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Introduction

RAN4 made some initial estimations for measurement uncertainties for EIRP/TRP and EIS measurements as their results were documented in [1]. Then RAN5 took the work from there as described in [2].

During the last meetings, RAN5 has been working on the estimation on NR uncertainties for NR FR2. 
In order to define the appropriate measurement uncertainty limits and decide which test requirements can be tested, some agreements are necessary in terms of common measurement set-up. Some discussions took place as shown in [3] and [4]. 

Additionally, in order to continue the work initiated by RAN4, further studies are required to calculate final MU values for FR2.
This document provides further analyses on the considerations required to progress on FR2 MU calculations.

Frequency ranges under consideration
According to [4], there was an agreement that the common test set-up as well as the measurement uncertainties to be calculated at this stage should consider frequencies as shown below:

	
Option 6: 23.45 GHz, 32.125GHz and 40.8GHz (for band agnostic approach)

…

Agreement 


Option 6 for band agnostic approach.


Additional 800MHz has to be considered even with the band dependent approach.


Band dependent approach has to state which band is covered and which is not,


Option 6 Maximum frequency was selected as 40.8 GHz assuming 1CC test cases for frequency bands including n260.
Proposal 1: FR2 Measurement uncertainty limits should allow either the use of a frequency banded or a frequency agnostic common test set-up approaches for frequencies up to 40.8 GHz.

Size of the quiet zone for IFF used to measure 15 cm UEs
In [1] section 5.3, it is stated that test methods are applicable based on a threshold MU based on direct far field (DFF) test method for D ≤ 5 cm and for indirect far field (IFF) test method for D > 5 cm (refer to Annex A), being D the radiating aperture of the device. However, nothing has been stated in terms of any restriction for the size of the quiet zone in the chamber.
Additionally, [1] also states the applicability of the different permitted testing methodologies as a function of the DUT antenna configuration as shown in table 5.3-2 in Annex A in this document.

On the other hand, according to [4], the following agreement was done regarding the need to measure different UE sizes:

	· Necessary MU values and DUT size?

15 cm DUT for DFF/IFF 

30 cm DUT for IFF


Agreement:

      15 cm DUT for DFF (mandatory until SS vendor won’t bring values by the October meeting.)

15 cm DUT for IFF (As per the WF below)

30 cm DUT for IFF (As per the WF below)

For IFF MU value, TE vendor need to clearly state which DUT size is optimized for the system. (what size of QoQZ or reflector are designed for )



If no MU data for 15 cm DFF is provided by AH #3, then IFF 15 cm DUT MU will be the threshold.



If no MU data for 15 cm DFF is provided by AH#3, SS vendor shall bring MU data for 15 cm IFF at AH #3.


When DFF applicability was defined in RAN4, it was restricted to D ≤ 5cm because otherwise far field distance would make the free space propagation losses too high. However, this is not the case of IFF, where free space propagation losses are still manageable for 30 cm devices quiet zone.

As a 30 cm quiet zone IFF could be used to measure a 15 cm device and the MU threshold is defined as the one that allows to measure a 15 cm device, the test coverage of the IFF will be higher if uncertainties are defined for IFF with 30 cm quiet zone.
Proposal 2: Use 30 cm quiet zone IFF to define IFF uncertainties

UE power class

In [5], there are 4 different power classes defined for the FR2 NR devices:
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Table 1: Power class requirements summary

For UL power measurement test cases, it is assumed that UE power class 3 will be the worst case in terms of dynamic ranges and measurement uncertainties, as the SNR in the measurement receiver will be lowest possible and hence measurement uncertainties must be based in that case.

Proposal 3: Assume power class 3 devices for UL power measurements uncertainties or define measurement uncertainties for each power class.

Power range for EIRP measurements

In [1], estimations for either EIRP and TRP for any of the permitted testing methodologies assume that UE is operating at max output power, in-band, non-CA (refer to NOTE 2 in the table included in Annex B in this document)
It is understood that the UE output power impacts at least the “Uncertainty of the RF power measurement equipment” factor. If the power received at the conducted part of the Test Equipment decreases, the SNR will also decrease, and the uncertainty could be higher.
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Figure 1: Illustration of conducted part of the TE reference plane for DFF

Our understanding from RAN4 uncertainties estimations is that having the UE operating at max output power means that the power assumed the input of the conducted part of the test equipment has been estimated as the min peak EIRP of a power class 3 n260 device (20.6 dBm) minus the free space loss in the chamber plus the measurement antenna gain (minus some connector losses).
However, according to either TRP or EIRP procedures defined in [1] (refer to Annex C in this document for a quick reference), the basic measurement is the EIRP measurement per polarization.

