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1 Introduction
There has been an LS exchange between RAN4 and RAN5 trying to clarify the ownership of MUs calculation for 5G (refer to [1]). In the LS response from RAN4 to RAN5, RAN4 explained why RAN decided to include in the NR testability SI scope initial uncertainty calculations (in order to validate OTA test methodologies and to consider any potential impact on UE requirements definition). Also in that paper, RAN4 clarified the areas where RAN4 will continue working on and agreed to shift responsibilities to define MUs and TTs for NR UE RF, demodulation, and RRM test cases from RAN4 to RAN5 taking into account the inputs that RAN4 could provide.
As described in [1], RAN4 will continue to focus on the FR2 testability aspects affecting proposed test methodologies:

· far-field distance/minimum measurement distance

· vendor declarations

· baseline test methodologies 

· equivalence framework for alternate test methodologies

· QZ characterization procedure

· MU characterization procedure for OTA test methodology: MU factors definition and procedures required to minimize OTA MUs

· required reference Antennas for characterizations

· an estimate of MU for TRP/EIRP-MOP, EIS-REFSENS

· channel model for RRM/demodulation test cases

· measurement grids (grid type, min. number of measurement points, applicability)

After that, in RAN4#86 outcome within 5G NR testability Technical report (38.810 [2]), there was a change moving from “baseline + alternate testing methodologies” to “permitted testing methodologies” regarding RF parametric testing methodologies. Different permitted testing methodologies have been defined for OTA RF parametric requirements.  For each permitted testing methodology, applicability and initial MU for TRP/EIRP-MOP and EIS-REFSENS have been defined.

The purpose of this contribution is to review the progress done by RAN4 in terms of measurement uncertainties (MU) for OTA RF parametric metrics in FR2, identify which are the next test steps that RAN5 should take to progress in MU work as well as start shaping how the MU information could be described in 38.903 and 38.521-2.

2 RAN4 MU progress

2.1 Permitted testing methodologies overview
Test requirements defined in TS 38.521-2 for 5G NR FR2 bands are required to be measured in radiated mode. 
Several permitted testing methodologies are defined in TR 38.810 [1] clause 5.2 for RF parametric requirements:

· Direct Far Field (DFF).

· Direct Far Field (DFF) setup simplification for centre of beam measurement

· Indirect Far Field (IFF).

· Near Field To Far Field Transform (NFTF) (endorsed in [3] although not included in [2]).

The applicability of each permitted testing methodology based on DUT antenna implementation details above are included in [2] as:

DFF and DFF simplification for centre of beam measurements:

The applicability criteria of the DFF setup are:

-
The DUT radiating aperture is D ≤ 5 cm

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array

-
D is based on the MU assessment in Annex B.1.1.3

-
The measurement distance larger than the far-field criteria defined in section 5.2.1.3 is not precluded

-
If the uncertainties can be further optimized, the MU may be reduced or D may be increased

-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-
EIRP, TRP, EIS, EVM, spurious emissions and blocking metrics can be tested.

IFF (test method 1):

The applicability criteria of this test method are:

-
The total test volume is a cylinder with diameter d and height h

-    DUT must fit within the total test volume for the entire duration of the test

-     Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested.

-   EIRP, TRP, EIS, EVM, spurious emissions and blocking metrics can be tested.

-    No manufacturer declaration is needed 

NFTF (as defined in [3]):

The applicability criteria of the NFTF setup are:

-
The DUT radiating aperture is D ≤ 5 cm


- Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested


- If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array


- D is based on the MU assessment in Annex B.1.4.3


- If the uncertainties can be further optimized, the MU may be reduced or D may be increased

-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-   EIRP, TRP, and spurious emissions metrics can be tested.
Details on MU included in [2] per each permitted testing methodology will be further elaborated in other sub-clauses in this document.

2.2 Permitted testing methodology definition process

It is important to understand the process to define a new permitted testing methodology to maximize the outcome of the RAN4 inputs.

The process is described as a set of 11 bullets points included in the equivalence criteria definition in [2] section 4.4 (see details in 2.2.1).
Finally, a criterion based on MUs has been defined to identify the applicability of each permitted testing methodology to each test requirement (refer to section 2.2.2).
2.2.1 Equivalence criteria definition

As described in [2] section 4.4, the 11 bullet points conforming the equivalence criterion definition are:

The following 11 points have been agreed as a framework for developing OTA test to prove equivalence. 

1)
Multiple test methods may exist for each requirement.

2)
Each test method will require its own test procedure.

3)
A single conformance requirement applies for each core requirement, regardless of test procedure.

4)
Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost should not impact the common maximum accepted test system uncertainty assessment.

5)
Common test tolerances apply for all test methods addressing the same test requirement.

6)
A common way of establishing the uncertainty result from all test methods' individual budgets is established.

7)
A common method of making an uncertainty budget (not a common uncertainty budget) is established.

8)
Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others should be in this list. For each combination of measurement method and test parameter develop a list with measurement uncertainties.

