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[bookmark: foreword][bookmark: _Toc120868662]Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc120868663]
1	Scope
The present document is a technical report for enhanced Over-the-Air (OTA) test methods for NR FR1 Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS), for NR standalone (SA) and NR non-standalone (NSA) operation mode.
In Rel-17, the TRP TRS OTA test method was just developed for a limited scope. This TR targets to define a full set of OTA test methods to cover different UE features for TRP and TRS measurement.
[bookmark: references][bookmark: _Toc120868664]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
<Editor’s note: reference to be added >

[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc120868665]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc120868666]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc120868667]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc120868668]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc120868669]4	General
[bookmark: _Toc120868670]4.1	Device types
<Editor’s note: Detailed structure of the subclause is TBD. >
[bookmark: _Toc120868671]4.2	Testing configuration
<Editor’s note: Detailed structure of the subclause is TBD. >
[bookmark: _Toc120868672]4.3	Testing bands 
<Editor’s note: Detailed structure of the subclause is TBD. >

[bookmark: tsgNames][bookmark: startOfAnnexes][bookmark: _Toc120868673]5	Performance metrics 
[bookmark: _Toc120868674]5.1	Definition of the Total Radiated Power (TRP)

[bookmark: _Toc120868675]5.1.1	Definition of the Total Radiated Power (TRP) for AC  
Transmitter power measurements shall be performed using the Total Radiated Power (TRP) as the measurement metric. This clause defines the definition of TRP value of NR FR1 DUT for Anechoic Chamber (AC) method. 
The TRP with Anechoic Chamber method is defined as:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]			(5.1)
Where the effective isotropic radiated power (EIRP) is defined as
	              	  (5.2)
Where  is the product of the power delivered to the antenna and the antenna’s power gain.
Where EIRPθ and EIRPϕ are the EIRP in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRP with Anechoic Chamber method is defined as:
	      	      (5.3)
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRP with Anechoic Chamber method is defined as:
	            	(5.4)
Where the value of W(θn) follows Table 5.1.1-1.
Table 5.1.1-1 Weights for Clenshaw-Curtis Quadrature with 15o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	15
	0.0661

	30
	0.1315

	45
	0.1848

	60
	0.227

	75
	0.2527

	90
	0.262

	105
	0.2527

	120
	0.227

	135
	0.1848

	150
	0.1315

	165
	0.0661

	180
	0.007


 
[bookmark: _Toc120868676]5.1.2	Definition of the Total Radiated Power (TRP) for alternative method  
<Editor’s note: Detailed structure of this subclause is TBD. >

[bookmark: _Toc120868677]5.2	Definition of Total Radiated Sensitivity (TRS)

[bookmark: _Toc120868678]5.2.1	Definition of the Total Radiated Sensitivity (TRS) for AC  
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The DUT’s receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC).
This definition will be used to calculate the Total Radiated Sensitivity (TRS) value of NR FR1 DUT. 
The TRS with Anechoic Chamber method is defined as:
	     	   (5.5)
Where the effective isotropic sensitivity (EIS) is defined as the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point.
Where EISθ and EISϕ are the EIS in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRS with Anechoic Chamber method defined as: 
	                 	 (5.6)
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRS with Anechoic Chamber method is defined as:
	                  	(5.7)
Where the value of W(θn) follows Table 5.2.1-1.
Table 5.2.1-1 Weights for Clenshaw-Curtis Quadrature with 30o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	30
	0.1315

	60
	0.227

	90
	0.262

	120
	0.227

	150
	0.1315

	180
	0.007


 
[bookmark: _Toc120868679]5.2.2	Definition of the Total Radiated Sensitivity (TRS) for alternative method  
<Editor’s note: Detailed structure of this subclause is TBD. >
[bookmark: _Toc120868680]6	UE positioning guidelines
<Editor’s note: Detailed structure of the subclause is TBD. Could be different for AC and alternative >
[bookmark: _Toc120868681]6.1	Free space
For Free space configuration, the centre of the reference coordinate system shall be aligned with the geometric centre of the DUT in order to minimize the offset between antenna arrays integrated at any position of the UE and the centre of the quiet zone.
Table 6.1-1: UE positioning for Free space
	Test condition
	DUT
orientation
	Diagram