The TX beam peak of the UE can be in any direction and the UE antenna and the measurement antenna polarizations alignment is unlikely for that direction. It means that the real EIRP power level measured per polarization could go from the expected total EIRP to -infinity. However, it is not necessary to consider the whole range in measurement uncertainties estimations because the impact on the min peak EIRP measurement uncertainties of one of the polarizations will become negligible once a given threshold is crossed (e.g. 16 dB lower than the dominant polarization EIRP). 

Proposal 4: Consider at least an additional [16 dB] margin over the min peak EIRP power for a power class 3 n260 device at conducted reference plane when determining the uncertainties for the TX beam peak EIRP related to the SNR in “Uncertainty of the RF power measurement equipment” MU factor.

Following the same rationale, when determining the measurement uncertainties for the CDF spherical coverage EIRP measurements, the conducted power range to be considered should focus on the measurement grid points that should pass the percentile criteria, hence it should be based on the spherical coverage requirement for a power class 3 n260 device (8 dBm) minus the free space loss in the chamber plus the measurement antenna gain (minus some connector losses) minus the additional [16 dB] margin to account for the power split between 2 polarizations.

Proposal 5: Consider at least an additional [16 dB] margin over the spherical coverage 50% percentile requirement for a power class 3 n260 device at conducted reference plane when determining the uncertainties for the spherical coverage requirement related to the SNR in “Uncertainty of the RF power measurement equipment” MU factor.
On top of that, it is not clear whether RAN4 measurements uncertainty estimations refer to an EIRP measurement per polarization or whether it refers to the total in EIRP. Our understanding is that it refers to EIRP measurement per polarization. If this the case, measurement uncertainty calculations for total EIRP needs to be updated to consider one EIRP measurement per polarization.

Proposal 6: Measurement uncertainty calculations for total EIRP needs to be updated to consider one EIRP measurement per polarization.

Temperature variation

Conformance test systems typically operate in a laboratory environment. Test system performance should be ensured in at least a range of 10 ºC around the room temperature (which typically varies from 20 ºC to 25 ºC). Temperature variation should be considered in some of the measurement uncertainty factors listed for EIRP/TRP/EIS described in [1] (refer to Annex B for a quick reference):
· Amplifiers uncertainties

· Uncertainty of the RF power measurement equipment

· gNB emulator uncertainties
· Uncertainty of network analyser

Proposal 7: Consider at least a 10 ºC variation in measurement uncertainty factors “amplifier uncertainties”, “Uncertainty of the RF power measurement equipment”, “gNB emulator uncertainties” and “Uncertainty of network analyser”.

Spectral flatness

In FR2 maximum channel bandwidth considered for 1CC should be 400 MHz. If not considered explicitly, frequency response for at least 400 MHz should be considered within the following measurement uncertainty factors:
· Amplifiers uncertainties

· Uncertainty of the RF power measurement equipment

· gNB emulator uncertainties
Proposal 8: Consider at least 400 MHz frequency response in measurement uncertainty factors “amplifier uncertainties”, “Uncertainty of the RF power measurement equipment” and “gNB emulator uncertainties”.
System level calibration

Initial measurement uncertainties estimation done in RAN4 considered the system calibration to be run using a vector analyser. The measurement set-up considered there was quite simple as it included only one amplifier connected at the output of the measurement antenna in the UL path. 

With the common test set-up needed by a conformance test system, the number of paths (many of them including amplifiers) increase considerably. 
System calibration characterizing all the possible paths and states, including potential temperature variations to minimize measurement uncertainties could be really time consuming. 

Before deciding to minimize MUs assuming such system calibration some analysis should be done on system calibration testing time and period between calibrations. Reasonable values could be less than [3 days] for system calibration with a calibration period of [1 year].

Proposal 9:  Before deciding to minimize MUs assuming such system calibration some analysis should be done on system calibration testing time and period between calibrations
Characterization for QoQZ for spurious measurements

The FR2 testability TR [1] outlines an extensive quality of quiet zone procedure to qualify and quantify the effect of the anechoic chamber including antennas, positioning equipment, support structures, etc., on the EIRP/EIS and TRP metrics. 

