[bookmark: Title][bookmark: DocumentFor][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 101-e 	R4- 2118869
Electronic Meeting, 1 Nov - 12 Nov, 2021

Source:	LG Electronics
Title:	On 60GHz OTA testing for vehicular UE
Agenda item:	9.1.2, OTA test methods for UE RF, RRM and demodulation for 52.6~71GHz
Document for:	Discussion and Approval


[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
3GPP TSG RAN Meeting #92e discussed objectives to ongoing FR2 Test Methods Enhancements SI and agreed following [3]:
Study and define the over the air (OTA) test methods for UE RF, RRM, and demodulation requirements for the 52.6GHz-71GHz frequency range:
· Extend the applicability of the FR2 OTA UE RF/RRM/demodulation test methods defined in TR 38.810, TR 38.884 and TS 38.508-1, wherever possible 
· Identify any changes needed, including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria, channel models considered, etc.
· Consider possible test time reduction techniques, 
· Consider practical upper frequency limit for spurious emission measurements,
· Establish applicable frequency range for system
· Determine whether the test system need to test different frequency bands in the same test system (e.g., 24GHz to 71GHz)
· Target device types
· First priority: Handheld UE, laptop, tablet, vehicular UE, and FWA
· Focus on devices prioritized in the NR > 52GHz WI [UID 860041]
· Utilize free space testing configuration for test methods definition.
· Study the preliminary measurement uncertainty
· NOTE: unfinished UE testability aspects, if any, do not impact setting UE core requirements and completing the NR > 52.6 GHz WI [UID 860041]

Discussion was continued in RAN WG4#100-e meeting and following way forward was agreed [4].

The characteristics below will be used as baseline to gather input on target UE types to determine if current test methodologies can be reused.
· Maximum separation between antennas in the device and maximum device size, related to QZ size and chamber size
· Maximum DUT weight, related to the positioner loading capability
· UE array size, typically independent from the UE type but related to the Power Class, which determines the measurement grid (addressed in topic 1.4)

Defer decision on whether embedded UE / OBU / TCU + antenna can be considered the DUT for vehicular UE to RAN4#101-e
· For discussions, industry to provide feedback on testability aspects of vehicular UEs, e.g., full device testing vs embedded UE only testing (with or without ground plane), device sizes/weights, antenna separations, etc.
This contribution provides information on the physical characteristics of for the On Board Unit (OBU) or Telematics Control Unit (TCU) that are be found inside the vehicles and can be used as example when considering the testability aspects and test system requirements for 60GHz vehicular UE.
Discussion on 60GHz OTA testing for vehicular UE

FR2 test methodology conditions and positions for handheld, laptop, tablet and FWA type of devices have been defined in 3GPP TS 38.521-2 Annex N “Test conditions and angle definitions”. This section includes definitions for three different alignment options for smartphones and tablets and following kind of definitions for laptop (1) and again three (3) alignment options for FWA with examples provided in Figure 1.

Currently no test conditions are defined for vehicular device as form factor for such devices has been difficult to foresee, but vehicular device type was included into ongoing FR2 Test Methods Enhancements SI [3]. Although uncertainties regarding the form factor for vehicular devices still remains we think that a way forward could be to study if the requirements and tests could be defined for the module including the radio parts, which is also called as On Board Unit (OBU) or Telematics Control Unit (TCU) inside the vehicle instead of vehicle with such unit installed. With this approach similar methods and definitions as shown in Figure 1 for laptop or FWA could be adopted as form-factor and size wise the above-mentioned DUTs are close to these ones. It is possible that DUTs in vehicles are equipped with external antenna arrangements or similar that are integrated into surrounding mechanics in real product i.e., which are not physically inside the DUT of physically connected with it, but in this case the testing should be carried out following the placement guidelines from the manufacturer or the manufacturer should provide mechanics, which mimic the real product implementation.  When it comes to orientation and rotation of the DUT during the tests it should be taken into account that installations in vehicles are usually fixed and rotation is possible only around the Z-axis. 
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[bookmark: _Ref76557423]Figure 2. Examples on test conditions and alignment for laptop and FWA in 38.521-2.

OBU + shark-fin antenna configuration supporting also the FR2 frequency range, where OBU is located under the antenna is shown in Figure 2. The external shark-fin shaped antenna radome includes multiple difference antennas for sub-6GHz wireless communication and other wireless systems and includes also 2-3 panels to support FR2 frequencies with proper antenna coverage in horizontal plane (azimuth).

The Figure 2 also shows the dimension for the solution but those and also estimated weight are also shown in Table 1. The drawing also shows the part of the car roof that operates as ground plane but this is not taken into account in the dimensions as the size of the ground plane.

[bookmark: _Ref84269064]Table 1. Example dimensions and weight for OBU with shark-fin antenna 
	Parameter
	
	Unit

	X
	181
	mm

	Y
	63
	mm

	Z
	80
	mm

	Weight
	<1
	kg



Observation 1: The dimensions and weight of the OBU with shark-fin antenna are similar to ones of laptop and FWA devices and therefore these are not expected to block the use of similar OTA methods. The dimensions of the DUT with sufficient GND plane are likely larger that DUT itself in X- and Y-dimension, but actual size of the ground plane and its impact to measurement accuracy is FFS.
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[bookmark: _Ref84267438]Figure 2. OBU and shark-fin antenna arrangement

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Observation 1: The dimensions and weight of the OBU with shark-fin antenna are similar to ones of laptop and FWA devices and therefore these are not expected to block the use of similar OTA methods. The dimensions of the DUT with sufficient GND plane are likely larger that DUT itself in X- and Y-dimension, but actual size of the ground plane and its impact to measurement accuracy is FFS.
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Table N.2-4: Test conditions and angle definitions for laptops
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Table N.2-5: Test conditions and angle definitions for FWA for Alignment Option 1
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NOTE 1: A polarization reference, as defined in relation to the reference coordinate system in N.1-1, is maintained for
each signal angle, link or interferer angle, and measurement angle.
NOTE 2: The combination of rotations is captured by matrix M=Rx(y)*Ry(B)*Rx(c)