	Free space
DUT 
	α = 0º;
β = 0º;
γ = 0º


	[image: DUTalignment01_trimetric_Matricesv1]




[bookmark: _Toc120868682]6.2	Hand phantom only (Browsing mode)
The positioning specified in this clause is used for the test cases for Browsing Mode with Hand Phantom. The characteristics of the Hand Phantom are specified in Annex D. Browsing mode is used to simulate user cases were the DUT is held in hand, but not pressed against ear e.g. web browsing and navigation. The DUT shall be mounted in a suitable hand phantom and oriented such that the DUT’s main display is tilted 45 degrees from vertical:
-	Wide Grip Hand for UE with Width >72mm and ≤92mm 
-	PDA Grip Hand for UE with Width ≥56mm and ≤72mm
[bookmark: _Toc120868683]6.2.1	Wide Grip Hand  
This positioning guideline is suitable for DUTs with width >72mm and ≤92mm. 
The positioning guideline defined in CTIA Certification OTA Test Plan section A.1.4.4 [14], is used for FR1 TRP TRS testing for UE with Width >72mm and ≤92mm in this technical report.
[image: ]
Figure 6.2.1-1: Positioning guidance for Wide Grip Hand (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan

[bookmark: _Toc120868684]6.2.2	PDA Grip Hand 
This positioning guideline is suitable for DUTs with width ≥56mm and ≤72mm.
To help achieve a consistent positioning, the DUT is aligned to a PDA palm spacer. No alignment tool is required. The PDA spacer features side and bottom walls to ensure consistent alignment of DUTs of various sizes.

1. Place the DUT on the PDA spacer between the fingers and align the DUT to the side wall of the PDA.
2. If the DUT is shorter than 135 mm, then align the top of the DUT with the top of the PDA spacer. Otherwise, align the bottom of the DUT with the bottom wall of the PDA spacer.
3. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6°tilt angle as described in Subclause 4.3.3. 
[image: pdaspacer3]
Figure 6.2.2-1: Right-handed PDA Grip hand phantom with a spacer
NOTE: Use left-handed (mirror-imaged) spacers with left-handed phantoms.

[bookmark: _Toc120868685]6.3	Head and Hand phantom (Talk Mode)
[bookmark: _Toc120868686]6.3.1	General 
The positioning specified in this clause is used for the test cases for Talk Mode using Head & Hand Phantom. The characteristics of the Hand Phantom and Head Phantom are specified in Annex D. 
Talk mode is used to simulate user cases where the DUT is placed into a hand phantom, which is holding the DUT against the SAM head phantom, presenting a realistic voice call operation of the DUT. Same as Browsing mode, the DUT for talk mode shall also be mounted in a suitable hand phantom:
-	Wide Grip Hand for UE with Width >72mm and ≤92mm
-	PDA Grip Hand for UE with Width ≥56mm and ≤72mm
In this section, the procedure provides the guideline on how to place the DUT+hand against the head phantom. The detailed DUT positioning into hand phantom for talk mode is defined in section 6.3.2 and 6.3.3. 
For talk mode, the DUT is attached to the head phantom in “cheek” position. The DUT performance is measured on both left and right side of the head. Three points as shown in Figure 6.3.1-1 define the reference plane: centre of the right ear piece (RE), centre of the left ear piece (LE) and centre of mouth (M).
Definition of the ‘Cheek’ position:
1. Align the ear piece of the phone (see Figure 6.3.1-1) at the line RE-LE. Then, position the DUT beside the phantom so that the vertical line (see Figure 6.3.1-3) is parallel to the reference plane in Figure 6.3.1-2 and is aligned with the line M-RE on the reference plane (see Figure 6.3.1-3).
2. Position the DUT so that the ear piece of the DUT touches the ear piece of the phantom head on the line RE-LE. Tilt the DUT chassis towards the cheek of the phantom having the vertical line aligned with the reference plane until any point on the front side of the DUT is in contact with the cheek or until the contact with the ear is lost.
NOTE:	A holder fixture made of e.g. plastic may be used to position the handset against the phantom. 
[image: ]
Figure 6.3.1-1: Reference plane on head phantom, front view