9)
Describe potential OTA test methods. The description requires information about the test range architecture and test procedure. Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 

10)
 Providing example uncertainty budgets in the TR will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.

11)
 Each test method is required to provide technical documentation showing the equivalence of testing methodologies, justification on applicability statement and usage of same baseline metrics for the alternative methodologies.

Each testing methodology needs to provide applicability to test the following metrics and outline the testing aspects once the metrics are properly defined:

EIRP and TRP based metric

EIS based metric

Transmit signal quality

Radiated Spurious Emissions

Blocking (currently only IBB defined)


NOTE: Potential dynamic range limitations, measurement uncertainties and detailed test procedures are to be considered within UE conformance test aspects for 5G System with NR and LTE (Work Item 5GS_NR_LTE-UEConTest).

The linking of core requirements via test methods to conformance requirements is depicted in figure 4.4-1.
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Figure 4.4-1: OTA requirement to test mapping
Observation 1: From this equivalence criteria, it can be concluded that:
· Multiple test methods can exist:
· Direct Far Field (DFF).

· Direct Far Field (DFF) setup simplification for centre of beam measurement

· Indirect Far Field (IFF).

· Near Field To Far Field Transform (NFTF) (endorsed in [3] although not included in [2]).

· Each method could have their own testing procedures, which should be described (although there can be commonalities between different test methods)

· All test methods share:

· same metric
· minimum conformance requirement

· MU limit
· TT

· Methodology to determine MU estimations

· Information to be provided to start RAN4 discussion on whether a new test methodology is permitted consists of:

· technical documentation showing why the testing methodology is valid

· applicability of the testing methodology

· justification on applicability statement

· Initial MU estimation for TRP/EIRP-MOP, EIS-REFSENS

· Testing aspects for the metrics described below once they are defined (it includes calibration aspects and high level testing procedures)

· EIRP and TRP based metric

· EIS based metric

· Transmit signal quality

· Radiated Spurious Emissions

· Blocking (currently only IBB defined)
Observation 2: It is left to RAN5 the following tasks:

· Potential dynamic range limitations 

· Detailed testing procedures:

· Based on high level test procedures defined by RAN4 when available

· From scratch (when no input is received from RAN4)

· Final MU calculation and limit per requirement:

· Based on initial MU estimation provided by RAN4 when available

· From scratch (when no input is received from RAN4)

2.2.2 MU threshold

Besides the applicability of each permitted testing methodology described in section 2.1, Section 5.3 in [2] includes an additional criterion to determine the applicability of a permitted testing methodology per test requirement based on MU calculations as:
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.
Observation 3: Permitted testing methodologies applicability has dependencies with MU estimation per requirement and per testing methodology as well as on MU threshold.

2.3 MU information provided by RAN4

2.3.1 Metrics with MU estimation

RAN4 has been working in the initial MUs estimation for the following metrics (as concluded in [2] Annex B): TRP/EIRP-MOP and EIS-REFSENS, providing a very valuable guideline to most of RF parametric test requirements.
For each of the permitted test methodologies, RAN4 has defined:
· MU factors affecting a given metric (most of them common to all testing methodologies although some variations per testing methodology is allowed), including the following 2 stages:

· 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 is known at the frequencies of measurement

· Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.

· Information on how to quantify each MU factor (assumptions, …)
· Distribution of the probability function of each MU factor to calculate total MU

· MU factor value per testing methodology and DUT available information
· Total combined MU estimation for a given metric

Observation 4: MU factors have not been identified for all needed metric (examples of missing metrics: EVM, frequency error, etc.)

Observation 5: Identification of MU factors for missing metrics assumed to be part of RAN4 responsibilities as defined in [1] under bullet point “MU characterization procedure for OTA test methodology: MU factors definition and procedures required to minimize OTA MUs”

2.3.2 MU factors described per metric and testing methodology
In [2], RAN4 has included per metric and testing methodology:

· MU factor definition with information on how to determine such values (assumptions, state of the art,etc). For example, the ones below:
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This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving
antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical
directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level
of misalignment results in a larger measurement error for a narrower beam.

B.1.1.4.2 Measure distance uncertainty

The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the
DUT. If the distance of separation is 2D>lambda based on D being the entire device size, then the phase variation is
22.5deg. Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS. Any reduction in
the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of
limit of the error is FFS




· List of MU factors affecting a given metric (for example EIRP) with references to MU factors definition. As an example, the table below:

