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1	Introduction
After RAN1#92bis, the following issues related to channel models and antenna patterns for the evaluation of NR V2X remained open for further study:
Remaining issues on channel models:
· Pathloss equation for NLOS state
· Determination of the NLOSv state between two vehicles and the random variable added to the pathloss equation when a link is in the NLOSv state
· The procedure to update the link state (LOS, NLOS, NLOSv) of each link during the SLS runtime and how to model the smooth transition between different states
· Pathloss model for B2V, B2P, B2R in LOS state, above 6GHz
· Fading parameters for sidelink, both in urban and freeway scenarios
· Details of the additional random Doppler shift to reflect dual mobility
Remaining issues on antenna models
· Antenna height for P-UEs
· Antenna gain of vehicle UE at below 6GHz
· Details of gNB antenna element pattern and array configuration for different scenarios
· Antenna element pattern and array configuration for vehicle UE
· Antenna element pattern and array configuration for UE-type RSU

In this contribution we address the open issues listed above.
[bookmark: _Ref178064866]2	Remaining issues on channel models
2.1		Determination of the NLOSv state between two vehicles and the random variable added to the pathloss equation when a link is in the NLOSv state
To determine whether a link between two vehicles are blocked by vehicles, the following two options remained to be down selected:
	A link between two vehicles is considered blocked by vehicles (i.e., in NLOSv state)
· Option 1: if a line connecting the antennas of the two vehicles in the same street intersects any vehicle (including either of the two vehicles) in the 3-dimensional space.
· Option 2: with a probability
· Distribution is FFS. Note that vehicle width and height will not affect this option once the probability is defined.



In our view Option 1 (the deterministic approach) is more accurate since it is based on the geometry of the vehicles’ position in the simulated scenario and it reflects actual channel state changes due to the vehicles’ movement during the simulation time. However, Option 1 requires a lot of computations and therefore hinders an efficient implementation in SLS. Option 2 (the probabilistic approach), on the other hand, has the advantage in terms of implementation complexity and yields accurate results if the probability is well characterized.
Observation 1 [bookmark: _Toc513836829]Option 2 with a distribution validated by measurement data is preferred for determining the NLOSv state for a link in the SLS.
As for the distribution of the random variable to be added to the pathloss equation when the link is in NLOSv state, our view is that it must be a function of at least the distance between the transmitter and the receiver, the vehicle density (or the simulation scenario), and the carrier frequency in order to be realistic.
Observation 2 [bookmark: _Toc513836830]The random variable added to the pathloss equation when a link is in NLOSv state should be a function of at least the distance between the transmitter and the receiver, the vehicle density (or the simulation scenario), and the carrier frequency.
2.2	Modelling transition between different states
As discussed in our contribution [1], ensuring smooth transitions between different link states (i.e., LOS, NLOS, NLOSv) is very important for V2X channel models to be physical and realistic. The model to ensure smooth transitions between different states is still to be discussed.
	· FFS how to model smooth transition between different states



There are different methods of modelling such transitions. One method is based on the Blockage Model B in TR38.901, as proposed in [1]. This method does not change the pathloss equation for the link but requires determining blocked clusters based on AoAs and attenuation. Another method could be based on the soft LOS state, specified in TR 38.901 for the transition between LOS and NLOS states. Considering the current RAN1 agreement that in NLOSv a random variable is added to the pathloss equation, the latter method appears to be suitable. It also appears to be more implementation efficient.
Observation 3 [bookmark: _Toc513836831]Considering RAN1 agreement on adding a random variable to the pathloss equation when a link is in NLOSv, smooth transition between states could be implemented by extending the soft LOS state (defined in TR 38.901 for LOS-NLOS transition) to other state transitions (LOS-NLOSv, NLOS-NLOSv).
2.3 	Pathloss equation for NLOS state
After RAN1#92bis the following options are short-listed for the pathloss equation for NLOS state:
	· Option 1:
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· Option 2: NLOS pathloss equation in R1-1803671
· Other options are not precluded.


