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Foreword
[bookmark: spectype3]This Technical Specification 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: _Toc121786092][bookmark: _Toc121822777][bookmark: _Toc121822963]
1	Scope
The present document specifies details of conformance testing of UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC). 
[bookmark: _Toc487716512][bookmark: _Toc121786093][bookmark: _Toc121822778][bookmark: _Toc121822964]2	References
Editor’s Note: Intended to capture references within this test specification
[bookmark: _Toc487716513][bookmark: _Toc121786094][bookmark: _Toc121822779][bookmark: _Toc121822965]3	Definitions of terms, symbols, and abbreviations
[bookmark: _Toc97300074][bookmark: _Toc121786095][bookmark: _Toc121822780][bookmark: _Toc121822966]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].
FFS
[bookmark: _Toc97300075][bookmark: _Toc121786096][bookmark: _Toc121822781][bookmark: _Toc121822967]3.2	Symbols
For the purposes of the present document, the following symbols apply:
FFS
[bookmark: _Toc97300076][bookmark: _Toc121786097][bookmark: _Toc121822782][bookmark: _Toc121822968]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].
AC	Anechoic Chamber
DUT	Device Under Test
EIRP 	Effective Isotropic Radiated Power
EUT	Equipment Under Test
FR1	Frequency Range 1
NSA	Non-Standalone, a mode of operation where operation of an other radio is assisted with an other radio 
OTA	Over The Air
QZ	Quiet Zone
SA	Standalone
SS	System Simulator
TAA	Time-Averaging Algorithm
TAS	Tx Antenna Switching
TRP	Total Radiated Power
TRS	Total Radiated Sensitivity
UE	User Equipment

[bookmark: _Toc121786098][bookmark: _Toc487716517][bookmark: _Toc121822783][bookmark: _Toc121822969]4	General
[bookmark: _Toc97300078][bookmark: _Toc121786099][bookmark: _Toc121822784][bookmark: _Toc121822970]4.1	Relationship between minimum requirements and test requirements
The Minimum Requirements given in TS 38.161 [FFS] make no allowance for measurement uncertainty. This test specification will define test tolerances for FR1 TRP TRS. The test tolerances are used to relax the minimum requirements in TS 38.161 [TBD] to create test requirements.
[bookmark: _Toc97300079][bookmark: _Toc121786100][bookmark: _Toc121822785][bookmark: _Toc121822971]4.2	Applicability of minimum requirements
[bookmark: _Toc97300080][bookmark: _Toc121786101][bookmark: _Toc121822786][bookmark: _Toc121822972]4.2.1	General
[bookmark: _Toc97300081]The minimum requirements apply only to the corresponding primary mechanical mode of UE in the environmental conditions specified in Annex C.4.2.2.
[bookmark: _Toc121786102][bookmark: _Toc121822787][bookmark: _Toc121822973]4.2.1	UE mechanical modes
The mechanical modes of a device under test (DUT) are declared by the manufacturer. A DUT shall have at least one mechanical mode. If only one mode is supported, then this is defined as the primary. If multiple modes are supported, the manufacturer can declare different primary mechanical modes applicable for different user scenarios, e.g., different primary mechanical mode for Browsing mode usage and Talk mode usage for the same UE.
[bookmark: _Toc121786103][bookmark: _Toc121822788][bookmark: _Toc121822974]4.3	Applicability rules for testing of FR1 SA and NSA UEs
1.	The applicability and test coverage rules for Non-Standalone (NSA) only capable devices shall include the following:
a)	For each NR band supported by the device, test the UE in EN-DC mode using any one example configuration containing that NR band or configuration declaration decision tree as per recommended TRP/TRS test procedures in this specification.
2.	The applicability and test coverage rules for Standalone (SA) and NSA (EN-DC) capable devices shall include the following:
a)	For each NR band in a device, test the UE in Standalone Mode as per the TRP/TRS test procedures in this specification.
b)	This shall also fulfil coverage for all EN-DC FR1 minimum performance requirements for that NR band and need not be retested in EN-DC mode.
[bookmark: _Toc121786104][bookmark: _Toc121822789][bookmark: _Toc121822975]4.4	Applicability rules for testing of power class capability of UEs
1.	The applicability and test coverage rules for PC2 and PC3 UEs shall include the following:
a)	For UEs that support PC2 in a given band: verify the requirement only with PC2 configuration
b)	For UEs that only support PC3 in a given band: verify the requirement with PC3 configuration
NOTE 1: The test procedure and requirements in this version of the specification apply only for UEs based on 1 Tx configuration and are not applicable to UEs under TxD and UL MIMO configurations.
[bookmark: _Toc121786105][bookmark: _Toc121822790][bookmark: _Toc121822976]5	Frequency Bands
[bookmark: _Toc97300083][bookmark: _Toc121786106][bookmark: _Toc121822791][bookmark: _Toc121822977]5.1	General
Editor’s Note: Detailed structure of this clause is still TBD
[bookmark: _Toc121786107][bookmark: _Toc121822792][bookmark: _Toc121822978]5.2	Operating Bands
Editor’s Note: Detailed structure of this clause is still TBD
[bookmark: _Toc97300085][bookmark: _Toc121786108][bookmark: _Toc121822793][bookmark: _Toc121822979]5.2.1	FR1 Standalone Operating bands
The requirements defined in this specification for FR1 standalone apply to the operating bands defined in Table 5.2.1-1.
Table 5.2.1-1: NR operating bands in FR1 standalone
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n14
	788 MHz – 798 MHz
	758 MHz – 768 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n26
	814 MHz – 849 MHz
	859 MHz – 894 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n30
	2305 MHz – 2315 MHz
	2350 MHz – 2360 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD

