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1. Introduction
The 3GPP study TR 38.826 [1] evaluates the impact on the cell-edge coverage performance of the 2Rx vehicle mounted UE in frequency bands where UE with 4Rx are mandated. In the LS [2], RAN4 requested TRP measurements of the vehicle implementations for a comparison of the antenna characteristics of a typical handheld antenna implementation and a typical vehicle mounted antenna implementation. In the following, some Vehicle OEM would like to provide more information to clarify this issue.

2. Discussion
In the 5GAA LS to RAN4 [3], vehicle OEMs provided average antenna gain values of typical antenna implementations (rooftop and window) in series vehicles, which illustrate the value distribution/situation over a large group of vehicle OEMs. Further, the proposed baseline values for the study 3GPP TR 38.826 represent a pessimistic average assumption for the expected implementation of the deployment for a large group of vehicle OEMs. 
These antenna gain values are determined by passive antenna measurements and, as reported, the provided gain values consist of the antenna gain and include cable losses. 
Passive antenna measurements are commonly accepted methodologies to characterise distributed communication systems like e.g. in maritime / vehicular environments, broadcast or base stations. 
One advantage is that each single component of a communication system (e.g. antenna, cables, transmitters) can be characterised independently from the other as long they are within the 50 ohms system to avoid mismatch losses.
The following brief description illustrates the relevant differences of antenna characterizations in the vehicular industry and mobile handheld industry.
Passive antenna measurements
Vehicular mounted antennas are typically measured in a passive measurement setup. Here the power of an external supply RF source is delivered to the antenna and the radiated power at different angles around the vehicle is measured.
Due to the nature of vehicles driving on roads only the radiation in the upper hemisphere is of main interest. Consequently, for vehicle mounted antennas the orientation relative to ground remains constant. Therefore the relevant range of the radiation direction for mobile communication is 0°-30° from ground.
Note: Some Antenna measurement and simulation systems measure from the perpendicular axis to ground. With this definition the relevant communication range is theta=60°-90°.
As vehicles always move over grounds, these grounds reflect more or less the incoming electromagnetic waves. This situation is reproduced in the measurement setups where the car is typically sitting on a large metal plate. Since the reflected waves are also measured by the measurement setup, especially for theta < 60°, and are account like power being radiated by the vehicular antenna this kind of measurement setups are not reasonable to derive antenna efficiency values, in particular, for performance metric of an antenna system in the field. 
Active antenna measurements
Among other values, this measurement type delivers TRP values. The transmitter of the UE is active and the total radiated power is averaged over the complete sphere. Only a complete communication system (e.g. final antenna, transmitter, cables) can deliver meaningful TRP values.
Considering the complete sphere is vital since the orientation of mobile phones against the base stations depends on individual usage.
Since TRP is just a scalar number it can be easily compared to the power at the input of the antenna. This defines the antenna efficiency as an easy antenna performance metric.
Observation #1: TRP measurements are not a meaningful performance metric for the vehicular antenna implementations and are therefore are not performed. 

Elevation range of 0°-30°
Vehicle OEMs would like to elaborate on why the elevation range of 0-30° (measured from ground to sky, equal to theta=60°-90° of measurement / simulation systems) is relevant for vehicular mobile communication. 
Vehicles always move over grounds which limits the orientation of the vehicular antenna towards the base station to the movements in the horizontal plane. The figure below illustrates the most significant difference of the antenna usage for several MBB service. Typical distances between vehicles and base station and typical mounting heights of base station antennas result in a dominant utilisation of this elevation range for mobile communication. For this reasons the vehicle OEMs  consider the antenna gain values of this range to be used in the 3GPP RAN4 link budget calculation.  
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Figure 1: Relevant elevation ranges for handheld and vehicle mounted antennas.

