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In 3GPP TR 38.913 (v0.4.0) [1] and TR 38.802 (v0.1.0), the agreements on deployment scenarios as well as the related attributes and simulation parameters are made for NR eV2X. In particular, the agreements on carrier frequencies, system bandwidth, numbers of UE antenna elements, and channel models are listed below.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs 
1) For BS to RSU: Below 6 GHz (around 6 GHz) 
2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs 
1) For BS to RSU: Below 6 GHz (around 6 GHz) 
2) RSU to vehicles or among vehicles: below 6 GHz

	Aggregated system bandwidth
	Up to 200 MHz (DL+UL)
Up to 100 MHz (SL)
	Up to 200 MHz (DL+UL)
Up to 100 MHz (SL)

	Number of UE antenna elements
	RSU Tx: Up to 8 Tx
RSU Rx: Up to 8 Rx
Vehicle Tx: Up to 8 Tx
Vehicle Rx: Up to 8 Rx
Pedestrian/bicycle Tx: Up to 8 Tx
Pedestrian/bicycle Rx: Up to 8 Rx
	RSU Tx: Up to 8 Tx
RSU Rx: Up to 8 Rx
Vehicle Tx: Up to 8 Tx
Vehicle Rx: Up to 8 Rx

	Channel model
	Macro to/from vehicle/pedestrian UE : 3D UMa 
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885
	Macro to/from vehicle/pedestrian UE: 
3D UMa for 500m ISD 
3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885



Moreover, as agreed in 3GPP TR 22.886 [3], several new eV2X use cases require very high data, e.g., to enable collective perception, 3GPP should support peak data rate of [1Gbps] for a single UE for a short period of time. Due to the limited bandwidth, this high data rate is hard to achieve within the spectrum below 6GHz. On the other hand, huge amount of spectrum is available at above 6 GHz frequencies, which can be leveraged to provide ultra high dates. Hence, it is worthwhile to also consider the deployment scenario of NR eV2X at high frequency, i.e., above 6 GHz.
However, channel characteristics and communication properties at such high frequency differ very much from the corresponding attributes at frequencies below 6GHz. In this paper, we will discuss a promising spectrum allocation, i.e, 1GHz bandwidth at 63 GHz, and some simulation scenarios including antenna deployment and channel model when operating V2X at these frequencies.
1GHz spectrum at 63 GHz
The European Commission has allocated 1GHz of spectrum at 63GHz, i.e., 63GHz-64GHz, for ITS applications [4]. Also, it is specified in [4] that the maximum total Tx power limitation at these frequencies is 40 dBm e.i.r.p.. We think this spectrum is a promising candidate for NR eV2X.
Proposal 1: 
· Add 63GHz carrier frequency with 1GHz bandwidth (63-64 GHz) for UE-UE and UE-RSU, on condition of satisfying the maximum total Tx power limitation, i.e., 40 dBm e.i.r.p..

Discussions on simulation scenarios at 63GHz
The appealing 1GHz bandwidth (63-64 GHz) brings both opportunites and challenges to NR eV2X design. Moreover, the new carrier frequency requires to revisit the deployment scenarios and simulation parameters as well. Now we will discuss two important aspects in this regard.
Antenna deployment
Currently, at below 6GHz, the number of antenna elements is up to 8 at a vehicle UE and a UE-type RSU.  In principle, when move to higher frequencies, the smaller wavelengths allow implementation of a larger number of antenna elements in radio chips. For instance, it has been agreed in 3GPP TR 38.913 (v0.4.0) [1] that, for an indoor hotspot scenario, the number of UE antenna elements is up to 32 around 70 GHz. Therefore, for a vehicle UE or a UE-type RSU that has large physical size, we think the maximum number of antenna elements should be at least 32. Moreover, we have discussed in our company contribution [5] the distributions of antenna elements on a vehicle UE and on a UE-type RSU. As proposed in [5], there can be multiple antenna arrays at a UE.
Proposal 2: 
· For 63GHz carrier frequency, consider 32 antenna elements at a vehicle UE and a UE-type RSU.
· FFS whether 32 antenna elements are used for each antenna array or whether they are distributed over all the antenna arrays.

Channel model
At 63GHz carrier frequency, channel characteristics differ a lot compared to the frequencies below 6GHz, as listed below.
a) High path loss, which comes from the Friis free space path loss formula.
b) Severe effects of blockage, which is due to the poor diffraction capability and high penetration loss at high carrier frequency.
c) Non-negligible weather and atmospheric effects such as oxygen absorption.
d) Incresed Doppler shift effects as carrier frequency increases.
e) Possibly reduced delay spread by directional transmissions.

Therefore, the UE-UE and UE-RSU channel models agreed in 3GPP TR 36.885 [6] for frequencies below 6GHz should be modified before applied to 63GHz. More discussions regarding channel model for NR eV2X are detailed in our companion contribution [7].
Proposal 3: 
· New UE-UE and UE-RSU channel models are defined for operation at 63GHz.

Conclusions 
In this paper, we introduce a promising spectrum allocation, i.e, 1GHz bandwidth at 63 GHz for NR eV2X applications. Moreover, we discuss two simulation scenarios including antenna deployment and channel model that need to be re-considered when operating V2X at this carrier frequency.
Proposal 1: 
· Add 63GHz carrier frequency with 1GHz bandwidth (63-64 GHz) for UE-UE and UE-RSU, on condition of satisfying the maximum total Tx power limitation, i.e., 40 dBm e.i.r.p..
Proposal 2: 
· For 63GHz carrier frequency, consider 32 antenna elements at a vehicle UE and a UE-type RSU.
· FFS whether 32 antenna elements are used for each antenna array or whether they are distributed over all the antenna arrays.
[bookmark: _GoBack]Proposal 3: 
· UE-UE and UE-RSU channel models need modifications when operating at 63GHz.
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