	n50
		1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n53
	2483.5 MHz – 2495 MHz
	2483.5 MHz – 2495 MHz
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD4

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n7712
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL

	n95
	2010 MHz – 2025 MHz
	N/A
	SUL



Other operating bands may be considered in future releases.
[bookmark: _Toc97300086][bookmark: _Toc121786109][bookmark: _Toc121822794][bookmark: _Toc121822980]5.2.2	FR1 EN-DC band combinations
Editor’s Note: Example EN-DC combinations can be added
Principle of EN-DC band combinations selection for FR1 TRP TRS OTA testing:
1.	Focus on the performance of the NR carrier and do not consider multiple permutations between different LTE bands and NR band under test, i.e., for each NR band, only select one EN-DC band combination.
2.	For UE supporting multiple EN-DC band combinations for the same NR band, consider only those EN-DC configurations which have no MSD impact on either LTE or NR, i.e., the selected EN-DC combination should be no MSD issue identified in TS 38.101-3 Section 7.3B.2.3 (Inter-band EN-DC within FR1).
Table 5.2.2-1: Measurement parameters for example inter-band EN-DC band combinations (two bands)
	EN-DC
configuration
	E-UTRA configurations
	NR configurations

	DC_3A_n28A
	Note1
	Note2

	DC_2A_n41A
	Note1
	Note2

	DC_1A_n78A
	Note1
	Note2

	DC_1A_n79A
	Note1
	Note2

	Note 1: As per TR 37.902 [10], Section 6.4 (Measurement frequencies).
Note 2: As per Table 4.3.3-1 and Table 4.3.3-2 in TR 38.834.



[bookmark: _Toc121786110][bookmark: _Toc121822795][bookmark: _Toc121822981]6	FR1 Transmitter (TRP) Performance
Editor’s Note: Intended to capture FR1 TRP test cases within this test specification

[bookmark: _Toc121786111][bookmark: _Toc121822796][bookmark: _Toc121822982]7	FR1 Receiver (TRS) Performance
Editor’s Note: Intended to capture FR1 TRS test cases within this test specification

[bookmark: _Toc47103333][bookmark: _Toc97300100][bookmark: _Toc121786112][bookmark: _Toc121822797][bookmark: _Toc121822983]Annex A (normative): Test methodology
[bookmark: _Toc37324461][bookmark: _Toc37323055][bookmark: _Toc37254197][bookmark: _Toc36469780][bookmark: _Toc36456682][bookmark: _Toc29805473][bookmark: _Toc21341025][bookmark: _Toc121786113][bookmark: _Toc121822798][bookmark: _Toc121822984]A.1	General
TRP TRS minimum requirement specified in Clause 6 and Clause 7 should be measured with Anechoic Chamber method.
[bookmark: _Toc121786114][bookmark: _Toc121822799][bookmark: _Toc121822985]A.2	UE configuration
[bookmark: _Toc121786115][bookmark: _Toc121822800][bookmark: _Toc121822986]A.2.1	General
For FR1 TRP and TRS radiated conformance testing, P-MPRc shall be 0 dB.
FR1 TRP and TRS radiated conformance testing shall be performed with the UE consistently operating at maximum power level, e.g., Time-Averaged Algorithm (TAA) and other power back-off functions should be disabled. The above functions OFF should be based on manufacturer declaration, if declared, then the manufacturer is required to provide a mechanism for the test lab to enable/disable the function.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT’s transmitter is at maximum output power during the TRP and TRS test.
A.2.2	UE configuration for TRP test
[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 [TBD], section 6.2.1 (UE maximum output power) using the default settings specified in TS 38.521-1 [TBD] and TS 38.508-1 [TBD] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-1.
For EN-DC, the SS and DUT shall be configured per TS 38.521-3 [TBD], Section 6.2B.1 (UE Maximum Output Power for EN-DC) using the default settings specified in TS 38.521-3 [TBD] and TS 38.508 [TBD] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-3. 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.
A.2.3	UE configuration for TRS test
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.
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 [TBD] using the defaults specified in TS 38.521-1 [TBD] and TS 38.508-1 [TBD] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-2.
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 [TBD], using the defaults specified in TS 38.521-3 [TBD] and TS 38.508 [TBD], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in TR 38.834 Table 4.3.3-3. 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: _Toc121786116][bookmark: _Toc121822801][bookmark: _Toc121822987]A.3	Test system of Anechoic Chamber method
[bookmark: _Toc37324422][bookmark: _Toc37323016][bookmark: _Toc37254158][bookmark: _Toc36469741][bookmark: _Toc36456643][bookmark: _Toc29805434][bookmark: _Toc21340986]A.3.1	System setup
For FR1 TRP TRS testing, both Single-antenna and multiple-antennas anechoic chambers can both be applied. In Figure A.3.1-1, an example TRP TRS test system with combined axes system is presented. 
[image: Graphical user interface

