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1. Introduction
During RAN1#92 meeting, discussions and progress were made on channel modelling for NR-eV2X evaluation. Some of the agreement reached and FFS items relating to UE antenna heights and vehicle blocking are captured in [1] and listed in the following.
Agreements:

· For below 6 GHz, the following parameters in TR 38.802 for “antenna model” are confirmed. 

	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS antenna height
	Macro BS: 25m 

BS-type-RSU: 5m
	Macro BS: 

35m for ISD 1732m

25m for ISD 500m

BS-type-RSU: 5m

	BS antenna element gain + connector loss
	Macro BS: 8dBi
BS-type-RSU: 8dBi 
	Macro BS: 8dBi
BS-type-RSU: 8dBi

	BS antenna configurations
	Number of BS antenna elements across all panels:

· Macro BS: Up to 256 TX/RX antenna elements

· BS-type-RSU: Up to 8 TX/RX antenna elements

BS antenna element gain pattern:

· Macro BS: Follow the modelling of [7]

· BS-type RSU: Follow the modelling of micro BS in [7]


	Number of BS antenna elements across all panels:

· Macro BS: Up to 256 TX/RX antenna elements

· BS-type-RSU: Up to 8 TX/RX antenna elements

BS antenna element gain pattern

· Macro BS: Follow the modelling of [7]

· BS-type RSU: Follow the modelling of micro BS in [7]



	UE antenna height
	Vehicle/pedestrian UE: FFS

UE-type-RSU: 5 m
	Vehicle/pedestrian UE: FFS

UE-type-RSU: 5 m

	UE antenna gain
	Vehicle UE: FFS

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi
	Vehicle UE: FFS

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi


Note #1: Macro-BS parameters may also be used for BS-type RSU

Note #2: The values for UE antenna may be revised after discussions on antenna placement, etc., if any.

Agreements:
· The following is used to reflect the effect of blockage in the parameters in the channel, if the channel between a Tx/Rx pair is turned out to be blocked. 
· By adding an additional loss to the pathloss equation that would be used if the Tx/Rx pair is not blocked by other vehicle(s).

· FFS details (e.g., how to determine value of additional loss, whether the additional loss is a function of the number and size of blocking vehicles)

In this contribution, we provide our views on the remaining open issues / FFS items listed in the above agreements.
2. Discussion
2.1 Modelling of heterogeneous vehicle antenna heights
For LTE-V2X In Rel-14 and currently Rel-15, channel blocking model was used mainly to reflect the effect of blocking of signals due to man-made structures such as buildings in the urban grid (e.g. for cars around street corners). Pathloss due to propagation distance and penetration of building would be the main causes of loss of signal strength in sub-6GHz frequency range. For more advanced V2X use cases that need to be supported in NR and operated in high frequency bands (e.g. mmW bands in 30GHz and 63GHz range) with higher reliability requirements, it becomes more critical to model other channel blocking effects such as type/size and number of blocking vehicles on the road as closely as possible to the real world / practical operating environment. From different type/size of vehicles that we typically see on the road (e.g. passenger cars, SUVs, buses, and trucks), the placement of antennas for V2X communication could be different and thus their effective antenna heights would be different.
To elevate concerns from some companies on the amount of additional effects to model different types/sizes of vehicle and simulation runtime, we see at least two ranges of antenna heights could be adopted as a representative set. One antenna height range could be {1.5 to 1.8 meters} for representing cars and SUVs, and another antenna height range could be {2.9 to 4.2 meters} for representing buses and trucks.
Proposal 1:
	 
	Vehicle category 1 (cars, SUVs)
	Vehicle category 2 (buses and trucks)

	Antenna height range
	1.5~1.8m
	2.9~4.2m

	Percentage in urban
	85%
	15%

	Percentage on highway
	75%
	25%


· Blocking loss between two UEs:
· Between vehicle Cat. 1 and Cat. 1, depending on number of vehicle Cat. 2 in between (i.e. blocking loss value * number of Cat. 2 vehicles in between)
· Between vehicle Cat. 1 and Cat. 2, depending on number of vehicle Cat. 2 in between + self-blocking (i.e. blocking loss value * (1+number of Cat. 2 vehicles in between))
· Between vehicle Cat. 2 and Cat. 2, no vehicle blocking loss is added
2.2 Modelling of vehicle blocking

During RAN1#92 meeting, it was agreed that an additional loss would be added to the pathloss equation if the channel between a Tx/Rx pair is turned out to be blocked. However, how to make decision on whether the channel between a Tx/Rx pair is blocked by another vehicle(s) has not been decided. In the following, two modelling options have been considered and discussed in the past.
· Option 1: Deterministic mechanism, e.g. it is assumed that a Tx/Rx pair is blocked if other vehicle(s) is(are) located between the pair similarly to the blockage model B in TR38.901.