Whether the same procedure shall be used for the frequencies covering the spurious emissions frequency range has not been decided yet.
There is a companion proposal in [7].

Proposal 10: Look for alternatives for QoQZ for spurious measurements.
Conclusion
This document provides further analyses on the considerations required to progress on FR2 MU calculations.

The following proposals were made in this contribution:
Proposal 1: FR2 Measurement uncertainty limits should allow either the use of a frequency banded or a frequency agnostic common test set-up approaches for frequencies up to 40.8 GHz.

Proposal 2: Use 30 cm quiet zone IFF to define IFF uncertainties.

Proposal 3: Assume power class 3 devices for UL power measurements uncertainties or define measurement uncertainties for each power class.
Proposal 4: Consider at least an additional [16 dB] margin over the min peak EIRP power for a power class 3 n260 device at conducted reference plane when determining the uncertainties for the TX beam peak EIRP related to the SNR in “Uncertainty of the RF power measurement equipment” MU factor.

Proposal 5: Consider at least an additional [16 dB] margin over the spherical coverage 50% percentile requirement for a power class 3 n260 device at conducted reference plane when determining the uncertainties for the spherical coverage requirement related to the SNR in “Uncertainty of the RF power measurement equipment” MU factor.

Proposal 6: Measurement uncertainty calculations for total EIRP needs to be updated to consider one EIRP measurement per polarization.

Proposal 7: Consider at least a 10 ºC variation in measurement uncertainty factors “amplifier uncertainties”, “Uncertainty of the RF power measurement equipment”, “gNB emulator uncertainties” and “Uncertainty of network analyser”.

Proposal 8: Consider at least 400 MHz frequency response in measurement uncertainty factors “amplifier uncertainties”, “Uncertainty of the RF power measurement equipment” and “gNB emulator uncertainties”.

Proposal 9:  Before deciding to minimize MUs assuming such system calibration some analysis should be done on system calibration testing time and period between calibrations

Proposal 10: Look for alternatives for QoQZ for spurious measurements.
As it is assumed that some of the MU proposals to this meeting could have missed some of the above proposals, a new proposal is added as a conclusion:

Proposal 11: Any MU estimation proposal subject to be endorsed should declare assumptions regarding the aspects summarized in this contribution and summarized in table below:
	ID
	Assumption

	#1
	Frequency ranges under consideration

	#2
	Size of QZ for IFF 

	#3
	Power range for EIRP measurements considered at the conducted reference plane

	#4
	Impact of 2 EIRP measurements when combining measurements per polarization

	#5
	Temperature variation impact

	#6
	Spectral flatness

	#7
	UE power class

	#8
	System level calibration testing time and period

	#9
	Characterization for QoQZ for spurious measurements


Table 2: Some MU factors assumptions to be declared on MU proposals
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Annex A: Test method applicability in TR 38.810
5.3
Test method applicability

The test methods in subclause 5.2 are applicable to test cases based on being less than or equal to a threshold MU.

The threshold MU for the equivalence framework will be based on direct far field (DFF) test method for D ≤ 5 cm and for indirect far field (IFF) test method for D > 5 cm.

A permitted test method will have applicability to at least one test case. Applicability is a function of DUT Antenna Configuration as defined in Table 5.3-1 DUT Antenna Configuration can be chosen by an optional declaration from a manufacturer.

[image: image5.png]Table 5.3-1: DUT Antenna Configuration

DUT Antenna
Configuration

Description

1

Maximum one antenna panel with D < 5 cm acive at any
one time

2

More than one antenna panel D < 5 cm without phase
coherence between panels active at any one time.

3

[Any phase coherent antenna panel of any size (e.g.
sparse array)





Table 5.3-2 indicates the high-level applicability of test methods by DUT Antenna Configuration.