Table B.1.1.2-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.1.1.4.1

	2
	Measure distance uncertainty
	B.1.1.4.2

	3
	Quality of quiet zone
	B.1.1.4.3

	4
	Mismatch
	B.1.1.4.4

	5
	Absolute antenna gain uncertainty of the measurement antenna
	B.1.1.4.5

	6
	Uncertainty of the RF power measurement equipment
	B.1.1.4.6

	7
	Phase curvature
	B.1.1.4.7

	8
	Amplifier uncertainties
	B.1.1.4.8

	9
	Random uncertainty
	B.1.1.4.9

	10
	Influence of the XPD
	B.1.1.4.10

	Stage 1: Calibration measurement

	11
	Mismatch
	B.1.1.4.4

	12
	Reference antenna positioning misalignment
	B.1.1.4.11

	13
	Quality of quiet zone for calibration process
	B.1.1.4.3

	14
	Amplifier uncertainties
	B.1.1.4.8

	15
	Uncertainty of the Network Analyzer
	B.1.1.4.12

	16
	Reference antenna feed cable loss measurement uncertainty
	B.1.1.4.13

	17
	Uncertainty of an absolute gain of the calibration antenna
	B.1.1.4.14

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.1.1.4.15

	19
	Phase centre offset of calibration antenna
	B.1.1.4.17


· MU calculation per test requirement including values for customized per Testing methodology. For example, the one below: 
Table B.1.1.3-1: Uncertainty assessment for EIRP and TRP measurement (D = 5 cm)

	UID
	Uncertainty source
	Uncertainty value


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



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone (NOTE 2)
	1.50
	Actual
	1.00
	[1.50]

	4
	Mismatch (NOTE 3)
	1.30
	Actual
	1.00
	[1.30]

	5
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	6
	Uncertainty of the RF power measurement equipment (NOTE 4)
	2.16
	Normal
	2.00
	[1.08]

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	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
	0.00
	U-shaped
	1.41
	0.00

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	13
	Quality of quiet zone for calibration process (NOTE 2)
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Reference antenna feed cable loss measurement uncertainty
	0.29
	Rectangular
	1.73
	0.17

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]

	19
	Phase centre offset of calibration antenna
	0.62
	Rectangular
	1.73
	[0.36]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.20]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.37]

	NOTE 1:
The impact of phase variation on EIRP is FFS.

NOTE 2:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].

NOTE 3: 
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 4:
The assessment assumes maximum DUT output power.




Observation 6: Information about MU factors definition, list of MU factors affecting a given metric and final MU estimation per test requirement and test methodology is crucial to document final uncertainty calculation at RAN5 level. 
2.3.3 MU estimation dependencies on DUT information
As it can be seen either in the applicability of the permitted testing methodologies described in section 2.1 or the Measurement uncertainty budget defined in [2] Annex B per testing methodology, there are some MU factors that have dependencies on either radiating aperture or device size depending on the testing methodology, what makes that final MU estimated values have dependencies with these parameters.

Some of the MU factors referred above are the ones shown below:
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The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the
DUT. If the distance of separation is 2D>lambda based on D being the entire device size, then the phase variation is
22.5deg. Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS. Any reduction in
the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of

limit of the error is FFS.
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The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically
the effect of reflections within the anechoic chamber including any positioners and support structures. The MU term
additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the
centre of the quiet zone as well as the directivity MU, i.¢., the variation of antenna gains in the different direct line-of-
sight links. An additional MU term related to phase variation and phase ripple effects which depends on measurement
distance is FFS, this might require an augmentation of the quality of the quiet zone validation procedure.
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This contribution originates from the finite far field measurement distance, which causes phase curvature across the
antenna of UE/reference antenna. At a measurement distance of 2D%/lambda the phase curvature is 22.5 degrees. The

impact of this factor is FFS




Observation 7: Some MU factor values could have dependencies with DUT manufacturer declared information.

2.3.4 Frequency range covered in RAN4 provided MU estimations

Although not properly documented in [2], frequency range considered so far in RAN4 MU estimations is limited to 43.5 GHz. It can be seen on the definition of Mismatch MU factor as well as in RAN4 contribution in [13]. The background under such decision was to consider frequency bands defined so far under Rel-15 minimizing the workload on initial MU estimation with the goal to maximize the test coverage during the testability SI phase.

Observation 8: RAN5 workload on MU estimations will increase if frequency range is split to optimize MUs for a given frequency band.
2.3.5 Constraints on the MU information provided by RAN4

There are some constraints on the MU information provided by RAN4:
2.3.5.1 Not all metrics

Not all metrics have been covered by RAN4: only TRP/EIRP-MOP, EIS-REFSENS. 

However, RAN5 could progress in some of the estimations for different metrics with the guidelines already provided by RAN4. For example:

· For minimum output power (defined as a directional requirement), MU factors, will be the same as for EIRP-MOP. However, some of the MU factor values could change due to the lower absolute power level being measured.

· An ACLR metric is a relative TRP measurement. RAN5 could identify which MU factors will remain due to the relative measurement as well as check which uncertainty factors should become relative instead of absolute and identify the values for those

· A SEM measurement is an absolute TRP measurement. MU factors, will be the same as for TRP-MOP. However, some of the MU factor values could change due to the lower absolute power level being measured.

While there will be other metrics that RAN5 should decide whether to wait or whether to send some suggestions to RAN4 on the MU factors to be considered (for example for EVM or frequency error).