Description automatically generated]
Figure A.3.1-1: Example of a FR1 TRP TRS OTA test system with combined axis

In Figure A.3.1-2, an example TRP TRS test system with distributed axes system is presented.
[image: Diagram

Description automatically generated]
Figure A.3.1-2: Example of a FR1 TRP TRS OTA test system with distributed axis

A.3.2	Calibration procedure
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 centre of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
[image: A picture containing graphical user interface
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Figure A.3.2-1: 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 centre 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 A.2.2-1.
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 centre 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.
A.3.3	Test procedure
[bookmark: _Toc37324425][bookmark: _Toc37323019][bookmark: _Toc37254161][bookmark: _Toc36469744][bookmark: _Toc36456646][bookmark: _Toc29805437][bookmark: _Toc21340989][bookmark: _Toc121786117][bookmark: _Toc121822802][bookmark: _Toc121822988]A.3.3.1 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.
[bookmark: _Toc121786118][bookmark: _Toc121822803][bookmark: _Toc121822989]A.3.3.2 TRP Test procedure
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 in [2].
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
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 in [2].
This TRP test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRP test in SA and EN-DC mode are specified in Clause A.2.
[bookmark: _Toc121786119][bookmark: _Toc121822804][bookmark: _Toc121822990]A.3.3.3 TRS Test procedure
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 [TBD]).
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
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 [TBD], 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 in [TBD].
This TRS test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRS test in SA and EN-DC mode are specified in Clause A.2.
A.3.4	Minimum Range Length
This sub-section specifies the minimum range lengths for Anechoic-Chamber-based 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 A.3.4-1. 
[image: Icon
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Figure A.3.4-1: 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 A.3.4-1 shall be considered the minimum range length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
Table A.3.4-1: 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: _Toc121786120][bookmark: _Toc121822805][bookmark: _Toc121822991]Annex B (normative): Phantoms definition and Positioning
[bookmark: _Toc121786121][bookmark: _Toc121822806][bookmark: _Toc121822992]B.1	General
This Clause defines the phantom definition and positioning guidance for TPR TRS requirement measurement.
[bookmark: _Toc121786122][bookmark: _Toc121822807][bookmark: _Toc121822993]B.2	Phantom Definition
[bookmark: _Toc121822994]B.2.1	Head Phantom
The basic head phantom is based on the “SAM” head phantom in IEEE Std 1528-2003, which is also described in TS 37.544 Annex A.2 [TBD]. For TRP TRS test, the IEEE SAM head model has been extended to the neck region, which is specified in CTIA Certification OTA Test Plan [TBD].
The Head phantom defined in CTIA Certification OTA Test Plan section C.2 [TBD], is used for FR1 TRP TRS requirement testing.
[image: ]
Figure B.2.1-1 Head Phantom (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan

[bookmark: _Toc121822995]B.2.2	PDA Grip Hand Phantom
The PDA Grip Hand described in TS 37.544 Annex A.2.2 [TBD], which is identical to that defined in CTIA Certification OTA Test Plan section C.4.8 [TBD], is adopted for TRP TRS testing for the UE with width ≥56mm and ≤72mm.
[bookmark: _Toc121822996]B.2.3	Wide Grip Hand Phantom
The Wide Grip hand defined in CTIA Certification OTA Test Plan section C.4.9 [TBD], is used for FR1 TRP TRS testing for UE with width >72mm and ≤92mm.
[image: ]
Figure B.2.3-1 Wide Grip hand (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan

[bookmark: _Toc121786123][bookmark: _Toc121822808][bookmark: _Toc121822997]B.3	UE positioning guidelines
[bookmark: _Toc121822998]B.3.1	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 Clause B.3.1. Browsing mode is used to simulate user cases where the DUT is held in hand, but not pressed against ear e.g. web browsing and navigation. The DUT should be set as primary mechanical mode for browsing mode scenario, which is declared by manufacturer if the UE support multiple mechanical modes. Then, 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
Note: the width is the UE width under primary mechanical mode for Browsing mode scenario.
[bookmark: _Toc121786124][bookmark: _Toc121822809][bookmark: _Toc121822999]B.3.1.1	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 [TBD], is used for FR1 TRP TRS testing for UE with width >72mm and ≤92mm.
[image: Diagram
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Figure B.3.1.1-1: Positioning guidance for Wide Grip Hand (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
[bookmark: _Toc121786125][bookmark: _Toc121822810]
[bookmark: _Toc121823000]B.3.1.2	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 Clause B.3.2.1.
[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.
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