[image: ]
Figure 6.3.1-2: Reference plane on head phantom, side view


Figure 6.3.1-2: Reference lines at a mobile handset. 
In addition, 6°tilt angle from the cheek is being used instead of having direct contact between the cheek and DUT. A mask may be used to help configuration of cheek + 6° tilt angle. The mask is a 32 mm wide conformal strip, created by sweeping the surface of the head phantom through a 6º rotation about the ear. Direct DUT contact against the mask thus establishes the required 6º spacing away from the cheek, regardless of DUT form factor. The material for the head phantom mask spacer shall have dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Material additions can be used to help fixing of the mask spacer onto the head phantom.
[bookmark: _Toc120868687]6.3.2	Wide Grip Hand and Head 
This procedure is suitable for talk mode use with DUTs of width >72mm and ≤92mm. The positioning of the DUT in the Wide Grip hand for talk mode is identical to that for browsing mode described in section 6.2.1.
[bookmark: _Toc120868688][bookmark: _Hlk93579212]6.3.3	PDA Grip Hand and Head
This procedure is suitable for talk mode use with DUTs of width ≥56mm and ≤72mm. The positioning of the DUT in the PDA Grip hand for talk mode is identical to that for browsing mode described in section 6.2.2.
[bookmark: _Toc120868689]6.4	Head phantom only 
<Editor’s note: to be added for providing guidance. >

[bookmark: _Toc120868690]6.5	Forearm phantom
<Editor’s note: to be added>

[bookmark: _Toc120868691]7	Anechoic Chamber method (Reference method)
[bookmark: _Toc120868692]7.1	General
This Clause define the test method with Anechoic Chamber system, which is agreed as a reference method for FR1 TRP and TRS testing. 

[bookmark: _Toc120868693]7.2	Test setup 
<Editor’s note: includes test setup description for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
For FR1 TRP TRS testing, both Single-antenna and multiple-antennas anechoic chambers can be applied. In Figure 7.2-1, an example TRP TRS test system with combined axes system is presented. 
[image: ]
Figure 7.2-1: Example of a FR1 TRP TRS OTA test system with combined axis
In Figure 7.2-2, an example TRP TRS test system with distributed axes system is presented. 
[image: ]
Figure 7.2-2: Example of a FR1 TRP TRS OTA test system with distributed axis

[bookmark: _Toc120868694]7.3	Calibration procedure 
 <Editor’s note: includes calibration for the chamber >
The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a range path loss calibration measurement. The system needs to be calibrated by using a reference calibration antenna with known gain values. In the range path loss calibration measurement, the reference antenna is measured in the same place as the DUT, i.e. the center of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
[image: ]
Figure 7.3-1: Example FR1 TRP TRS calibration setup
The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). The range path loss calibration measurement is performed in a two-step process including total path loss measurement and cable calibration.
Step 1: Cable calibration: the measurement of path loss LDE , by connecting the cable from D to E to the two ports of VNA, and measure the cable path loss.
Step 2: Total path loss measurement: the measurement of total path loss LBC;
1. Place the reference calibration antenna (e.g. reference dipole) in the center of the test zone aligned with θ polarization of the measurement antenna, connected to a VNA port E, with the other VNA port C connected to the input of the Switch box – in Figure 7.3-1.
2. Configure the proper output power of VNA.
3. Measure the response LCE of each path from each θ polarization of the measurement antenna to the reference antenna in the center of QZ.
4. Repeat the steps 1 to 3 with the reference antenna aligned with the ϕ polarization of the measurement antenna.
Then, the  , Where LDE  is cable loss from D to E.  is the gain or efficiency of the calibration antenna at the frequency of interest. In TRP and TRS measurements point C is connected to the calibrated input/output port of measurement receiver.
This range path loss calibration procedure is common to both SA and EN-DC measurements.

