling grid
Decreasing of sampling density to finite number of samples affects the measurement uncertainty by two different errors. First is due to inadequate number of samples and second is a systematic discrimination approximation error in TRP and TRS equations. 
Figure B.2.12-1 shows simulated sampling grid errors for typical 3G UE. Approximation error is not included. Simulations are based on thin plate surface interpolation of real radiation patterns, measured beside a phantom head.
[image: ]
Figure B.2.12-1: Simulated TPR/TRS error as a function of sampling grid

The offset of systematic approximation error can be expressed by using formula

where
[bookmark: _Hlk95395139] is number of angular intervals in elevation,
 is elevation.
[image: ]
Figure B.2.12-2: Approximation error of TRP/TRS

The 15 sampling grid used in TRP measurements has been shown to introduce only very small differences as compared to the results obtained with denser grids, so with that sampling grid the uncertainty contribution can assumed negligible.
When using sample step size of 15 - 30, standard uncertainty of 0.15dB can be assumed to cover errors. If step size >30 is used, larger uncertainty should be considered.
[bookmark: _Toc516760294][bookmark: _Toc68601424][bookmark: _Toc97741401][bookmark: _Toc106114482][bookmark: _Toc114134442]B.2.13	Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference DUT without changing anything in the measurement setup. 
The random uncertainty differs from one laboratory to another. Moreover, each DUT has its own electromagnetic behaviour and random uncertainty. Some uncertainty also occurs from the positioning of the DUT against the SAM phantom, as the DUT cannot be attached exactly in the same way every time. This uncertainty depends on how much the DUT’s positioning against the SAM phantom and hand phantoms varies from the specified testing positions. It is noted that the uncertainty of the phone positioning depends on the phone holder and the measurement operator and is in fact difficult to distinguish from random uncertainty. Some uncertainty also occurs from the positioning of the DUT plugged into the Laptop Ground Plane phantom, as the DUT may not be plugged into the USB connector and positioned exactly in the same way every time. This uncertainty depends on how much the DUT’s position plugged into the Laptop Ground Plane phantom varies from the specified plug-in position. Therefore, the positioning uncertainty is included in random uncertainty. 
To estimate this uncertainty for the SAM phantom, it is suggested to perform at least five evaluations of TRP/TRS whereby the device shall be dismounted and newly positioned with a fully charged battery before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three phones with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized values.
With head and hand phantoms, random uncertainty evaluation may be done separately for each measurement configuration i.e. head only, browsing mode or speech mode. A speech mode random uncertainty evaluation, were both head and hand phantoms are used, can reasonably be considered to be the worst-case scenario and thus random uncertainties in other configurations to be less.
To estimate this uncertainty for the Laptop Ground Plane phantom, it is suggested to perform at least five evaluations of TRP/TRS for the plug-in position whereby the device shall be dismounted and newly positioned before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three USBs with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized value. 
[bookmark: _Toc97741402][bookmark: _Toc106114483][bookmark: _Toc114134443][bookmark: _Toc516760295][bookmark: _Toc68601425]B.2.14	Frequency response
Test systems might not be able to ensure flat frequency response across the entire channel bandwith required for testing (e.g. up to 100MHz for NR FR1). When a frequency response correction based on the results from the system calibration measurements in Stage 1 is not possible or practical, this uncertainty has to be considered.
This uncertainty term can be estimated as described in [14] using the following formula:

where is the expected relative error in the average power result for a given channel in dB, , is the linear path loss at the center frequency of the given channel, , is the linear path loss at each frequency point across the corresponding channel, and N is the number of frequency steps across a given channel bandwidth. The maximum deviation across all of the possible channels in a band shall be used to estimate the required frequency response uncertainty contribution with a rectangular distribution.
This error may be removed directly at each frequency, fj, by using the average path loss across the channel as the range loss correction rather than the path loss at the center frequency as described in [14]. 
For sensitivity measurements, this effect is included in the output level step resolution.
[bookmark: _Toc97741403][bookmark: _Toc106114484][bookmark: _Toc114134444]B.2.15	Uncertainty of network analyser
This uncertainty includes the all uncertainties involved in the S21 measurement with a network analyser, and will be determined from the manufacturer’s datasheet 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.
[bookmark: _Toc516760296][bookmark: _Toc68601426][bookmark: _Toc97741404][bookmark: _Toc106114485][bookmark: _Toc114134445]B.2.16	Uncertainty of the gain/efficiency of the calibration antenna
The calibration antenna only appears in Stage 1. Therefore, the gain/efficiency uncertainty has to be considered.
This uncertainty will be determined from the manufacturer’s datasheet 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. Alternatively, the uncertainty could come from a calibration report with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standards
If the manufacturer’s data do not give the information, the value has to be checked, see annex A.12 in [13].

[bookmark: _Toc120868737]B.3	MU contribution descriptions for Alternative method
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for 1Tx, 2Tx and CA (if MU is different compared with 1Tx case), including different scenarios, e.g. Free space, hand only, head and hand, forearm >
[bookmark: _Toc120868738]B.4	MU Assessment for TRP
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for both Reference method and alternative method, under different test cases>
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 budget is presented in Table B.4.1-2.
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



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]

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гpower meter <0.05            Гmeasurement antenna  <0.16
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

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

	4
	Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	Rectangular
	1.73
	1
	0.03

	5
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

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

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

	8
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20                     U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	9
	Coarse sampling grid
	Negligible 15° sampling grid
	0
	Actual
	1
	1
	0.00

	10
	Random Uncertainty 
	Monoblock, clamshell and PDA design used for testing 
	0.81
	Rectangular
	1.73
	1
	0.47

	11
	Frequency Response
	Average path loss corrected
	0
	Rectangular
	1.73
	1
	0.00

	 
	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	Manufacturer’s uncertainty   
	0.5
	Rectangular
	1.73
	1
	0.29

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	U-shaped
	1.41
	1
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	0.91

	Expanded uncertainty (Confidence interval of 95 %)
	1.78





[bookmark: _Toc120868739]B.5	MU Assessment for TRS
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for both Reference method and alternative method, under different test cases >
B.5.1	MU Assessment for TRS in Anechoic Chamber
The uncertainty contributions related to TRS are listed in Table B.5.1-1. A preliminary example uncertainty budget is presented in Table B.5.1-2.

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



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]

	Stage 2: DUT measurement

	1
	Mismatch of transmitter chain
	ГCommTester <0.13                   Г antenna connection <0.03
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

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

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1
	Rectangular
	1.73
	1
	0.58

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

	6
	Measurement distance   
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

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

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	9
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20
U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	10
	Coarse sampling grid
	30° sampling grid
	0.15
	Actual
	1
	1
	0.15

	11
	Random uncertainty 
	Monoblock, clamshell and PDA used for testing 
	0.91
	Rectangular
	1.73
	1
	0.53

	12
	Frequency Response
	Included in the output level step resolution
	0
	Rectangular
	1.73
	1
	0.00

	Stage 1: Calibration measurement, network analyzer method 

	13
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Rectangular
	1.73
	1
	0.29

	14
	Mismatch of transmitter chain
	Taken in to account in VNA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	15
	Insertion loss of transmitter chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	21
	Quality of quiet zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	1.12

	Expanded uncertainty (Confidence interval of 95 %)
	2.20



[bookmark: _Toc47103335]
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