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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN plenary meeting in West Palm Beach, the Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1]. One of the objectives of the SI is to investigate “Sidelink channel model for spectrum above 6 GHz.” 
In RAN1 #92, the following agreement was reached for the antenna model [2]:
· “For both below and above 6 GHz, an option for “collocated antenna case” is supported. Note that this can be revised based on input from other organizations.”
In addition to above, in this contribution we argue that, for some advanced use cases, the distributed antenna case needs to be considered as well. The key reasons for this are as follows:
· Significantly different channels experienced when antennas are mounted on different locations on the vehicle
· To investigate the reliability gains due to fully decorrelated channels, which can also experience different shadow fading 
· To investigate application-specific antenna placements (e.g., bumper-mounted antennas) that can be used for use cases such as platooning.
[bookmark: _Ref129681832]V2V channel measurements – results for different antenna placement
Five channel measurement campaigns (indicated as C1-C5) related to vehicle blockage and one (indicated as C6) related to building blockage have been carried out in the campus of the Technische Universität Ilmenau, Germany, at carrier frequencies of 6.75, 30 and 60 GHz. A dual-polarized ultra-wideband multi-channel sounder was used, which offers after back to back calibration a null-to-null bandwidth of 5.1 GHz. The spatial characterization of the environment has been done by automatically rotating dual-polarized horn antennas with 30° HPBW in 30° steps, covering the whole azimuth range at transmitter (Tx) and receiver (Rx). On the other hand, a single elevation of 0° was measured at both sides. The scenario was a “T” intersection in an urban environment with parked cars, multi-story buildings, and lampposts as shown in Figure 1. 
Two parked cars were present during the measurements to increase the scattering effects. A third car, denominated blocking vehicle, was located in 15 different positions (Position 1-15 as indicated in Figure 1.) emulating an overtaking situation. 
The antennas were located at two possible heights, emulating two possible antenna locations at cars: 1) Rooftop level antennas (1.55m for the 30 GHz and 60 GHz bands, and 1.66m for the 6.75 GHz band); 2) Bumper level antennas (0.75m for the 30 GHz and 60 GHz bands, and 0.86m for the 6.75 GHz band). We focus on two following configurations: C1 – Rooftop antennas and small blocker; and C3 – Bumper antennas and small blocker. Further details on the measurements are available in [3].

[bookmark: _Ref505077076]Figure 1. Measurement scenario and set up of C1 and C3 in the campus of TU Ilmenau. Note that the only difference between C1 and C3 is the location of the antenna (C1 – antenna at roof height; C3 – antenna at bumper height).
Comparison of vehicle blockage loss for different antenna positions
The received power for the different positions and measured bands with the synthetic omni-directional antenna of scenarios C1 and C3 are shown in Figure 2 and Figure 3. The received power is normalized to the LOS position, i.e., without the blocking vehicle but with the two parked cars. First, it can be observed that with rooftop antennas, in general, the higher the frequency, the higher the blockage loss. However, interestingly, with bumper antennas, a reverse trend is observed, i.e. 60 GHz has the lowest blockage loss. This may be explained by the ground reflection at 60 GHz that may well propagate below the blocking vehicle, when bumper antennas are used. When the blocking vehicle is in the middle of the Tx and Rx, the lowest blockage loss can be observed for all frequencies. Furthermore, at this specific position, 30 GHz and 60 GHz have lower blockage loss than 6.75 GHz. Especially with bumper antennas, 60 GHz has even no blockage loss at this position. Finally, the highest blockage losses at all frequencies are observed at positions where the blocking vehicle is closest either to the Tx or the Rx.


[bookmark: _Ref501555932]Figure 2. Received power in the different Positions in scenario C1, at 6.75, 30 and 60 GHz.


[bookmark: _Ref501556044]Figure 3. Received power in the different Positions in scenario C3, at 6.75, 30 and 60 GHz.
Table 1, Table 2 and Table 3 summarize the maximum-, minimum- and the mean blockage loss of different frequencies, blocking vehicle sizes and different antenna positions, respectively. Again, considerably different patterns can be observed for rooftop and bumper antennas: i) for rooftop antenna, maximum blockage loss increases with frequency; for bumper antenna, maximum blockage loss decreases with frequency; ii) for rooftop antenna, minimum blockage loss is more or less constant, whereas for bumper antenna, minimum loss decreases considerably with frequency; iii) for rooftop antenna, mean blockage loss increases, whereas for bumper antenna mean blockage loss reduces with frequency.

