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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The definition of the coordinate system and the corresponding positioning guidelines are key definitions required for OTA testing in order to ensure repeatable results, and become even much more critical for FR2.
This contribution presents the DUT positioning guidelines for device types other than small handhelds, which is the only one considered up to now in TS 38.521-2 [1].
Discussion
Current UE conformance specification for RF in TS 38.521-2 [1] does not differentiate between UE form factors, although is a major factor defining the OTA test environment, but follows the DUT positioning guidelines defined in the FR2 Testability TR 38.810 [2]. In this TR, it is clearly stated that test methods were introduced only for handheld UEs:

[bookmark: _Toc21020159]4.1	Device types and UE power classes
In accordance to the study item objectives the following device types are considered in the scope of this study:
-	Smartphone
-	Laptop mounted equipment (such as plug-in devices like USB dongles)
-	Laptop embedded equipment
-	Tablet
-	Wearable devices
-	Vehicular mounted device
-	Fixed Wireless Access (FWA) terminal
-	Fixed mounted devices (e.g. sensors, automation etc.)
-	Other UE types are not precluded for discussion as a second priority
-	The development of test methodology aspects shall initially focus on the FWA, tablet, and smart phone device types
Four different FR2 UE Power Classes are defined in the Rel-15 scope in TS 38.101-2 [16]. Different UE power classes are characterized by different UE antenna design assumptions and have different UE maximum output power and reference sensitivity requirements.
The test methods defined in this document are introduced for handheld UEs and applicable to FR2 UE Power Class 3 unless otherwise stated. The test methods can be applicable for other device types such as FWA, tablets, vehicle mounted UE etc. in case they comply with UE power class 3 requirements.
The test methods can be further extended to other FR2 UE power classes (i.e. UE power classes 1, 2 and 4). At least the following test methods components are specific to different FR2 UE power classes and shall be adjusted:
-	Measurement grids used for the UE RF Tx and Rx measurements.
-	Noise power level (Noc) and feasible SNR range for UE demodulation and RRM test methodologies.


Even though the applicability of the methods in TR 38.810 [2] can be extended for other device types, the test conditions (i.e. DUT alignment) require further definition to ensure consistent results among test systems. Since human phantoms are not considered for FR2 conformance / performance testing, as opposed to legacy OTA test specifications [3][4][5], the definition of DUT alignment with respect to the OTA test setup is crucial.
Observation 1: Additional test conditions (i.e. DUT alignment) are missing in TS 38.521-2 to test devices other than handheld type devices.

Laptop Embedded Equipment (LEE)
Laptop device type is completely disregarded in current DUT alignment definition in TS 38.521-2 [1] but is a typical UE type well defined in OTA test specifications [3][4][5]. TS 37.544 [4] defines LEE as “Laptop embedded equipment (such as embedded module card embedded in notebooks)” and provides the testing conditions on Annex A:
[bookmark: _Toc516760220]A.2.4.2	Notebook
A notebook PC is a portable personal computer combining the computer, keyboard and display in one form factor. Typically the keyboard is built into the base and the display is hinged along the back edge of the base. The largest single dimension for a notebook is limited to 0.42 m.
As notebooks are not body worn equipment nor recommended for use placed directly on the lap, the notebook shall be tested in a free space configuration without head and hand phantoms. 
When the notebook is placed in a measurement chamber the display shall be configured according to Table A.2.4.2-1.
[bookmark: _Ref289241988]Table A.2.4.2-1: Display Settings
Parameter
Value
Note
Display lid angle
110 +/- 5 degrees
The lid angle is defined as the angle between the front of the display to the levelled base.
LCD Backlight
50%

Ambient sensor
Disabled


A typical notebook PC is equipped with several radio access technologies. During the measurement the DUT shall be configured according to Table A.2.4.2-2.
[bookmark: _Ref289241993]Table A.2.4.2-2: Embedded radio transmitters
Parameter
Value
Note
WWAN
Enabled
This is the DUT transceiver
Other transceivers
Disabled
UWB, WLAN, Bluetooth™

The notebook power management shall be configured according to Table A.2.4.2-3.
[bookmark: _Ref289241995]Table A.2.4.2-3: Power management
Parameter
Value
Note
Screensaver
Disabled

Turn OFF display
Never

Turn OFF Hard drive
Never

System Hibernate
Never

System Standby
Never

Dynamic control of clock frequencies
Disabled

Power source
Standard battery


If the notebook is equipped with retractable antennas the device shall be tested with the antennas in a configuration recommended by the manufactures.