Observation 9: RAN5 could progress on MU for some additional requirements based on the information already provided by RAN4 while RAN4 progresses in more complex metrics.
2.3.5.2 Limited DUT size or radiating aperture

As documented in [2] Annex B, initial MU estimations provided by RAN4 have dependencies with either radiating aperture or DUT size as summarized in the pictured below:
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There is a strong market demand to get MUs calculated for devices up to 30 cm (or the reasonable assumptions for radiating aperture in these devices, in case the applicability of a permitted testing methodology needs manufacturer declaration for this type of device) as stated in section 2.2.3 of [14].

Observation 10: RAN5 could analyze which are the MU factors that could vary with either the radiating aperture or DUT size in order to determine the MU estimation for at least one permitted testing methodology to measure devices up to 30 cm.
2.3.5.3 Metric restrictions
As described in the foot notes of the measurement uncertainty assessment tables in [2] Annex B.1.X.3, MU estimations provided by RAN4 have been calculated only for the case of operating at max output power, in-band and non-CA cases.
Observation 11: RAN5 could work on extending the measurement uncertainty assessment calculation for different power levels, for different frequency ranges (out-of-band) and on how uncertainty calculations should be modified for CA cases.
2.3.5.4 Test coverage of the measurement set-up to be covered
In RAN4#84bis, there were discussions on how the measurement set-up looked like to calculate the Measurement Uncertainties. More concretely, it was discussed that:

· Conformance test systems have not only a radiated part but also a conducted part. 

· Conducted part of the test systems is dependent on the test requirements to be covered by an specific test system (full coverage with a very complex test system with higher insertion losses and complex mismatch uncertainties vs a simpler test system with partial coverage, lower insertion losses and simpler mismatch losses).

· Losses of the conducted part affected to the absolute power levels measurement uncertainties

· Conducted part complexity also affects the mismatch uncertainty factor.
Most of test vendors acknowledged above statements as shown in [8], [9], [10] and [11]. Finally, as described in [12], RAN4 didn’t considered a “super-measurement set-up” to define MUs.initial estimations and only considered a set-up to measure Maximum output power as described in attached excel sheet (which was not included in [12] although a reference was added).
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Observation 12: RAN5 could discuss the complexity of the test system to be considered on MU calculations and modify uncertainties estimations provided by RAN4 accordingly if needed. This task is related to the connection diagrams discussion.
2.3.5.5 Measurement grids

Measurement grids will have an impact on final MUs. However, which measurement grids should be used or the minimum number of test points to be considered have not yet been defined by RAN4. 
Observation 13: MU initial estimations provided by RAN4 (and to be used as baseline) could vary depending on the outcome of measurement grids discussions once held.

3 TT dependencies on MUs

RAN5 can also discus which the relationship between MU and TT will be for 5G NR in FR2.

Some discussion was already started at:

· RAN4 level (refer to [5]):
The discussion was focused on:

· the need of clarifying whether a “shared risk principle” or a “never fail a good UE principle” should be applied when defining the test tolerances for 5G NR (and this is the main dependency between MUs and TTs)

· the definition of the “shared risk principle itself”

· which 3GPP test specs should contain the information about the principle to be followed

No agreement was achieved at that time.

· RAN plenary level (refer to [6]):
The discussion was focused on minimization of TT in order to achieve IMT-2020 goals. The outcome of the RAN plenary discussion was to hold this discussion at RAN5 level. 

In a very simplistic way, the difference between MU and TT can be described as follows:

· TT: how much UE minimum conformance requirements can be relaxed to pass the requirements
· MU: Which is the error in a measurement
Typically, these 2 were linked in LTE specs [7] because the criteria followed, instead of being a “shared risk principle”, was “Never fail a good UE”. Hence, TT was for most of the requirements equal to MU. 
However, there are some regulatory test cases (for example spurious) where TT was zero (despite having a measurement uncertainty different from zero).

The discussion basically is which is the acceptable trade-off between network deployments and UE implementation: in case a zero TT is decided, UE implementations need to be improved with stricter requirements as no relaxation will be allowed.
Observation 14: RAN5 can discuss which principle must be followed for TT definition while progressing on MU estimations.
4 Ownership of MU calculation per testing methodology and test requirement

Based on the information described in previous section of this document, the MU definition process has to be done per:

· Testing methodology,

· Test requirement.

Observation 15: This is a considerable amount of work that needs to be done by RAN5 to complete RAN5 5G NR work plan. 

Considering the tight schedule for RAN5 5G NR work plan, RAN5 should need to define a way forward for MU calculation and define ownership for this big work. One approach, to split MU work and accelerate the completion of test cases definition, can be to define the following responsibilities:

· Each company with a test case assigned in WP TS 38.521-2 will be responsible to define at least one MU threshold for each test case assigned in the wok plan. With MU threshold definition, the corresponding test case can be considered as completed regarding MU calculation. Cooperation with other interested companies is encouraged.
· Any other company can define MU calculation per test requirement for other permitted testing methodologies, and evaluate whether such permitted testing methodology is applicable to the corresponding test case.
5 Format of the MU information in 38.521-2
This section starts the discussion about how to depict MU and TT values into TS 38.521-2 for each test case.