In Figure 1, Figure 2, and Figure 3, we show the path loss values for 6 GHz, 30 GHz, and 63 GHz, respectively. In additions, for 6 GHz we have included Mangel’s path loss model for intersections [2]. We have not included it for the other two frequencies because the model was derived for 5.9 GHz and, to our knowledge, it has not been validated or extended for use in other frequencies. We have used the following parameters in obtaining the curves:
· Street width is 20 m
· Equal distance between TX and intersection and RX and intersection. In other words, the x-axis corresponds to , where d1 = d2.
We observe the following:
· The gap between Option 1 and Option 2 is quite considerable. Around 60 dB at short distances and 20-30 dB at long distances (depending on the frequency).
· Option 1 matches well Mangel’s model for intersections. In contrast, Option 2 is much more pessimistic. 
[image: ]
[bookmark: _Ref513802518]Figure 1. Path loss at 6 GHz.
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[bookmark: _Ref513802520]Figure 2. Path loss at 30 GHz.
[image: ]
[bookmark: _Ref513802521]Figure 3. Path loss at 63 GHz.
Observation 4 [bookmark: _Toc513836832]There is a considerable difference between Option 1 and Option 2. The values provided by Option 1 are similar to those in Mangel’s model.
Proposal 1 [bookmark: _Toc513836820]Option 1 is used for path loss in Urban NLOS.
2.4	Pathloss model for B2V, B2P, B2R in LOS state, above 6GHz
The current agreements on the pathloss models of V2B, P2B, B2R for Freeway and Urban scenarios is summarized in Table 1.
[bookmark: _Ref513626175]Table 1. Pathloss models
	
	Below 6 GHz
	Above 6 GHz 

	
	LOS
	NLOS
	LOS
	NLOS

	B2V
B2P
B2R
	Urban:
TR 38.901 UMa LOS

Freeway: 
TR 38.901 RMa LOS
	Urban:
TR 38.901 UMa NLOS

Freeway:
N/A
	Urban:
TR 38.901 UMa LOS

Freeway: 
FFS
	Urban:
TR 38.901 UMa NLOS

Freeway:
N/A



For frequencies above 6 GHz and Freeway deployment, the pathloss models for V2B, P2B, B2R can reuse the models in TR 38.901 RMa LOS. Note that the models in TR 38.901 are valid for carrier frequencies from 0.5 to 100 GHz.
Proposal 2 [bookmark: _Toc513836821]Use the RMa LOS pathloss models in TR 38.901 for the B2V, B2P, B2R in Freeway deployment, above 6GHz.
2.5	Fading parameters for V2V, both in urban and freeway scenarios
The current agreements states as follows:
	For sidelink in the urban and highway scenarios, the fast fading parameters of “UMi-Street Canyon in TR 38.901” is the starting point and to be modified considering sidelink characteristics. FFS fading parameters in the urban and highway scenarios.


Since the fast fading parameters in UMi-Street Canyon in TR 38.901 are for the channel between a base station and a UE, they need to be modified to reflect a UE to UE channel. For this purpose, we propose using the parameters for AoD in UMi-Street Canyon in TR 38.901 for AoA and AoD of the V2V channel to better model the directional antennas at the vehicles.
Proposal 3 [bookmark: _Toc513836822]Reuse the AoD parameters in the UMi-street canyon of TR38.901 for both AoA and AoD parameters of the V2V channel in the LOS and NLOS states, respectively.
2.7	Channel models for link-level simulations
A channel model for link level simulations is needed. In Rel-14 V2X a channel model based on the CDL channel model was used, with only NLOS components. The model also had large angular spread, as discussed in our earlier contribution [1]. For NR we propose the following:
Proposal 4 [bookmark: _Toc513836823]For link-level simulations, the CDL model in TR 38.901 is used. The detailed parameters are generated based on the agreed system level assumptions.
3	Remaining issues on antenna models
3.1	Antenna height for P-UEs
In RAN1#92bis, V-UEs of different antenna heights (0.75m, 1.6m, 3m) were agreed to be used for different scenario options. However, the antenna height of P-UE was not considered. Therefore, we propose to use the same antenna height as that of LTE V2X for NR V2X. 
Proposal 5 [bookmark: _Toc513836824]Use 1.5m as antenna height for P-UEs. 
3.2	Antenna gain of vehicle UE at below 6GHz
For below 6GHz, we assume similar antennas are used for LTE V2X and NR V2X. Therefore, we propose to use the same antenna gain as that of vehicle UE in LTE V2X for NR V2X. It is also aligned with the already agreed upon antenna gain for UE-type RSU.
Proposal 6 [bookmark: _Toc513836825]Use 3dBi as the antenna gain for vehicle UE. 
3.3	Details of gNB antenna element pattern and array configuration for different scenarios
For the gNB antenna element pattern, it is agreed in RAN1#92bis to reuse the antenna pattern defined in Table 7.3-1 of TR 38.901, repeated in Table 2 below for completeness.
[bookmark: _Ref513627073]Table 2 (Table 7.3-1 in TR 38.901): Radiation power pattern of a single antenna element
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	


	Horizontal cut of the radiation power pattern (dB)
	


	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi


As for antenna array configuration, we propose to use the configurations specified in Table A.2.1-4 in TR 38.802 for below and above 6GHz, repeated in Table 3 below.
Proposal 7 [bookmark: _Toc513836826]Use the antenna configurations specified in Table 3 for gNB in NR V2X evaluations.
[bookmark: _Ref513627043]Table 3 (from Table A.2.1-4 in TR 38.802). Antenna array configuration for gNB in NR V2X
	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	Per panel, per polarization


	Per panel, per polarization. 
Consider the following a TXRU to antenna elements mapping as examples
30GHz and 70GHz: 
Option 1: a single TXRU is mapped per panel per polarization.
Option 2: a single TXRU is mapped per panel per subarray per polarization, 
- E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
- Other subarray configurations are not precluded. 
Option 3: Fully connected TXRU mapping within a panel per polarization.
- Other Fully connected TXRU mapping is not precluded. 