[bookmark: _Toc120868695]7.4	TRP Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc120868696]7.4.1	General
For TRP and TRS testing in SA or EN-DC mode, measurements should be only performed at NR carrier. The LTE link antenna in EN-DC mode is used to provide a stable LTE link to the DUT without precise path loss or polarization control.
The TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes for TRP measurement. This accounts for a total of 266 measurements for each of two orthogonal polarizations since measurements at theta = 0 and 180 degrees only require one measurement each. For some test system can not measure 180º EIRP, then the extrapolation approach can be adopted when generating the 3D antenna pattern. All of the measured power values will be integrated to TRP, as defined in Clause 5.1.1.
For TRP measurement, the evaluations shall be performed at maximum transmit power.
[bookmark: _Toc120868697]7.4.2	TRP test procedure for NR 1Tx configuration
[bookmark: _Toc21020167][bookmark: _Toc29812999][bookmark: _Toc29813265][bookmark: _Toc52565483][bookmark: _Toc120868698]7.4.2.1	UE configuration
<Editor’s note: RedCap configuration can be further added, mainly the band parameters>
[bookmark: _Hlk103727141]For devices containing multiple Tx antennas, the Tx Antenna Switching (TAS) function should be OFF, and the TRP should be measured for each Tx antenna individually. The antenna with better TRP is identified as the primary antenna, and the corresponding TRP result will be used to determine the pass/fail compliance. Otherwise, the primary antenna should be selected based on manufacturer declaration. To ensure the TAS OFF testing, the manufacture should provide either software/guidance to lab to control which Tx antenna is used, or the pre-configured DUT locked at primary antenna.  
For Standalone, the NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2.1 (UE maximum output power) using the default settings specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.3.
For EN-DC, the SS and DUT shall be configured per TS 38.521-3 [6], Section 6.2B.1 (UE Maximum Output Power for EN-DC) using the default settings specified in TS 38.521-3 [6] and TS 38.508 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.3. The UL output power of LTE carrier should be set as a constant power of 10dBm, while measuring NR at maximum output power, i.e., with fixed p-MaxEUTRA-r15=10 dBm, and p-NR-FR1 not configured.
[bookmark: _Toc120868699]7.4.2.2	Test procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, the measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the link antenna following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
3) Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1.1.
[bookmark: _Toc120868700]7.4.3	TRP test procedure for NR 2Tx configuration
<Editor’s note: this clause defines test procedure for single-layer UL MIMO, TxD >
[bookmark: _Toc120868701]7.4.3.1	UE configuration
TBD
[bookmark: _Toc120868702]7.4.3.2	Test procedure
TBD

[bookmark: _Toc120868703]7.4.4	TRP test procedure for NR CA configuration
<Editor’s note: this clause defines test procedure for CA>
[bookmark: _Toc120868704]7.4.4.1	UE configuration
TBD
[bookmark: _Toc120868705]7.4.4.2	Test procedure
TBD