One approach, to improve maintenance and readability of TS 38.521-2, is to define the following sections into TS 38.521-2:

· Define an Annex to specify MU limits (MU threshold) per test case. This MU limits are common for all testing methodologies. This annex can be similar as Annex F of TS 36.521-1.

· Define an Annex to specify applicability of permitted testing methodology per test requirement. This annex will contain a table describing per test requirement, permitted test methodologies as a function of DUT antenna implementation details available. The format of this table is proposed in [4].

· Include references to TR 38.903 for details on MU limit calculation in above annexes.

6 Format of the MU information in 38.903
Based on information described previous sections, it is stated that MU calculation needs to be done per testing methodology considering different MU factors per test requirement. Just to capture all the required information for the MU definition into TR 38.903, it is suggested to define the content of sections and sub-section of TR 38.903.

Proposal 14: Define the following sections and sub-sections to capture all required information for the MU definition into TR 38.903:

· Sections per testing methodology

· Sub-section for MU factor definition describing possible values of such parameter to be used in final MU calculation. Similar to Annex B.1.X.4 in TR 38.810 [2]. 

· Sub-section for MU factors affecting a given metric (for example EIRP) including a table listing MU factors with references to MU factors definition sub-section. As Annex B.1.X.2 in TR 38.810 [2]
· Sub-section for MU calculation/assessment per test requirement:

· Final section of MU threshold determination, indicating definition of MU threshold and references to the sections where its calculation can be found.
7 MU Next steps

Taking into account above observations, the following proposals are made in order to shape RAN5 tasks that could be addressed from now onwards:

Proposal 1: Regarding observation 2, RAN5 could work on identification of testing feasibility issues per testing methodology (i.e. which test requirements can’t be tested with a permitted testing methodology) due to potential dynamic ranges limitations. There will be no need to perform MU estimation for these requirements in affected permitted testing methodology (neither test procedures). 

Proposal 2: Taking into account observation 3, RAN5 should clarify permitted testing methodology per test requirement (specific proposal provided in a companion paper [4]), based on permitted testing methodology applicability (including DUT manufacturer declarations or device size dependencies), MU estimation comparison to MU threshold as well as testability issues as outcome of proposal 1. Details of these analysis should be documented in 38.903 while final summary table should be included in an annex in 38.521-2 (as proposed in sections 5 and 6).

Proposal 3: Based on observation 3 too, RAN5 should progress on the definition of the MU threshold/limits per test requirement with high priority as it triggers the final evaluation of whether a permitted testing methodology is applicable to a test requirement. 

Proposal 4: As described in observation 9, RAN5 could start progressing the MU estimation for some test requirements with the information already provided by RAN4. It could be discussed whether it make sense to group MU estimation per test requirement set depending on technical commonalities.
Proposal 5: With lower priority, RAN5 could work on identifying the MU factors for totally new metrics and send the outcome to RAN4 as information (considering observations 4 and 5).

Proposal 6: Taking into account Observation 6 and section 5 and 6 in this document, Information about MU factors definition, list of MU factors affecting a given metric and final MU estimation per test requirement from [2] could be copied into 38.903 so it can be evolved for other related metrics as well as new metrics. Similar information should be documented for any MU estimation that RAN5 works on.
Proposal 7: It is proposed to defer the optimization of MUs splitting frequency ranges to a later stage to keep the workload under control taking into account 5G NR conformance testing WI timing (taking into account observation 8).

Proposal 8: RAN5 should start analyzing which are the MU factors that could vary with either the radiating aperture or DUT size in order to determine the MU estimation for at least one permitted testing methodology to measure devices up to 30 cm. Assumptions on radianting aperture size will be required for this type of devices for some permitted testing methodologies (as per observation 10).
Proposal 9: RAN5 should start discussions on the complexity of the test system to be considered on MU calculations and modify uncertainties estimations provided by RAN4 accordingly if needed. This task is related to the connection diagrams discussion (as already suggested in observation 12). 
Proposal 10: RAN5 should track measurement grid discussions at RAN4 level and update changes on MU estimations if needed.

Proposal 11: According to section 4, Split MU definition work into the following areas:

· Each company with a test case assigned in WP TS 38.521-2 will be responsible to define at least one MU threshold for each test case assigned in the wok plan.

· Interesting companies should define MU calculation per test requirement for other permitted testing methodologies.

Proposal 12: According to section 4, MU calculation for a test case is completed once the MU is estimated for at least one MU threshold. 
Proposal 13: According to section 5,
· Define an Annex to specify MU limits (MU threshold) per test case. This MU limits are common for all testing methodologies. This annex can be similar as Annex F of TS 36.521-1.