Figure 2.1-1 shows the detailed alignment following this definition:



[image: ]
Figure 2.1-1: LEE alignment proposal

Proposal 1: Include the DUT alignment shown in Figure 2.1-1 in TS 38.521-2 for LEE devices. 


Tablet
Tablet device type impose additional restrictions in terms of size and weight and therefore the corresponding fixtures to cover all 3 alignment options currently in TS 38.521-2 [1] become unpractical. DUT alignment described in OTA test specifications [3][4][5] is sufficient, assuming that with this device form factor there will be more space away from antenna arrays where fixture can hold the device. TS 37.544 [4] provides the testing conditions on Annex A: 
[bookmark: _Toc516760221]A.2.4.3	Tablet
A tablet is a portable personal computer combining the computer and display in a single form factor. User input is accomplished via touch screen or a pen. The largest single dimension (i.e., length, width, height) for a tablet is limited to 0.42 m. Tablet devices may have different primary mechanical modes.
Tablet shall be tested in a free space configuration without head and hand phantoms. If hand phantom grips become available for tablets, the testing configuration for tablets may be revisited. The centre of rotation shall be the three-dimensional geometric centre of the EUT, display facing free space.

This alignment is equivalent to Alignment Option 2 described for small handheld devices in TS 38.521-2 [1], Table N.2-2.

Figure 2.2-1 shows the detailed alignment following this definition, including the corresponding options for Orientation 2 to implement the re-positioning approach:
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(b)							(c)
Figure 2.2-1: Alignment proposal for tablets: (a) DUT Orientation 1; (b) DUT Orientation 2, Option 1; (b) DUT Orientation 2, Option 2

Proposal 2: Include the DUT alignment shown in Figure 2.2-1 in TS 38.521-2 for tablet type devices.

Fixed Wireless Access (FWA)
Fixed Wireless Access device type (commonly known as Customer Premises Equipment or CPE), and similar to tablet device type, also impose additional restrictions in terms of size and weight affecting the corresponding fixtures. In addition, and considering this devices type is the main form factor for PC1 devices, a single concrete DUT alignment is required as shown in Figure 2.3-1. 


[image: ]		[image: ]
(a)							(b)
Figure 2.3-1: FWA alignment proposal: (a) DUT example 1, (b) DUT example 2
In both examples, the longest dimension is placed along x-axis, while ensuring the antenna array is pointing towards the upper hemisphere (along +z axis).
Proposal 3: Include the DUT alignment shown in Figure 2.3-1 in TS 38.521-2 for FWA type devices.

In addition to device form factors with dedicated alignment options as described above, additional guidance for Generic Devices might also be required to ensure repeatable results among different test systems. 
Observation 2: Additional DUT alignment guidance for other form factors is not precluded. 

[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution, the following observations and proposal were made:
Observation 1: Additional test conditions (i.e. DUT alignment) are missing in TS 38.521-2 to test devices other than handheld type devices.
Proposal 1: Include the DUT alignment shown in Figure 2.1-1 in TS 38.521-2 for LEE devices. 
Proposal 2: Include the DUT alignment shown in Figure 2.2-1 in TS 38.521-2 for tablet type devices.
Proposal 3: Include the DUT alignment shown in Figure 2.3-1 in TS 38.521-2 for FWA type devices.
Observation 2: Additional DUT alignment guidance for other form factors is not precluded. 
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