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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN4#88 meeting, RAN4 discussed and defined the evaluation scenarios and the link-budget parameters to be used for the evaluation of the coverage in TR 38.826. In [1] it was agreed that the parameters of the vehicular mounted antennas are fundamental for this evaluation. 
According to [1] antenna implementations supporting band n7 will be used as an indication of the performance in band n77 and n78.
[bookmark: _GoBack]Based on this assumption, the 5G Automotive Association (5GAA) provided data of typical implementations of vehicular mounted antennas in LS [2]. This information should be used to define the parameter values for the baseline antenna gain. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
The cellular communication has a significant role for the current and future service portfolio in the vehicle business. The service portfolio is divided in vehicle centric services (i.e. vehicle status monitoring) and passenger centric services (i.e. multimedia). 5G will enable new types of services (high density maps downloads) or further improve existing services, (software updates, sensor sharing). 
Observation 1. Services for passengers and vehicle manufacturers benefit from the 5G NR communication technology.
   The vehicle manufacturers are aware of the relation between the service and communication system requirements. However, the vehicle specific limitations in the implementation of communication systems force the vehicle manufacturers to achieve reasonable complexity of the vehicle design. On the other hand, the implementation of the communication system in vehicles offers advantages compared to the mobile phone design. Both aspects, the implementation and benefits (antenna gain and directivity) of the antenna implementation, were presented and described in [3] and [4]. Further, vehicle manufacturers in the 5G Automotive Association intensively discussed this issue with telecom partners (MNOs, network equipment vendors and communication chip vendors). After a review of some of the typical antenna implementations of several vehicle manufacturers 5GAA WG2 send the results of this discussion in the LS [2] to RAN4:
Table 1: Appendix of the 5GAA LS to RAN 4 on the baseline antenna gains [2]
	Baseline Antenna Gain Values: OEM A: The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna. OEM A has chosen a concept which allows to eliminate the cable loss completely in nearly all cars. 
· The average gain of the 2x2 MIMO antenna is about -1 dBi at 2.6 GHz. 
· The average loss of a coax cable is about 1 dB/m.
· This is an example for better performance than baseline antenna values including cable loss, mentioned in section 1 of this document. 
Baseline Antenna Gain Values: OEM B: The following antenna gain (dBi) values are expected minimum in the frequency ranges until 3.8GHz:
· 2 RX scenarios:
· Antenna 1: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 1 dBi, based on a rooftop antenna implementation
· Antenna 2: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 0 dBi, based on a second radiator in  rooftop antenna implementation
· This is an example for better performance than baseline antenna values including cable loss, mentioned in section 1 of this document.
Baseline Antenna Gain Values: OEM C: The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna.
· The average gain of the 2x2MIMO antennas is about -2/-3 dBi at 2.5 GHz. 
· The average loss of a coax cable is about 1 dB/m  at 2.5 GHz
· Window antenna:
· Antenna Gain: -2 dBi / Cable length: 2 m  / Overall gain: -4 dBi
This is an example for performance which is closer to baseline antenna values including cable loss, mentioned in section 1 of this document. 



These results show the baseline antenna gain values for the typical implementations to provide good and sufficient service experiences. It is important to emphasis that this values are based on semi-omni directive antenna radiation pattern (as shown in Table 2). 
Table 2: Directivity of the typical antenna implementation in vehicles.
	[image: cid:image004.png@01D45196.613DC790]
	[image: ]
	[image: cid:image001.png@01D45195.F905F080]

	OEM A 
(Green curve: radiation pattern  of vehicle, Red curve: radiation pattern  of an example HH, example @ 1.8GHz)
	OEM B
(Green curve/blue curve/ red curve: radiation pattern of vehicle (V/H/Sum), example @ 2.5GHz)
	OEM C
(Green curve/blue curve/ red curve: radiation pattern of vehicle (V/H/Sum), example @ 2.5GHz, Elevation =70°..90°, azimuth =0..360°)





Observation 2. 5GAA provided consolidated baseline values for antenna gains for typical implementation.
In the discussion in RAN#88 the agreed target for the evaluation of the coverage was to limit the number of evaluation scenarios and cases. Due to this constrain, one baseline value for the 2Rx antenna gain should be selected for the TR.
Proposal 1. For the purpose of coverage evaluation a baseline antenna gain including antenna cable loss of vehicle mounted UE with 2 RX antennas: - 3 dBi to – 4 dBi shall be assumed.
For clarification, the following overview of active and passive measurement procedures indicates the difference between the measurements for both types of devices.
Active antenna measurements: 
· Here the transceiver of the HH establishes a wireless link against an RCT (radio communication tester (=BS simulator)). The RCT measures the power received by antennas of the test setup.  The test setup has been calibrated that way, that the losses in power caused by the distance between the sending and receiving antenna are known and that the measured results exclude these losses. 
· One procedure is to rotate the DUT on a turn table in discrete steps, the receiving antenna is moved around the DUT in discrete steps. Both movements together give measurements results at different radiation directions. Results are usually accumulated and averaged of several directions -> E.G. This gives the angle dependent gain values.
· Subtracting the conducted power (RCT directly connected to the HH, without any antenna) of the radiated power gives the antenna efficiency.
· HH are usually measured this way

Passive antenna measurements: 
· Here power is fed to the antenna by measurement cables. The power at a receiving antenna is measured e.g. by a power meter. The test setup has been calibrated that way, that the losses of the measurement cables as well of the losses in power caused by the distance between the sending and receiving antenna are known and that the measured results exclude these losses. 
· The DUT is rotated on a turn table in discrete steps, the receiving antenna is moved around the DUT in discrete steps. Both movements together give measurements results at different radiation directions. Results are usually accumulated and averaged of several directions -> E.G. This gives the angle dependent gain values.
· Vehicles are usually measured this way, HH usually only during development but not for any certification purposes.