Example for the antenna radiation pattern over the whole elevation range
Figure 2 illustrates the radiation pattern characteristics over the whole elevation range. 
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Figure 2: Antenna pattern exapmle for radiation characteristics elevation (simulation).
This implementation example of a monopole like antenna implementation indicates the antenna performance above an elevation angle of 30°. According to this example, the following conclusion can be drawn:
· The radiation characteristics between 30° and 60° is comparable to the values between 0° and 30°.
· Although an elevation angel of 60°-90° is almost not used for a connection to a mobile network the antenna performance is still satisfying. 
If for special topography factors (e.g. hilly surroundings) larger elevation angles are to be considered, then this can result in slightly different antenna gain values compared to an elevation range of 0-30°. This is illustrated in the measurement results in Table 1 and Figure 3. 
Table 1: Average antenna gain values for elevation ranges 60°-90° and 50°-90°.
	Elevation range [°]
	60-90
	50-90

	Antenna gain [dB]
	2.65
	2.47 
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Figure 3: Comparison of the antenna gain and radiation characteristic averaged over elevation ranges 60°-90° (left hand side) an 50°-90° (right hand side)
 
From the figure below it can be seen that elevation (Note: ground plane reference) angles 
· below 45° are in the range of a distance equal to the BS antenna height and
· below 30° are in the range of a distance equal to 2 times BS antenna height  
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Figure  43: Relation between the elevation and the distance-height ratio (distance referrers to the horizontal distance between BS antenna and vehicle antenna and height referrers to the height of the BS antennas)
Assuming that the cell radius is much larger than the base station antenna height (1:10), cell area, where elevation of above 80° is required, is much smaller than 1% of the whole cell area.
Observation #2: The relevant elevation range for vehicular antenna implementations is between 0° and 30°.

Architectural aspects on the overall antenna gain
Mounting positions of the TCU (telematics control unit) inside the vehicle’s interior typically require RF cables and connectors to connect to the antennas mounted at the outer shell.  The commonly used FAKRA connectors are automotive graded RF components with a typical loss of below 0.2dB (https://www.amphenolrf.com/connectors/fakra.html). The losses of the antenna module’s connector are typically measured in the antenna gain measurements. Compared to the losses of the RF cables (~1dB / m) the losses of the RF connectors can be neglected. 
Antenna gain values are typically given as realized gain values which means that mismatch losses of the measurement setup are excluded from the measurement results and don’t need to be considered in the link budget analysis.
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3.  Conclusion
Observation #1: TRP measurements are not a meaningful performance metric for the vehicular antenna implementations and are therefore are not performed. 
Observation #2: The relevant elevation range for vehicular antenna implementations is between 0° and 30°.


****************** Start of the TP in Sub-clause 6.x of TR38.826 ************************
[bookmark: _Toc528068337]5.2 Baseline Rx antenna gain 
Table 5.2-1 defines the baseline Rx antenna gain for the link budget calculation.
Table 5.2-1: Reference baseline Rx antenna gain (2.5GHz)
	Link budget parameter name
	Link budget parameter value

	Rx antenna gain
	[-3] [dBi]



5.3 Consideration on TRP antenna gain of vehicle mounted UE
These antenna gain values are determined by passive antenna measurements and, as reported, the provided gain values consist of the antenna gain and include cable losses. 
Passive antenna measurements are commonly accepted methodologies to characterise distributed communication systems like e.g. in maritime / vehicular environments, broadcast or base stations. 
One advantage is that each single component of a communication system (e.g. antenna, cables, transmitters) can be characterised independently from the other as long they are within the 50 ohms system to avoid mismatch losses.
The following brief description illustrates the relevant differences of antenna characterizations in the vehicular industry and mobile handheld industry.

Passive antenna measurements
Vehicular mounted antennas are typically measured in a passive measurement setup. So called „passive measurements“ deliver these values. The power of an external supply is delivered to the antenna and the radiated power at different angles around the vehicle is measured.
Due to the nature of vehicles driving on roads only the radiation in the upper hemisphere is of main interest.
For vehicle mounted antennas the orientation relative to ground remains constant. Therefore the relevant range of the radiation direction for mobile communication is 0°-30°from ground.
Note: Some Antenna measurement / simulation systems measure from the perpendicular axis to ground. With this definition the relevant communication range is theta=60°-90°.
Vehicles always move over grounds. These grounds reflect more or less the incoming electromagnetic waves. This situation is accounted for in the measurement setups where the car is typically sitting on a large metal plate. Since the reflected waves are also measured by the measurement setup, especially for theta < 60°, and are account like power being radiated by the vehicular antenna this kind of measurement setups are not suited to derive antenna efficiency values. 
Antenna efficiency values derived from such measurement setups are not taken as an antenna performance metric.

