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1	Introduction 
A new work item to define the OTA test methodology and TRP/TRS requirements for UEs operating in NR FR1 stand-alone and EN-DC within FR1 configurations was approved during the RAN #91 [1] and further revised during RAN #92 [2].  During the RAN4 #99 meeting a liaison was sent to CTIA with the following request [3]:

	1	Overall description
3GPP RAN Plenary approved the WI on FR1 TRP TRS OTA in RAN#91e meeting, March 2021. This WI is to define FR1 OTA test methodology and specify corresponding FR1 TRP and TRS OTA requirements, for both SA and EN-DC UEs. 

Based on objectives in the WID, phantom-based testing has been agreed as the 1st priority test condition for smartphone UEs.  
CTIA is expertized on phantoms development and has been successfully defined the human phantoms for 5G OTA testing. Using the same set of phantoms for UE antenna performance measurement in the industry is not only beneficial to UE conformance testing but also for product development.

3GPP RAN4 would like to cooperate with CTIA on FR1 OTA test methods and try to define a harmonized test method for the industry. Therefore, 3GPP would like to ask for the permission of head&hand phantoms defined in CTIA for 3GPP FR1 OTA test method development, feedback from CTIA on the following question is much appreciated:
· Can 3GPP reference the head and hand phantoms defined in CTIA OTA test plan to develop FR1 OTA test methods? 
2	Actions
To CTIA: 
ACTION: 	3GPP RAN4 respectfully asks CTIA to share feedback on the above information and encourage CTIA to further collaborate with 3GPP RAN4 on 5G FR1 OTA test method and requirement.


 
The agreements following the RAN4 #99 meeting, captured in [4], indicated the development of head and hand phantoms as one of the open issues.

This contribution provides our views on test cases which employ hand phantoms.
2	Discussion 
Considering the scope of TRP/TRS testing methodology for smartphones, two phantom configurations can be applicable:  talk mode beside head and hand (BHH) and data mode in hand (H).

According to TR25.914 [5], the quiet zone dimension and minimum distance to the DUT are defined as follows:
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By applying the TR37.914 definiton, the minimum radius of the quiet zone of 150 mm implies that the maximum extension of the radiating structure, when the DUT is placed in a hand phantom and next to the head phantom, spans the diameter of the quiet zone, or 300 mm.  Table 1 below provides the minimum measurement criterion calculations for several NR bands.

Table 1: Minimum measurement distance criterion
	NR Band
	Uplink frequency (MHz)
	Downlink frequency (MHz)
	Wavelength (m)
	Phase limit
2D2/λ
	Amplitude limit
3D
	Reactive near-field limit
3λ
	min R (m)

	
	Low frequency
	High frequncy
	Low frequency
	High frequency
	Low frequency
	High frequency
	
	
	
	

	n71
	663
	698
	617
	652
	0.49
	0.43
	0.42
	0.90
	1.46
	1.46

	n28
	703
	748
	758
	803
	0.43
	0.37
	0.48
	0.90
	1.28
	1.28

	n66
	1710
	1780
	2110
	2200
	0.18
	0.14
	1.32
	0.90
	0.53
	1.32

	n1
	1920
	1980
	2110
	2170
	0.16
	0.14
	1.30
	0.90
	0.47
	1.30

	n40
	2300
	2400
	2300
	2400
	0.13
	0.12
	1.44
	0.90
	0.39
	1.44

	n41
	2496
	2690
	2496
	2690
	0.12
	0.11
	1.62
	0.90
	0.36
	1.62

	n77
	3300
	4200
	3300
	4200
	0.09
	0.07
	2.52
	0.90
	0.27
	2.52

	n78
	3300
	3800
	3300
	3800
	0.09
	0.08
	2.28
	0.90
	0.27
	2.28

	n79
	4400
	5000
	4400
	5000
	0.07
	0.06
	3.00
	0.90
	0.20
	3.00

	n46
	5150
	5925
	5150
	5925
	0.06
	0.05
	3.56
	0.90
	0.17
	3.56

	n96
	5925
	7125
	5925
	7125
	0.05
	0.04
	4.28
	0.90
	0.15
	4.28



We observe that the minimum measurement distance increases with frequency up to 4.28 m for band n96.  One area for potential investigation can be to determine whether the assumption placed on D is valid for higher frequencies:  i.e. is the maximum extension of the radiating structure a constant value of D=300 mm?  In addition, is it possible to determine whether the radiating structure needs to enclose the DUT and hand phantom for all test setups?

[bookmark: _Toc79100272]Observation 1:	RAN4 should study whether the assumption D=300 mm is valid for higher frequencies.

[bookmark: _Toc79100273]Observation 2:	RAN4 should study whether the radiating structure needs to enclose the DUT and hand phantom for all test setups.

Two distinct hand phantom designs accommodate device width ≤ 72 mm and device width > 72 mm.  While developing TRP/TRS requirements for LTE handsets, RAN4 recognized this distinction and focused the effort on device width ≤ 72 mm [6].

[bookmark: _Toc79100274]Observation 3:	RAN4 should define separate BHH and H requirements for devices with width ≤ 72 mm and with width > 72 mm.

3	Conclusions
This contribution provides our views on test cases which employ hand phantoms and makes the following observations:

Observation 1:	RAN4 should study whether the assumption D=300 mm is valid for higher frequencies.
Observation 2:	RAN4 should study whether the radiating structure needs to enclose the DUT and hand phantom for all test setups.
Observation 3:	RAN4 should define separate BHH and H requirements for devices with width ≤ 72 mm and width > 72 mm.
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5.21 Quiet zone dimension

Quiet zone has to be large enough to contain DUT attached to a phantom head and shoulders. The dimensions have to
be slightly larger than the phantom dimension due to the fact that the rotation axes are not passing through the
symmetry plane of the phantom, but through the phase center of the DUT. Thus minimum radius of the quiet zone has
to be 150mm, which is the approximate distance from a mobile phone to the edge of the head and shoulders phantom
while the phone is placed in an "intended use" position.

522 Minimum distance between the DUT and the measurement antenna

For far-field measurements, the distance » between the DUT and the measurement antenna should be
2D?
r>max| —,3D,34 5.1
A

where A is the largest wavelength within the frequency band of interest and D the maximum extension of the radiating
structure. Then the phase- and amplitude uncertainty limits and the reactive near field limit are not exceeded. The
influence of measurement distance is discussed in Appendix A - Estimation of Measurement Uncertainty