[bookmark: _Toc120868706]7.5	TRS Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc120868707]7.5.1	General
For SA and EN-DC, the TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes for TRS measurement. 
EIS, or receiver sensitivity measurements, is defined as the minimum downlink signal power received at the UE antenna input required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC) (the maximum throughput is per Appendix A of TS 38.521-1 [5]).
For TRS measurement, the evaluations shall be performed at maximum transmit power.
For TRS measurement, no specific setting is needed for Rx antennas. By default, the maximum number of Rx antennas supported at each band should be enabled during the TRS test. 
[bookmark: _Toc120868708]7.5.2	TRS test procedure for NR 1Tx configuration
[bookmark: _Toc120868709]7.5.2.1	UE configuration
<Editor’s note: RedCap configuration can be further added, mainly the band parameters and number of antennas>
For Standalone, the NR System Simulator (SS) and DUT shall be configured per section 7.3.2 (Reference sensitivity power level) of TS 38.521-1 [5] using the defaults specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.
For EN-DC, the EN-DC SS and DUT shall be configured per section 7.3B.2 (Reference Sensitivity for EN-DC) of TS 38.521-3 [6], using the defaults specified in TS 38.521-3 [6] and TS 38.508 [7], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4. The UL power configuration for LTE and NR is 50%-50% power splitting, i.e.,
- For PC3, p-MaxEUTRA-r15=20 dBm, and p-NR-FR1= 20dBm;
- For PC2, p-MaxEUTRA-r15=23 dBm, and p-NR-FR1= 23dBm.
[bookmark: _Toc120868710]7.5.2.1	Test Procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, the measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the measurement antenna.
3) Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [5], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equation outlined in Clause 5.2.2.
[bookmark: _Toc120868711]7.5.3	TRS test procedure for NR 2Tx configuration
<Editor’s note: FFS whether the TRS test procedure. >
[bookmark: _Toc120868712]7.5.3.1	UE configuration
TBD
[bookmark: _Toc120868713]7.5.3.2	Test procedure
TBD
[bookmark: _Toc120868714]7.4.4	TRS test procedure for NR CA configuration
<Editor’s note: FFS the test procedure>
[bookmark: _Toc120868715]7.4.4.1	UE configuration
TBD
[bookmark: _Toc120868716]7.4.4.2	Test procedure
TBD

[bookmark: _Toc120868717]7.6	Ripple Test for Quiet Zone 

[bookmark: _Toc97741371][bookmark: _Toc47717856][bookmark: _Toc106114451][bookmark: _Toc114134411][bookmark: _Toc120868718]7.6.1	General
The ripple test procedure is defined in this clause. Frequencies to be used for ripple test:
[bookmark: _Hlk96081654]Table 7.6.1-1: Frequencies for FR1 ripple test
	NR FR1 Bands
	Range
	Test frequency (MHz)

	n71
	Low
	617MHz 

	n12, n17, n29, n14, n28
	
	722MHz

	n5, n8, n18, n20
	
	836.5MHz

	n50, n51, n74
	Mid
	1575.42MHz

	n3, n2, n25, n39
	
	1880MHz

	n1, n34, n65
	
	2132.5MHz

	n7, n30, n41, n40, n38, n90
	
	2450MHz

	n77, n78
	High
	3600MHz

	n79
	
	[4700MHz] 