[image: image6.png]Table 5.3-2: Overview of test method applicability for permitted test methods
DUT Antenna Direct Far Indirect Far | Near Field to
Configuration Field (DFF) Field (IFF) far field

transform
(NFTF)
1 Yes Yes Yes
2 Yes Ves Yes
3 No Ves No
NOTE: A posilive indication means fhat applicabiliy exists for at least one RF
test cases for the given DUT Antenna Configuration





Annex B: EIRP and TRP initial measurement uncertainty estimation in TR 38.810

In [1], it can be found the uncertainty assessment for EIRP and TRP measurements for IFF as shown below:

Table B.1.3.3-1: IFF method 1 measurement uncertainty for EIRP and TRP measurement
	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.10
	Normal
	2.00
	0.05

	2
	Quality of Quiet Zone (NOTE 1)
	1.50
	Actual
	1.00
	[1.50]

	3
	Standing wave between DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	4
	Mismatch (NOTE 2)
	1.30
	Actual
	1.00
	[1.30]

	5
	Insertion loss variation of receiver chain
	0.10
	Rectangular
	1.73
	0.06

	6
	RF leakage (from measurement antenna to receiver)
	0.10
	Actual
	1.00
	0.10

	7
	Uncertainty of the RF power measurement equipment (NOTE 3)
	2.16
	Normal
	2.00
	[1.08]

	8
	Amplifier Uncertainties
	2.00
	Normal
	2.00
	1.00

	9
	Random Uncertainty
	0.40
	Rectangular
	1.73
	0.23

	10
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Stage 1: Calibration measurement

	11
	Mismatch RX chain
	0.00
	U-shaped
	1.41
	0.00

	12
	Misalignment positioning system
	0.00
	Normal
	2.00
	0.00

	13
	Quality of the Quiet Zone for the calibration process (NOTE 1)
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of network analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Insertion As loss variation of receiver chain
	0.00
	Rectangular
	1.73
	0.00

	17
	Mismatch in the connection of calibration antenna
	0.07
	U-shaped
	1.41
	0.05

	18
	Uncertainty of the absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.8]

	19
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	0.00
	Normal
	2.00
	0.00

	20
	RF leakage (from measurement antenna to receiver)
	0.10
	Actual
	1.00
	0.10

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.10
	Normal
	2.00
	0.05

	22
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.99]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.13]

	NOTE 1:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP [1.5 dB]

NOTE 2:
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 3:
The assessment assumes maximum DUT output power.


Similar tables are defined for either DFF or NFTF.

Annex C: EIRP/TRP measurement procedures in TR 38.810

In [1], it can be found EIRP/TRP measurement procedures for permitted testing methodologies. Snapshot below show the measurement procedures for DFF (similar to IFF ones):

5.2.1.3.2
EIRP Measurement Procedure

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid points that is 10224 (2.5deg step size) using constant step approach or 7080 using constant density approach (using the charged particle implementation). The TX beam peak direction is where the maximum total component of EIRP is found. The spherical coverage measurement grid points is the same as that for beam peak direction searching, i.e. 10224 (2.5deg step size) for constant step or 7080 for constant density (using the charged particle implementation). The measurement grids is calculated under assumption of 8x2 patch antenna array, MU of absolute TX power beam peak measurement of 0.5dB. 

1)
Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization.

2)
Lock the beam toward that direction for the entire duration of the test.

3)
Measure the mean power (Pmeas, θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

4)
Calculate EIRPθ by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas,θ 

5)
Measure the mean power (Pmeas,φ) of the modulated signal arriving at the power measurement equipment.

6)
Calculate EIRPφ by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas,φ
7)
Calculate total EIRP = EIRPθ + EIRPφ

5.2.1.3.3
TRP Measurement Procedure

The minimum number of measurement points for TRP measurement grid is calculated based on 8x2 patch antenna array, a maximum standard deviation of 0.25dB.

If constant step approach is used for TRP measurement, several measurement grids are permitted: 

1.
264 measurement points (15deg step size) with TX beam peak oriented in any direction; an additional mean error  of 0.34dB need to be considered by using classic TRP equation); 
2.
612 measurement points (10deg step size) with the TX beam peak oriented in any direction using classic TRP equation; no additional mean error needs to be considered
If constant density approach (using the charged particle or the golden spiral implementation) is used, the minimum number of measurement points is 140; no additional mean error needs to be considered.

1)
Connect the SS with the DUT through the measurement antenna with desired polarization reference PolMeas to form the TX beam towards the desired TX beam direction and respective polarization. 

2)
Lock the beam toward that direction and polarization for the entire duration of the test. 

3)
For each measurement point, measure Pmeas,θ and Pmeas,φ. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

4)
Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ, (LEIRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)

5)
The TRP value for the uniform measurement grid is calculated using
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2π.

The TRP values for the constant density grids are calculated using:
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where [image: image10.png]


 is the number of measurement points.