Active antenna measurements
Among other values this measurement type delivers TRP values. The transmitter of the UE is active and the total radiated power is averaged over the complete sphere. Only a complete communication system (e.g. final antenna, transmitter, cables) can deliver meaningful TRP values.
Considering the complete sphere is vital since the orientation of mobile phones against the base stations depends on individual usage.
Since TRP gives is just a scalar number it can be easily compared to the power at the input of the antenna. This defines the antenna efficiency as an easy antenna performance metric.
Observation: TRP measurements are not useful for the vehicle implementation and are therefortherefore are not performed. 

Elevation range of 0°-30°
Vehicle OEMs would like to elaborate on why the elevation range of 0°-30° (measured from ground to sky, equal to theta=60-90° of measurement / simulation systems) is relevant for vehicular mobile communication. 
Vehicles always move over grounds which limits the orientation of the vehicular antenna towards the base station to the movements in the horizontal plane. The figure below illustrates the most significant difference of the antenna usage for several MBB service. Typical distances between vehicles and base station and typical mounting heights of base station antennas result in a dominant utilisation of this elevation range for mobile communication. For this reasons the vehicle OEMs  consider the antenna gain values of this range to be used in the 3GPP RAN4 link budget calculation.  
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Figure 1: Relevant elevation ranges for handheld and vehicle mounted antennas.

Example for the antenna radiation pattern over the whole elevation range
Figure 2 illustrates the radiation pattern characteristics over the whole elevation range. 
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Figure 2: Antenna pattern exapmle for radiation characteristics elevation.
This implementation example of a monopole like antenna implementation indicates the antenna performance above an elevation angle of 30°. According to this example, the following conclusion can be drawn:
· The radiation characteristics between 30° and 60° is comparable to the values between 0° and 30°.
· Although an elevation angel of 60°-90° is almost not used for a connection to a mobile network the antenna performance is still satisfying. 

If for special topography factors (e.g. hilly surroundings) larger elevation angles are to be considered, then this can result in slightly different antenna gain values compared to an elevation range of 0-30°. This is illustrated in the measurement results in Table 1 and Figure 3. 
Table 1: Average antenna gain values for elevation ranges 60°-90° and 50°-90°.
	Elevation range [°]
	60-90
	50-90

	Antenna gain [dB]
	2.65
	2.47 
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Figure 3: Comparison of the antenna gain and radiation characteristic averaged over elevation ranges 60°-90° (left hand side) an 50°-90° (right hand side)

From the figure below it can be seen that elevation (Note: ground plane reference) angles 
· below 45° are in the range of a distance equal to the BS antenna height and
· below 30° are in the range of a distance equal to 2 times BS antenna height  
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Figure 34: Relation between the elevation and the distance-height ratio (distance referrers to the horizontal distance between BS antenna and vehicle antenna and height referrers to the height of the BS antennas)
Assuming that the cell radius is much larger than the base station antenna height (1:10), cell area, where elevation of above 80° is required, is much smaller than 1% of the whole cell area.
Observation: The relevant elevation range for a vehicle mounted antenna implementation is between 0° and 30°.

Architectural aspects on the overall antenna gain
Mounting positions of the TCU (telematics control unit) inside the vehicle’s interior typically require RF cables and connectors to connect to the antennas mounted at the outer shell.  The commonly used FAKRA connectors are automotive graded RF components with a typical loss of below 0.2dB (https://www.amphenolrf.com/connectors/fakra.html). The losses of the antenna module’s connector are typically measured in the antenna gain measurements. Compared to the losses of the RF cables (~1dB / m) the losses of the RF connectors can be neglected. 
Antenna gain values are typically given as realized gain values which means that mismatch losses of the measurement setup are excluded from the measurement results and don’t need to be considered in the link budget analysis.


****************** End of the TP in Sub-clause 6.x of TR38.826 ************************
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