[bookmark: _Toc97741372][bookmark: _Toc106114452][bookmark: _Toc114134412][bookmark: _Toc120868719]7.6.2	Ripple test procedure
Unwanted reflections and support structure blockage cause a volumetric ripple to the field magnitude measured by or created by the measurement antenna as shown in Figure 7.6.2-1, affecting every possible test point within a desired test volume. By rotating an omnidirectional antenna through the test volume as illustrated by the red line, this volumetric ripple may be probed to obtain an estimate of the measurement uncertainty due to this volumetric error. Note, however, that the volumetric ripple caused by multipath reflections is related to the wavelength and the relative path lengths of the direct and reflected paths to the measurement antenna, and is not inherently a function of the test volume. As illustrated in Figure 7.6.2-1(left), when the wavelength is relatively large compared to the test volume, it may not be possible to probe the entire range of errors that may actually exist within the test volume. Doing so would require probing an area larger than the test volume in order to accurately estimate the error within the test volume. Even when the test volume is several wavelengths in size, a given evaluation of the ripple may not completely caliper the worst-case error conditions within the test volume (Figure 7.6.2-1 (right)).
[image: ]
Figure 7.6.2-1: Volumetric ripple and 20cm Phi axis cut
Conversely, field non-uniformities in the test volume caused by amplitude taper of the measurement antenna and shadowing of portions of the test volume by support structure are geometric in nature and relate directly to the size of the test volume and the related factors of the measurement antenna and support structure. This test procedure attempts to capture the impact of these effects to within the practical limits of the available test volume and test equipment expected in the lab.
The quiet zone ripple test covers two cylindrical test volumes, one for handsets and smaller devices, with or without head and/or hand phantoms, and a larger volume for testing up to notebook PC sized devices.  The smaller cylinder is 30 cm in diameter, concentric to the phi axis, and 30 cm tall along the phi axis, centered on the intersection of the theta and phi axes.  The larger cylinder is 50 cm in diameter, concentric to the phi axis, with the base of the cylinder coincident with that of the smaller cylinder and a height of 36 cm along the phi axis.  The test consists of a set of individual ripple tests about the phi- and theta-axes utilizing both electric dipoles and magnetic loop dipoles to generate uniform omnidirectional dipole-like patterns about the axis of rotation. Data is measured on the co-polarized measurement antenna element for each corresponding test. 
For the phi-axis ripple test, each reference antenna is oriented with its axis parallel to the phi axis at a total of three positions, offset 15 cm perpendicular to the phi axis with 0 cm and ±15 cm offsets parallel to the phi axis. At each position, the phi axis is rotated 360° to record the ripple. Each position is labeled by its radial and axial offset from the center position, (R, Z). See Figure 7.6.2-2 for additional information.

[image: ]
Figure 7.6.2-2: Phi-axis test geometry
For the notebook sized test volume, three additional test positions are added to the phi-axis test in order to cover the larger test cylinder.  These positions are offset 25 cm perpendicular to the phi axis with -15, 0, and +21 cm offsets parallel to the phi axis, as shown in Figure 7.6.2-3.
[image: ]
Figure 7.6.2-3: Phi-axis test geometry for the notebook sized test volume
For the theta-axis ripple test, each reference antenna is oriented with its axis parallel to the theta axis at a total of eight positions on the surface of the cylinder defined above. Defining Cartesian coordinates (X, Y, Z) with the Z-axis along the phi-axis, the Y-axis along the theta-axis, and the measurement antenna moving in the XZ plane relative to the reference antenna used for the ripple test, the test positions are given as (±15 cm, 0, ±15 cm) and (0, ±15 cm, ±15 cm), relative to the center of the test volume as shown in Figure 7.6.2-4.  At each position, the theta axis is rotated over as much of 360° as supported by the system to record the ripple (e.g. ±165°).  For systems that can only move theta in the range of 0-180° or less, the phi axis may be rotated 180° and a second cut measured to meet or exceed the ±165° range.  Each position is labeled by its (X, Y, Z) offset from the center position.

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

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

[bookmark: _Toc120868720]7.7	Minimum Range Length 
 <Editor’s note: includes range length definition of AC system>
This sub-section specifies the minimum range lengths for NR FR1 TRP-TRS OTA systems. The range length is defined as the distance from the centre of the quiet zone to the aperture of the measurement probes/antennas, as illustrated in Figure 7.7.1-1. 
[image: ]
Figure 7.7.1-1: Illustration of range length definition
The minimum range length shall be the maximum of the following three limits

-	The phase uncertainty limit: RQZ+2Drad2/
-	The amplitude uncertainty limit: 3D
-	The reactive Near-Field limit: RQZ+2
where RQZ is defined as the radius of the quiet zone, i.e., RQZ=D/2, and Drad is the diameter of the effective radiating aperture. The minimum range length calculations for D=30cm quiet zone size TRP-TRS OTA test systems shall assume that Drad is 30cm below 1GHz and decrease linearly from 30cm to 5cm from 1GHz to 7.125GHz, respectively. The last column of Table 7.7.1-1 shall be considered the minimum range length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
Table 7.7.1-1: Minimum Range Length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
	F [GHz]
	Drad [m]
	RQZ+2Drad²/λ
	3D = 6RQZ
	RQZ+2λ
	max(RQZ+2λ,3D,RQZ+2D²/λ)