· Define an Annex to specify applicability of permitted testing methodology per test requirement. This annex will contain a table describing per test requirement, permitted test methodologies as a function of DUT antenna implementation details available. The format of this table is proposed in [4].

· Include references to TR 38.903 for details on MU limit calculation in above annexes.
Proposal 14: Define the following sections and sub-sections to capture all required information for the MU definition into TR 38.903:

· Sections per testing methodology

· Sub-section for MU factor definition describing possible values of such parameter to be used in final MU calculation. Similar to Annex B.1.X.4 in TR 38.810 [2]. 

· Sub-section for MU factors affecting a given metric (for example EIRP) including a table listing MU factors with references to MU factors definition sub-section. As Annex B.1.X.2 in TR 38.810 [2]
· Sub-section for MU calculation/assessment per test requirement:

· Final section of MU threshold determination, indicating definition of MU threshold and references to the sections where its calculation can be found.
8 Conclusion
The purpose of this contribution is to review the progress done by RAN4 in terms of measurement uncertainties (MU) for OTA RF parametric metrics in FR2, identify which are the next test steps that RAN5 should take to progress in MU work as well as start shaping how the MU information could be described in 38.903 and 38.521-2.

The following observations and proposals are made:

Observation 1: From this equivalence criteria, it can be concluded that:

· Multiple test methods can exist:

· Direct Far Field (DFF).

· Direct Far Field (DFF) setup simplification for centre of beam measurement

· Indirect Far Field (IFF).

· Near Field To Far Field Transform (NFTF) (endorsed in [3] although not included in [2]).

· Each method could have their own testing procedures, which should be described (although there can be commonalities between different test methods)

· All test methods share:

· same metric

· minimum conformance requirement

· MU limit

· TT

· Methodology to determine MU estimations

· Information to be provided to start RAN4 discussion on whether a new test methodology is permitted consists of:

· technical documentation showing why the testing methodology is valid

· applicability of the testing methodology

· justification on applicability statement

· Initial MU estimation for TRP/EIRP-MOP, EIS-REFSENS

· Testing aspects for the metrics described below once they are defined (it includes calibration aspects and high level testing procedures)

· EIRP and TRP based metric

· EIS based metric

· Transmit signal quality

· Radiated Spurious Emissions

· Blocking (currently only IBB defined)
Observation 2: It is left to RAN5 the following tasks:

· Potential dynamic range limitations 

· Detailed testing procedures:

· Based on high level test procedures defined by RAN4 when available

· From scratch (when no input is received from RAN4)

· Final MU calculation and limit per requirement:

· Based on initial MU estimation provided by RAN4 when available

· From scratch (when no input is received from RAN4)

Observation 3: Permitted testing methodologies applicability has dependencies with MU estimation per requirement and per testing methodology as well as on MU threshold.

Observation 4: MU factors have not been identified for all needed metric (examples of missing metrics: EVM, frequency error, etc.)

Observation 5: Identification of MU factors for missing metrics assumed to be part of RAN4 responsibilities as defined in [1] under bullet point “MU characterization procedure for OTA test methodology: MU factors definition and procedures required to minimize OTA MUs”

Observation 6: Information about MU factors definition, list of MU factors affecting a given metric and final MU estimation per test requirement and test methodology is crucial to document final uncertainty calculation at RAN5 level.

Observation 7: Some MU factor values could have dependencies with DUT manufacturer declared information.

Observation 8: RAN5 workload on MU estimations will increase if frequency range is split to optimize MUs for a given frequency band.
Observation 9: RAN5 could progress on MU for some additional requirements based on the information already provided by RAN4 while RAN4 progresses in more complex metrics.

Observation 10: RAN5 could analyze which are the MU factors that could vary with either the radiating aperture or DUT size in order to determine the MU estimation for at least one permitted testing methodology to measure devices up to 30 cm.
Observation 11: RAN5 could work on extending the measurement uncertainty assessment calculation for different power levels, for different frequency ranges (out-of-band) and on how uncertainty calculations should be modified for CA cases.
Observation 12: RAN5 could discuss the complexity of the test system to be considered on MU calculations and modify uncertainties estimations provided by RAN4 accordingly if needed. This task is related to the connection diagrams discussion.

Observation 13: MU initial estimations provided by RAN4 (and to be used as baseline) could vary depending on the outcome of measurement grids discussions once held.
Observation 14: RAN5 can discuss which principle must be followed for TT definition while progressing on MU estimations.
Observation 15: This is a considerable amount of work that needs to be done by RAN5 to complete RAN5 5G NR work plan.
Proposal 1: Regarding observation 2, RAN5 could work on identification of testing feasibility issues per testing methodology (i.e. which test requirements can’t be tested with a permitted testing methodology) due to potential dynamic ranges limitations. There will be no need to perform MU estimation for these requirements in affected permitted testing methodology (neither test procedures). 