Observation 1: Even when the scenario is exactly the same, antennas mounted at different locations on the vehicle exhibit considerably different blockage loss. 

[bookmark: _Ref505610348]Table 1. Maximum blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	7.69
	9.56
	10.72

	C3: Bumper; Small blocker
	15.78
	15.64
	15.20



[bookmark: _Ref505610376]Table 2. Minimum blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	4.34
	4.09
	3.59

	C3: Bumper; Small blocker
	10.28
	5.94
	-0.62



[bookmark: _Ref505610383]Table 3. Mean blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	5.40
	6.29
	8.25

	C3: Bumper; Small blocker
	12.04
	9.90
	7.12


Comparison of fast fading results for different antenna positions
For each measurement campaign, the following fast fading parameters are calculated at each frequency: DS, K-factor, ASA and ASD.
The results of the campaigns C1 and C3 are divided into LOS case and non-LOS due to vehicle blockage (NLOSv) case and summarized in the tables below.
Across parameters and LOS and NLOSv cases, the fast fading parameters differ between roof (C1) and bumper (C3) antenna locations. Delay spread is reduced in LOS channels for bumper location. On the other side, K-factor increases considerably in case of bumper location. The least difference, although still noticeable, can be observed in case of ASA/ASD results.
Comparing the overall results in Table 1-Table 5, the fading environment experienced by bumper antenna is distinct. In terms of blockage loss, the bumper antenna experiences more challenging environment with higher variation of blockage loss. In terms of fast fading, the results indicate the bumper antenna could experience specific properties (e.g., more efficient beamforming in high frequencies due to stronger ground reflection path).

[bookmark: _Ref509302186]Table 4 Fast fading results for rooftop antenna (C1)
	 
	C1 Campaign
	DS [ns]
	 
	 
	K-factor [dB]
	 
	 
	ASA [deg]
	 
	 
	ASD [deg]
	 
	 

	 
	 
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz

	Avg
	LOS
	18.95
	17.52
	15.84
	2.74
	3.36
	3.90
	27.63
	26.14
	17.32
	26.91
	24.11
	15.08

	
	NLOSv
	33.35
	35.86
	32.50
	-0.51
	0.57
	0.09
	37.33
	39.50
	34.77
	32.20
	34.06
	30.12

	 Std
	LOS
	1.92
	2.02
	5.71
	0.52
	0.47
	1.27
	0.81
	0.49
	0.48
	2.81
	1.05
	0.31

	
	NLOSv
	2.53
	5.68
	5.93
	1.51
	1.48
	2.68
	2.64
	4.19
	9.06
	4.21
	4.31
	5.21




[bookmark: _Ref509302188]Table 5 Fast fading results for bumper antenna (C3)
	 
	C3 Campaign
	DS [ns]
	 
	 
	K-factor [dB]
	 
	 
	ASA [deg]
	 
	 
	ASD [deg]
	 
	 

	 
	 
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz
	6.75GHz 
	30GHz 
	60GHz

	Avg
	LOS
	9.33
	11.87
	17.58
	5.80
	6.49
	5.11
	24.53
	24.05
	20.69
	24.27
	22.41
	18.05

	 
	NLOSv
	34.28
	30.53
	27.03
	-1.55
	0.68
	0.23
	47.66
	35.76
	27.03
	28.43
	30.80
	27.77

	Std
	LOS
	1.24
	1.69
	4.54
	0.17
	0.25
	0.69
	2.35
	1.96
	5.37
	0.23
	0.72
	2.28

	 
	NLOSv
	8.18
	8.58
	12.02
	2.61
	3.90
	4.51
	10.26
	6.88
	11.59
	8.49
	3.39
	10.69




Observation 2: Fast fading results are considerably different in case antennas are mounted at different locations on the vehicle. 
Conclusions
In this contribution we provide our views regarding the channel models and distributed antenna panels to support various advanced V2X services. Based on the discussion the following observations and proposal are made:
Observation 1: Even when the scenario is exactly the same, antennas mounted at different locations on the vehicle exhibit considerably different blockage loss. 
Observation 2: Fast fading results are considerably different in case antennas are mounted at different locations on the vehicle. 

Proposal 1: For both below and above 6 GHz, support an option for “multiple antenna location case”. 
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