Conclusion
In this paper, we summarise the status and propose to use the following antenna gain values for the link budget calculation to evaluate the coverage performance in the TR. 
Proposal 1. For the purpose of coverage evaluation a baseline antenna gain including antenna cable loss of vehicle mounted UE with 2 RX antennas: - 3 dBi to – 4 dBi shall be assumed.
Proposal 1. Baseline antenna gain including antenna cable loss of vehicle mounted UE with 2 RX antennas: - 3 dBi to – 4 dBi.

****************** Start of the TP in Sub-clause 5 of TR38.826 ************************

[bookmark: _Toc443593767][bookmark: _Toc460338145][bookmark: _Toc492043898][bookmark: _Toc524093739]5	General aspects for NR vehicle mounted UE at FR1
This section contains relevant aspects for the link budget evaluation. 
5.X Antenna implementation for 2 Rx vehicle mounted UE
The following implementation examples are a selection of typical antenna implementation incl. cable loss. 

5.X.1 Typical Baseline Rx Antenna Gain in the Market 
The sub-section illustrates selection of antenna gain values of prominent vehicle manufacturers. 
5.X.1.1 Baseline Antenna Gain Values: OEM A
The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna. OEM A has chosen a concept which allows to eliminate the cable loss completely in nearly all cars. 
· The average gain of the 2x2 MIMO antenna is about -1 dBi at 2.6 GHz. 
· The average loss of a coax cable is about 1 dB/m.
· This is an example for better performance than baseline antenna values including cable loss. 
5.X.1.2 Baseline Antenna Gain Values: OEM B 
The following antenna gain (dBi) values are expected minimum in the frequency ranges until 3.8GHz:
· 2 RX scenarios:
· Antenna 1: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 1 dBi, based on a rooftop antenna implementation
· Antenna 2: Average Antenna gain (theta=60°-90°, phi=0° to 359°, Car implementation on PEC) including cable loss: 0 dBi, based on a second radiator in  rooftop antenna implementation
· This is an example for better performance than baseline antenna values including cable loss.
5.X.1.3 Baseline Antenna Gain Values: OEM C
The cable loss depends on the chosen package and mounting concept of the telematics unit and the antenna.
· The average gain of the 2x2MIMO antennas is about -2/-3 dBi at 2.5 GHz. 
· The average loss of a coax cable is about 1 dB/m  at 2.5 GHz
· Window antenna:
· Antenna Gain: -2 dBi / Cable length: 2 m  / Overall gain: -4 dBi
This is an example for performance which is closer to baseline antenna values including cable loss.

5.X.4 Antenna measurement procedures
For clarification, the following overview of active and passive measurement procedures indicates the difference between the measurements for both types of devices.
Active antenna measurements: 
· Here the transceiver of the HH establishes a wireless link against an RCT (radio communication tester (=BS simulator)). The RCT measures the power received by antennas of the test setup.  The test setup has been calibrated that way, that the losses in power caused by the distance between the sending and receiving antenna are known and that the measured results exclude these losses. 
· One procedure is to rotate the DUT on a turn table in discrete steps, the receiving antenna is moved around the DUT in discrete steps. Both movements together give measurements results at different radiation directions. Results are usually accumulated and averaged of several directions -> E.G. This gives the angle dependent gain values.
· Subtracting the conducted power (RCT directly connected to the HH, without any antenna) of the radiated power gives the antenna efficiency.
· HH are usually measured this way

Passive antenna measurements: 
· Here power is fed to the antenna by measurement cables. The power at a receiving antenna is measured e.g. by a power meter. The test setup has been calibrated that way, that the losses of the measurement cables as well of the losses in power caused by the distance between the sending and receiving antenna are known and that the measured results exclude these losses. 
· The DUT is rotated on a turn table in discrete steps, the receiving antenna is moved around the DUT in discrete steps. Both movements together give measurements results at different radiation directions. Results are usually accumulated and averaged of several directions -> E.G. This gives the angle dependent gain values.
· Vehicles are usually measured this way, HH usually only during development but not for any certification purposes.

5.X.2 Baseline Rx antenna gain 
Table 3 defines the baseline Rx antenna gain for the link budget calculation.
Table 3: Reference baseline Rx antenna gain.
	Link budget parameter name
	Link budget parameter value

	Rx antenna gain
	-4-3 [dBi]



****************** End of the TP in Sub-clause 5 of TR38.826 ************************
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