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1. Introduction

In RAN4 #106, WF [1] suggests further study the feasibility of tests with hand phantom.
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Sub-topic 2-1 FR1 MIMO OTA testing with Hand phantoms 

Issue 2-1-1: General views

<Agreement>: Keep the previous agreement as below.

· Further study the necessity and feasibility of FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.
Issue 2-1-2: Quite zone/Test zone size for FR1 MIMO OTA testing with phantoms

<Agreement>: Keep the previous agreement as below.
· FFS on the feasibility of reusing the existing quite zone size for FR1 MIMO OTA testing with hand phantoms.

· According to the existing WID, increasing quite zone size is out of scope. 

This contribution investigates the feasibility and provides options on tests with hand phantom.
2. Discussion
According to the description in Annex D of [3], the quiet zone is a cylinder of 20 cm in diameter and 20 cm in height. The diagonal dimension of the quiet zone is therefore 28.3 cm. Table 5.1.5.1-1 in [4] gives hand length as 18.65 cm (from center of wrist to tip of digit III) and hand width as 8.5 cm. 
In Data Mode Portrait (DMP) position, phone rests on palm at a position roughly 3 times of metacarpal measured from the bottom of the hand phantom. Namely the distance between the bottom of hand phantom and that of the phone is about 5.2 cm = 3 x 1.74 cm, where 1.74 cm denotes the length of metacarpal according to Figure 5.1.5.1-1 and Table 5.1.5.1-1 in [4].
Figure 1 shows the number of phone models supporting NR as a function of their lengths according to the data available in [5]. It is clear that no model is longer than 180 mm. The reason for selecting 2021 is to test devices in the most recent two-year period. Anyway, there is no phone longer than 180 mm since year 2000.
Assuming the longest phone length of 18 cm, this would make the length of phone with hand phantom to be 18 cm + 5.2 cm = 23.2 cm, which is well within the quiet zone of 28.3 cm when placed in diagonal direction as in left/right hand (LH/LR) Data Mode Portrait (DMP).
The associated MU for hand phantom is given in [2].
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Figure 1 Number of NR phone models since 2021 as a function of their lengths

Observation 1: left/right hand (LH/LR) Data Mode Portrait (DMP) can be tested within existing quiet zone.
Tests in LH/RH DMP position would provide MIMO performances distinct from those in free space. SISO TRS with hand phantom is not a substitute for MIMO with hand phantom because SISO multiple antennas combine the performances of all antenna using algorithms such as Maximum Ratio Combining (MRC) while MIMO transmissions form independent data streams. 
Data Mode Landscape (DML) and Data Mode Screen UP (DMSU) are two other data modes. However, there is no defined hand phantom for DML so far, albeit experimental phantoms with two hands for DML have been made and tested [6]. DMSU is not a natural position for consumers in data browsing mode.

Proposal 1: consider testing left/right hand (LH/LR) Data Mode Portrait (DMP) with additional MU term for hand phantom given in R4-2218071 without the need to test Data Mode Landscape (DML) and Data Mode Screen UP (DMSU).

3. Conclusions
This contribution makes the following proposals and observation.
Observation 1: left/right hand (LH/LR) Data Mode Portrait (DMP) can be tested within existing quiet zone.

Proposal 1: consider testing left/right hand (LH/LR) Data Mode Portrait (DMP) with additional MU term for hand phantom given in R4-2218071 without the need to test Data Mode Landscape (DML) and Data Mode Screen UP (DMSU).
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