	0.41
	0.30
	0.40
	0.9
	1.61
	1.61

	0.6
	0.30
	0.51
	0.9
	1.15
	1.15

	0.7
	0.30
	0.57
	0.9
	1.01
	1.01

	0.8
	0.30
	0.63
	0.9
	0.90
	0.90

	1
	0.30
	0.75
	0.9
	0.75
	0.90

	1.2
	0.29
	0.83
	0.9
	0.65
	0.90

	1.4
	0.28
	0.90
	0.9
	0.58
	0.90

	1.6
	0.28
	0.96
	0.9
	0.52
	0.96

	1.8
	0.27
	1.01
	0.9
	0.48
	1.01

	2
	0.26
	1.05
	0.9
	0.45
	1.05

	2.2
	0.25
	1.07
	0.9
	0.42
	1.07

	2.4
	0.24
	1.09
	0.9
	0.40
	1.09

	2.6
	0.23
	1.11
	0.9
	0.38
	1.11

	2.8
	0.23
	1.11
	0.9
	0.36
	1.11

	3
	0.22
	1.10
	0.9
	0.35
	1.10

	4
	0.18
	0.99
	0.9
	0.30
	0.99

	5
	0.14
	0.77
	0.9
	0.27
	0.90

	6
	0.10
	0.52
	0.9
	0.25
	0.90

	7
	0.06
	0.29
	0.9
	0.24
	0.90

	7.125
	0.05
	0.27
	0.9
	0.23
	0.90





[bookmark: _Toc120868721]8	Alternative test methodology
[bookmark: _Toc47103328][bookmark: _Toc120868722]8.1	General 
<Editor’s note: Detailed structure of the subclause is TBD. Applicability of alternative test methodology can be defined in this clause >
[bookmark: _Toc120868723]8.2	Test setup 
<Editor’s note: includes test setup description,>
[bookmark: _Toc120868724]8.3	Chamber Characterization 
<Editor’s note: includes test description for e.g., S-Parameters, Coherence Bandwidth, Power Transfer Function >
[bookmark: _Toc120868725]8.4	Calibration procedure 
 <Editor’s note: includes calibration for the chamber >
[bookmark: _Toc120868726]8.5	TRP Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc120868727]8.6	TRS Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc120868728]8.6	Test Volume 
 <Editor’s note: includes definition of test volume >

[bookmark: _Toc120868729]9	Testing time reduction methodologies
[bookmark: _Toc120868730]9.1	General
<Editor’s note: Alternate test procedure/ test methods to reduce the testing time, or new measurement grid. >
[bookmark: _Toc120868731]9.2	Alternative measurement grid for Anechoic Chamber method 
<Editor’s note: Alternate measurement grid to reduce the testing time, including analysis and outcome >

[bookmark: _Toc120868732]9.3	Other solutions 
<Editor’s note: other concluded solutions to reduce testing time, including analysis and outcome >

[bookmark: _Toc47103333][bookmark: _Toc120868733]Annex A:
UE coordinate system


[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

[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: _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>



[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 >

[bookmark: _Toc47103335]

[bookmark: _Toc120868740]Annex C:
Environmental requirements
<Editor’s note: Detailed structure of the subclause is TBD.  Normal condition>


[bookmark: _Toc120868741]Annex D:
Phantom Definition
< Editor’s note: Detailed structure of the subclause is TBD. General for reference method and alternative method >



[bookmark: _Toc47103337][bookmark: _Toc120868742]Annex E:
Harmonization outcome of Alternative method and Reference method
< Editor’s note: Detailed structure of the subclause is TBD. 
Framework, pass/fail limits, and final conclusions>
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