Proposal 2: Taking into account observation 3, RAN5 should clarify permitted testing methodology per test requirement (specific proposal provided in a companion paper [4]), based on permitted testing methodology applicability (including DUT manufacturer declarations or device size dependencies), MU estimation comparison to MU threshold as well as testability issues as outcome of proposal 1. Details of these analysis should be documented in 38.903 while final summary table should be included in an annex in 38.521-2 (as proposed in sections 5 and 6).

Proposal 3: Based on observation 3 too, RAN5 should progress on the definition of the MU threshold/limits per test requirement with high priority as it triggers the final evaluation of whether a permitted testing methodology is applicable to a test requirement. 
Proposal 4: As described in observation 9, RAN5 could start progressing the MU estimation for some test requirements with the information already provided by RAN4. It could be discussed whether it make sense to group MU estimation per test requirement set depending on technical commonalities.

Proposal 5: With lower priority, RAN5 could work on identifying the MU factors for totally new metrics and send the outcome to RAN4 as information (considering observations 4 and 5).

Proposal 6: Taking into account Observation 6 and section 6 in this document, Information about MU factors definition, list of MU factors affecting a given metric and final MU estimation per test requirement from [2] could be copied into 38.903 so it can be evolved for other related metrics as well as new metrics. Similar information should be documented for any MU estimation that RAN5 works on.
Proposal 7: It is proposed to defer the optimization of MUs splitting frequency ranges to a later stage to keep the workload under control, taking into account 5G NR conformance testing WI timing (taking into account observation 8).

Proposal 8: RAN5 should start analyzing which are the MU factors that could vary with either the radiating aperture or DUT size in order to determine the MU estimation for at least one permitted testing methodology to measure devices up to 30 cm. Assumtions on radianting aperture size will be required for this type of devices for some permitted testing methodologies (as per observation 10).
Proposal 9: RAN5 should start discussions on the complexity of the test system to be considered on MU calculations and modify uncertainties estimations provided by RAN4 accordingly if needed. This task is related to the connection diagrams discussion (as already suggested in observation 12). 

Proposal 10: RAN5 should track measurement grid discussions at RAN4 level and update changes on MU estimations if needed.

Proposal 11: According to section 4, Split MU definition work into the following areas:

· Each company with a test case assigned in WP TS 38.521-2 will be responsible to define at least one MU threshold for each test case assigned in the wok plan.

· Interesting companies should define MU calculation per test requirement for other permitted testing methodologies.

Proposal 12: According to section 4, MU calculation for a test case is completed once the MU is estimated for at least one MU threshold. 
Proposal 13: According to section 5,

· Define an Annex to specify MU limits (MU threshold) per test case. This MU limits are common for all testing methodologies. This annex can be similar as Annex F of TS 36.521-1.

· Define an Annex to specify applicability of permitted testing methodology per test requirement. This annex will contain a table describing per test requirement, permitted test methodologies as a function of DUT antenna implementation details available. The format of this table is proposed in [4].

· Include references to TR 38.903 for details on MU limit calculation in above annexes.
Proposal 14: Define the following sections and sub-sections to capture all required information for the MU definition into TR 38.903:

· Sections per testing methodology

· Sub-section for MU factor definition describing possible values of such parameter to be used in final MU calculation. Similar to Annex B.1.X.4 in TR 38.810 [2]. 

· Sub-section for MU factors affecting a given metric (for example EIRP) including a table listing MU factors with references to MU factors definition sub-section. As Annex B.1.X.2 in TR 38.810 [2]
· Sub-section for MU calculation/assessment per test requirement:

· Final section of MU threshold determination, indicating definition of MU threshold and references to the sections where its calculation can be found.
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		Block Diagram

		Frequency 		43.5		GHz		Wavelength		6.89		mm

		Range Length		1		m

		TOTAL Conducted Calibration Insertion Loss						19.2

		TOTAL Radiated Calibration Insertion Loss						30.5

		TOTAL Loss (EIRP w/ SA)						42.6

		TOTAL Loss (EIS)						47.1





Conducted

		Insertion Loss of Calibration: TE to Chamber

		Cable Losses

		Type		Number		Length [m]		Cable Loss [dB/m]		Total Insertion Loss [dB]

		TE to Switchbox (C1)		1		1		3.59		3.6

		Internal Switchbox Cables		6		0.1		3.59		2.2

		Switchbox to VNA (C2)		1		1		3.59		3.6

		TOTAL								9.3

		Feedthroughs

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Feedthrough		2		0.66		1.3

		TOTAL						1.3

		Switches

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		SPDT		2		1.1		2.2

		SP6T (K9)		1		1.2		1.2

		Transfer (K10)		1		1.1		1.1

		TOTAL						4.5

		Splitter (to allow SA or PM for EIRP)

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Splitter (S1)		1		4		4.0

		TOTAL Conducted Calibration Insertion Loss						19.2





Radiated

		Insertion Loss of Calibration: Chamber to Centre of QZ

		Cable Losses (conical cut system)

		Type		Number		Length [m]		Cable Loss [dB/m]		Total Insertion Loss [dB]

