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1. Introduction
In 38.810 [1], different DUT categories for FR2 have been defined based on its antenna implementation details (number of antenna panels, radiating aperture, DUT size).

Additionally, different permitted testing methodologies have been defined for OTA RF parametrics requirements. The applicability of each testing methodology has been defined per requirement and per information available on DUT antenna implementation.

The purpose of this contribution is to discuss how to clarify in RAN5 5G NR specifications the applicability of the permitted testing methodologies per test requirement and DUT category based on antenna implementation details. 

2. Background information
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 parametrics:

· 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 [6] although in latest version of [1]).

However, not all permitted testing methodologies can be used for all metrics. Testing methodology applicability is defined per metric. Table 1-1 summarizes the metric that can be measured using each testing methodology, as stated in [1].

Table 1-1: Applicable RF metrics per testing methodology
	Testing methodology
	Applicable RF metrics

	Direct Far Field
	EIRP, TRP, EIS, EVM, spurious emissions, blocking

	Direct Far Field simplification
	EIRP, TRP, EIS, EVM, spurious emissions, blocking

	Indirect Far Field
	EIRP, TRP, EIS, EVM, spurious emissions, blocking

	Near Field to Far Field Transform
	EIRP, TRP, spurious emissions


Currently, [1] defines test procedures for EIRP, TRP and EIS measurements for DFF, DFF simplification and IFF while [6] defines test procedures for EIRP and TRP for NFTF.

Different testing methodologies can share same test procedure for the same metric. For example:

· DFF, DFF simplification and IFF define same test procedure for EIRP, TRP and IFF measurement.

· NFTF defines different test procedures for EIRP and TRP measurement from the ones defined for DFF, DFF simplification and IFF.

Additionally, 3 different DUT categories have been defined in [1] Table 5.3-1 based on DUT antenna implementation (number of antenna panels, radiating aperture, DUT size) as:
Table 5.3-1: DUT Categories

	DUT category
	Description

	Category 1
	Maximum one antenna panel with D ≤ 5 cm illuminated by test signal at any one time

	Category 2
	More than one antenna panel D ≤ 5 cm without phase coherency between panels illuminated at any one time

	Category 3
	Any phase coherent antenna panel of any size (e.g. sparse array)


The applicability of each permitted testing methodology based on DUT antenna implementation details above are included in [1] 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 [5]):

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.
3. Discussion

In LTE, test cases applicability indicates under which conditions the test case must be executed. Typically, conditions consider DUT capabilities/features. 

Regarding the discussion considered in this paper, test cases are mandatory for all DUTs but which testing methodology can be used for a given test case depends on manufacturer declarations available on DUT antenna implementation and the test requirement itself. 

Hence, it is preferred to avoid test case applicability to include any clarification on permitted testing methodology per requirement or which testing methodology can be used depending on manufacturer declarations available on DUT antenna implementation.

As this information is important to test conformance requirements appropriately, the following proposals are made:
Proposal 1: Introduce in [4] an optional manufacturer declaration on UE antenna implementation details: number of antenna panels and radiating aperture, where the multiple antenna panels that are phase coherent are defined as a single array.
Proposal 2: Add an annex to 38.521-2 to include a table describing, per test requirement, permitted test methodologies as a function of DUT antenna implementation details available.

The format of following table could be used as a template to define the columns:
	
	No UE antenna information available


	Radiating aperture information available

	
	(DUT size < Quiet zone size)
	Radiating aperture ≤ 5 cm
	Radiating aperture > 5 cm

	Test requirement 1
	IFF

(Provided as example)
	DFF

DFF simplification 
IFF

NFTF

(Provided as example)
	IFF

(Provided as example)

	Test requirement 2
	
	
	

	…
	
	
	

	Test requirement n
	
	
	


Proposal 3: In 38.521-2 add appropriate references to affected test requirements test procedures to the annex described in Proposal 2

4. Conclusion
It has been analysed the applicability of different OTA permitted test methodologies per test requirement and DUT antenna implementation information available.

The following proposals are made:

Proposal 1: Introduce in [4] an optional manufacturer declaration on UE antenna implementation details: number of antenna panels and radiating aperture, where the multiple antenna panels that are phase coherent are defined as a single array.
Proposal 2: Add an annex to 38.521-2 to include a table describing, per test requirement, permitted test methodologies as a function of DUT antenna implementation details available.

The format of this table could be:

	
	No UE antenna information available


	Number of antenna panels and radiating aperture information available

	
	(DUT size < Quiet zone size)
	Radiating aperture ≤ 5 cm
	Radiating aperture > 5 cm

	Test requirement 1
	IFF

(Provided as example)
	DFF

DFF simplification (if directional requirement)
IFF

NFTF

(Provided as example)
	IFF

(Provided as example)

	Test requirement 2
	
	
	

	…
	
	
	

	Test requirement n
	
	
	


Proposal 3: In 38.521-2 add appropriate references to affected test requirements test procedures to the annex described in Proposal 2
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