· Option 2: Stochastic mechanism, e.g. it is assumed that a Tx/Rx pair is blocked according to a probability similarly to the blockage model A.

It follows Rel-14 principle that based on UE distribution, the location of UE dropping will determine the blocking. Therefore, Option 1 (deterministic mechanism) should be used in most cases. Especially in the use case of vehicle platooning, the vehicles at both ends are always blocked by the vehicles in the middle.
Proposal 2: In vehicle blockage modelling, deterministic mechanism (option 1) should be used. Especially in the use case of vehicle platooning, the vehicles at both ends are always blocked by the vehicles in the middle.
2.3 Vehicle blocking loss value

In terms of finding signal penetration loss due to vehicle blocking, we carried out an initial literature survey. According to [2], their key findings on in-vehicle RSRP measurements across mobile frequencies of 800 MHz, 900 MHz, 1800 MHz, 2100 MHz and 2600 MHz were:
· There was no clear dependency found between signal attenuation and the measured frequency.
· Across all vehicles types (mainly cars and SUVs) and frequencies, the weighted attenuation for various percentages of measurements seen is presented in Table 1.
Table 1: Weighted attenuation for various percentages of measurements [2].
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· According to [3], measurements of vehicle penetration loss (VPL) of a minivan at 600, 900, 1800, and 2400 MHz were performed and their reported VPL varies from 7.5 to 23.8 dB in Table B for both vertically and horizontally orientated antennas, which seems to be roughly inline with the results presented in [2].
Table 2: Measured VPL at 600, 900, 1800, and 2400 MHz for vertical and horizonal in-vehicle antenna orientation.

	Frequency (MHz)
	Vertical Rx
VPL [dB]
	Horizontal Rx
VPL [dB]

	600
	16.8
	23.75

	900
	7.54
	16.03

	1800
	9.48
	11.99

	2400
	13.79
	19.86


Observations:
· Based on the above, we observed signal attenuation due to vehicle penetration loss does not seem to be dependent on the measured frequency, or at least in low frequency band range of up to 2.6GHz. The reported VPL varies between 7.5dB to 23.5dB, with attenuation of -18.5dB at the 95%-tile.
· For higher frequency range of up to 63GHz, it is not yet clear if the same trend of signal strength attenuation also applies or whether it will suffer from higher attenuation loss.
3. Conclusion

In this contribution, we discussed about the remaining open items relating to channel modelling of NR-eV2X. Specifically, issues relating to:
· UE antenna heights
· Modelling of vehicle blocking
· Vehicle blocking value
In summary, we provided the following proposals:

Proposal 1 (V-UE antenna heights):
	 
	Vehicle category 1 (cars, SUVs)
	Vehicle category 2 (buses and trucks)

	Antenna height range
	1.5~1.8m
	2.9~4.2m

	Percentage in urban
	85%
	15%

	Percentage on highway
	75%
	25%


· Blocking loss between two UEs:
· Between vehicle Cat. 1 and Cat. 1, depending on number of vehicle Cat. 2 in between (i.e. blocking loss value * number of Cat. 2 vehicles in between)
· Between vehicle Cat. 1 and Cat. 2, depending on number of vehicle Cat. 2 in between + self-blocking (i.e. blocking loss value * (1+number of Cat. 2 vehicles in between))
· Between vehicle Cat. 2 and Cat. 2, no vehicle blocking loss is added
Proposal 2 (modelling of vehicle blocking): In vehicle blockage modelling, deterministic mechanism (option 1) should be used. Especially in the use case of vehicle platooning, the vehicles at both ends are always blocked by the vehicles in the middle.
Observations (vehicle blocking value):
· It is observed signal attenuation due to vehicle penetration loss does not seem to be dependent on the measured frequency, or at least in low frequency band range of up to 2.6GHz. The reported VPL varies between 7.5dB to 23.5dB, with attenuation of -18.5dB at the 95%-tile.
· For higher frequency range of up to 63GHz, it is not yet clear if the same trend of signal strength attenuation also applies or whether it will suffer from higher attenuation loss.
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