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1	Introduction
In RAN4#104bis-e meeting, the OTA phantoms for RedCap wearable devices have been agreed, in the WF [1]. 
Agreements: 
· Proposal 1: Adopt the same TRP and TRS calculation equation (in Clause 6.2.1 and 7.2.1 in TS 38.161 v17.0.0) for Handheld UE to calculate TRP and TRS for RedCap devices. 
· Proposal 2: This WI should concentrate on defining test methodology and performance criteria for wrist worn watches. Further discuss and confirm the “watch” definition, following the same conclusion for “watch” in Rel-17 RedCap WI is needed.
· Proposal 3: New measurement parameters for each NR band should be defined for FR1 RedCap TRP TRS OTA testing. 
· Proposal 4: Introduce forearm phantom for FR1 wearable device measurement and keep close coordination with CTIA on this topic, WI rapporteur coordinate with CTIA certification on whether new LS is needed . 
· Proposal 5: The legacy TRP/TRS test method and test system for smartphone can be reused for RedCap devices as much as possible. Other aspects like new phantom positioning and new measurement grid should also be considered. 


In the LS from CTIA, the permission of phantom usage and figures reproducing in 3GPP and all OPs (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, and TTC) has been formally confirmed [2]. Based on the coordination with CTIA, this contribution provides the text proposals to introduce forearm phantom into 3GPP spec. 
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[bookmark: _Toc144127285]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>.
Browsing mode usage: This mode corresponds to “data” mode, the device is tested via hand-only phantoms.
Primary mechanical mode: The mode that is most often used for a specific user scenario. Every terminal has at least one primary mechanical mode, if multiple modes are supported, different primary mechanical modes may be applicable for different user scenarios, e.g., different primary mechanical modes for Browsing mode usage and Talk mode usage for the same UE.
Talk mode usage: This mode corresponds to “talk” mode, the device is tested via head&hand phantoms.
Wrist-worn mode usage: This mode corresponds to wearable device for wrist-worn mode, the device is tested via forearm phantoms.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc144127286]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc144127287]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)
AC	Anechoic Chamber
BHHL	Beside Head and Hand Left Side (Head and Hand Phantom)
BHHR	Beside Head and Hand Right Side (Head and Hand Phantom)
CA	Carrier Aggregation
DUT	Device Under Test
E-UTRA	Evolved UTRA
EIRP 	Effective Isotropic Radiated Power
EUT	Equipment Under Test
FR1	Frequency Range 1
FS	Free Space
HL	Hand Left (Hand Phantom Only)
HR	Hand Right (Hand Phantom Only)
MPR	Allowed maximum power reduction
NR	New Radio
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
RedCap	Reduced Capability
SA	Standalone
SS	System Simulator
TAA	Time-Averaging Algorithm
TAS	Tx Antenna Switching
TRP	Total Radiated Power
TRS	Total Radiated Sensitivity
TxD	Tx Diversity
UE	User Equipment
UL MIMO	Uplink Multiple Antenna transmission
<ABBREVIATION>	<Expansion>

--------------End of text proposal 1-------------

--------------Start of text proposal 2-------------
[bookmark: _Toc144127304]6	UE positioning guidelines

[bookmark: _Toc144127305]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
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[bookmark: _Toc144127306]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 where the DUT is held in hand, but not pressed against ear e.g. web browsing and navigation. For hand phantom only, Tthe 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: _Toc144127307]6.2.1	Wide Grip Hand  
This positioning guideline is suitable for DUTs with width >72mm and ≤92mm. 
The positioning guideline for mounting a DUT in the Wide Grip Hand Phantom defined in CTIA Certification OTA Test Plan 01.71 section A.1.4.42.2.7 [14], is used for FR1 TRP TRS testing for UE with Width >72mm and ≤92mm in this technical report.
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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: _Toc144127308]6.2.2	PDA Grip Hand 
This clause defines the positioning guideline for mounting a DUT in the PDA Grip Hand Phantom. 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: _Toc144127309]6.3	Head and Hand phantom (Talk Mode)
[bookmark: _Toc144127310]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 6.3.1-23: 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.
In summary, for head + hand phantom, keeping the DUT in the hand phantom in the position defined in clause 6.2, while place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6°tilt angle as described above.
[bookmark: _Toc144127311]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: _Toc144127312][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: _Toc144127313]6.4	Head phantom only 
<Editor’s note: to be added for providing guidance. >
The positioning specified in this clause is used for the test cases for test cases using Head Phantom only. The characteristics of the Head Phantom is specified in Annex D.1.
Positioning of the DUT against the head only is analogous to the positioning of the DUT for the head+hand (talk mode) configuration of section 6.3.1 with the exception that direct contact with the cheek of the head phantom is used instead of the 6º tilt angle from the cheek. The same coordinate system and reference points previously defined on the head phantom and DUT in section 6.3.1 are used.

[bookmark: _Toc129284749]6.5	Forearm phantom
<Editor’s note: to be added>
[bookmark: _Toc129284755]6.5.1	Forearm Phantom placement in the chamber
The Forearm Phantom shall be mounted in the chamber coordinate system as shown in Figure 6.5.1-1.
[image: ]
Figure 6.5.1-1: Positioning guidance for Forearm Phantom in the chamber (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
[bookmark: _Toc129284756][bookmark: _Hlk131791831]6.5.2	Wrist-Worn RedCap Device mounted on the Forearm Phantom 
This positioning guideline is suitable for wrist-worn RedCap devices.
The positioning guideline defined in CTIA Certification OTA Test Plan 01.71 section 2.3 [14], is used for FR1 TRP TRS testing for wrist-worn RedCap devices in this technical report.
The Wrist-worn Device should be fully aligned under some specific virtual Plane to make sure the Wrist-worn Device is properly mounted on the Forearm Phantom.  Plane J cuts through the surface of the forearm phantom and passes through the target test position and is perpendicular to the Y-axis. Plane J is the X-Z plane. Plane K cuts through the forearm phantom at the target test position and is perpendicular to the Z‑axis.  Plane K is the X-Y plane. Plane A and Plane B are virtual planes on wrist-worn device. Plane A cuts through the center of wrist band and Plane B cuts through the center of the display.
Plane B shall be fully aligned with Plane J when the device is mounted on the forearm phantom.
[image: ]
Figure 6.5.2-1: Positioning guidance for Wrist-Worn Device mounted on the Forearm Phantom (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
DUTs shall be mounted with sufficiently snug band tightness so as to prevent the DUT from slipping off under the force of gravity when the phantom is inverted.
Similar to handheld UEs, there are also two Orientations for Wrist-worn RedCap Devices representing the Left and Right Wrist, as shown in Figure 6.5.2-2.  
[image: ]
Figure 6.5.2-2: Left and Right positioning for Wrist-Worn Device on Forearm Phantom (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan
--------------End of text proposal 2 -------------

--------------Start of text proposal 3-------------
[bookmark: _Toc129284860]Annex D:
Phantom Definition
< Editor’s note: Detailed structure of the subclause is TBD. General for reference method and alternative method >
D.3	Forearm Phantom
The Forearm phantom defined in CTIA Certification OTA Test Plan 01.72 section 2.3 [25], is used for FR1 TRP TRS testing for wrist-worn RedCap UE in this technical report.
[image: ]
Figure D.3-1: Forearm Phantom with Target Test Position (© 2001 – 2022 CTIA Certification. Reproduced with permission.), defined in the CTIA Certification OTA Test Plan

--------------End of text proposal 2-------------
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