		VNA to Amplification Unit (C1)		1		0.5		3.59		1.8

		Amplification Unit to Chamber (C4)		1		1.5		3.59		5.4

		Chamber to Measurement Antenna (C6)		1		2		3.59		7.2

		Chamber to Reference AUT  (C8)		1		2.5		3.59		9.0

		VNA to Chamber (C3, C5)		2		1		3.59		7.2

		TOTAL								23.3

		Feedthroughs

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Feedthrough		3		0.66		2.0

		TOTAL						2.0



		Antennas

		Type		Number		Antenna Gain [dB]

		Measurement Antenna		1		15.0

		Reference AUT		1		10.0

		Antenna Gains [dB]				25.0

		Power Amplifier

		Type		Number		Antenna Gain [dB]

		Amplifier in amplification unit		1		35.0

		Amplifier Gain [dB]				35.0

		Free-Space Path Loss [dB]				65.22

		TOTAL Radiated Calibration Insertion Loss				30.5









EIRP with SA

		Insertion Loss of Calibration: TE to Centre of QZ

		Cable Losses (conical cut system)

		Type		Number		Length [m]		Cable Loss [dB/m]		Total Insertion Loss [dB]

		SA to Switchbox (C1)		1		1		3.59		3.6

		Internal Switchbox Cables		3		0.1		3.59		1.1

		Switchbox to Amplification Unit (C2)		1		1		3.59		3.6

		Amplification Unit to Chamber (C4)		1		1		3.59		3.6

		Chamber to Measurement Antenna (C6)		1		2		3.59		7.2

		TOTAL								19.0

		Feedthroughs

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Feedthrough		5		0.66		3.3

		TOTAL						3.3

		Switches

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		SPDT		0		1.1		0.0

		SP6T (K9)		0		1.2		0.0

		Transfer (K10)		1		1.1		1.1

		TOTAL						1.1

		Splitter (to allow SA or PM for EIRP)

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Splitter (S1)		1		4		4.0

		Power Amplifier

		Type		Number		Antenna Gain [dB]

		Amplifier in amplification unit		1		35.0

		Amplifier Gain [dB]				35.0

		Antennas

		Type		Number		Antenna Gain [dB]

		Measurement Antenna		1		15.0

		Antenna Gain [dB]				15.0



		Free-Space Path Loss [dB]				65.22



		TOTAL Loss						42.6

		UE Output Power				23		dBm

		Received Power @ SA				-19.6		dBm





EIS

		Insertion Loss of Calibration: TE to Centre of QZ

		Cable Losses (conical cut system)

		Type		Number		Length [m]		Cable Loss [dB/m]		Total Insertion Loss [dB]

		gNB to Switchbox (C1)		1		1		3.59		3.6

		Internal Switchbox Cables		6		0.1		3.59		2.2

		Switchbox to Amplification Unit (C2)		1		1		3.59		3.6

		Amplification Unit to Chamber (C4)		1		1		3.59		3.6

		Chamber to Measurement Antenna (C6)		1		2		3.59		7.2

		TOTAL								20.1

		Feedthroughs

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Feedthrough		5		0.66		3.3

		TOTAL						3.3

		Switches

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		SPDT		2		1.1		2.2

		SP6T (K9)		1		1.2		1.2

		Transfer (K10)		1		1.1		1.1

		TOTAL						4.5

		Splitter (to allow SA or PM for EIRP)

		Type		Number		Insertion Loss		Total Insertion Loss [dB]

		Splitter (S1)		1		4		4.0

		Power Amplifier

		Type		Number		Antenna Gain [dB]

		Amplifier in amplification unit		1		35.0

		Amplifier Gain [dB]				35.0

		Antennas

		Type		Number		Antenna Gain [dB]

		Measurement Antenna		1		15.0

		Antenna Gain [dB]				15.0



		Free-Space Path Loss [dB]				65.22



		TOTAL Loss						47.1

		gNB Output Power				30		dBm

		Power at Centre of QZ				-17.1		dBm
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		Type		Reference

		SPDT		Radiall, SPDT Ramses 2.4mm 50GHz R570J12000, https://radiall-files.s3.amazonaws.com/tds/ramses/R570J12000.pdf

		SP6T		Radiall, SP6T Ramses 2.4mm 50GHz R573J03600, https://radiall-files.s3.amazonaws.com/tds/ramses/R573J03600.pdf

		SPDT		Radiall, DPDT Ramses 2.4 mm 50 GHz R577J63000, 
https://radiall-files.s3.amazonaws.com/tds/ramses/R577J63000.pdf


		Feedthrough		FairviewMicrowave, SM3015, https://www.fairviewmicrowave.com/images/productPDF/SM3015.pdf

		Power Divider		https://www.fairviewmicrowave.com/images/productPDF/MP0860-2.pdf

		Cable		https://www.carlisleit.com/products/cable-assemblies-and-harnesses/UTiFLEX®-Cable-Assemblies
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