For evaluating multi beam based approaches at 30GHz and 70GHz, consider the following:
- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	Number of antenna elements across all panels
	Up to 256 Tx/Rx antenna elements 
	30GHz: Up to 256 Tx /Rx antenna elements 

70GHz: Up to 1024 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1).

	30GHz:
Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). 

70GHz:
Dense urban:
- Baseline: (M, N, P, Mg, Ng) = (8, 16, 2, 2, 2) 

	Antenna array spacing (dH,dV,dH,g,dV,g)
	Dense urban and Urban macro:
- Baseline: (dH, dV) = (0.5, 0.8)λ

	30GHz:
Dense urban and Urban macro:
- Baseline: (dH, dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ

70GHz:
Dense urban:
- Baseline: (dH, dV) = (0.5, 0.5)λ. (dg,H, dg,V) = (8.0, 4.0) λ. 

	Antenna tilt, deg
	No mechanical tilt
	No mechanical tilt


3.4	Antenna element pattern and array configuration for vehicle UE
In this section, we propose antenna element pattern and array configuration for vehicle UE in Table 4, Table 5, and Table 6. These values are taken from TR38.802.
[bookmark: _Ref513623912]Table 4 (Table A.2.1-5 in TR38.802). Vehicle UE antenna element radiation pattern model for below 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction 

	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	3 dBi



[bookmark: _Ref513623913]Table 5 (Table A.2.1-8 in TR38.802). Vehicle UE antenna element radiation pattern model for above 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	5dBi


[bookmark: _Ref513623914]
[bookmark: _Ref513642529]Table 6 (from Table A.2.1-4 in TR 38.802). Antenna array configuration for vehicle UE
	
	Vehicle UE

	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	A single TXRU is mapped per panel per polarization
	A single TXRU is mapped per panel per polarization

	Number of antenna elements across all panels
	Up to 8 TX/RX antenna elements
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Collocated: (1, 4, 2, 1, 1)
	Collocated: (2, 4, 2, 1,2)


	Antenna array spacing (dH,dV,dH,g,dV,g)
	(0.5, 0.5, -, -) λ
	(0.5, 0.5, 0, 0) λ 


Proposal 8 [bookmark: _Toc513836827]Use the antenna configurations specified in Table 4, Table 5, and Table 6 for vehicle UE.
3.5	Antenna element pattern and array configuration for UE-type RSU
In this section, we propose antenna element pattern and array configuration for UE-type RSU in Table 7, Table 8, and Table 9. Note that Table 8 and Table 9 are the same as Table 5 and Table 6, respectively.
[bookmark: _Ref513623956]Table 7. UE-type RSU antenna element radiation pattern model for below 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	Half spherically uniform distribution with bottom direction 

	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	3 dBi



[bookmark: _Ref513623962]Table 8. UE-type RSU antenna element radiation pattern model for above 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	5dBi



[bookmark: _Ref513623963]Table 9. Antenna array configuration for UE-type RSU
	
	UE-type RSU

	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	A single TXRU is mapped per panel per polarization
	A single TXRU is mapped per panel per polarization

	Number of antenna elements across all panels
	Up to 8 TX/RX antenna elements
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Collocated: (1, 4, 2, 1, 1)
	Collocated: (2, 4, 2, 1,2)


	Antenna array spacing (dH,dV,dH,g,dV,g)
	(0.5, 0.5, -, -) λ
	(0.5, 0.5, 0, 0) λ 


Proposal 9 [bookmark: _Toc513836828]Use the antenna configurations specified in Table 7, Table 8, and Table 9 for UE-type RSU.
Conclusion
In the previous sections we made the following observations: 
[bookmark: _Hlk513809708]Observation 1	Option 2 with a distribution validated by measurement data is preferred for determining the NLOSv state for a link in the SLS.
Observation 2	The random variable added to the pathloss equation when a link is in NLOSv state should be a function of at least the distance between the transmitter and the receiver, the vehicle density (or the simulation scenario), and the carrier frequency.
Observation 3	Considering RAN1 agreement on adding a random variable to the pathloss equation when a link is in NLOSv, smooth transition between states could be implemented by extending the soft LOS state (defined in TR 38.901 for LOS-NLOS transition) to other state transitions (LOS-NLOSv, NLOS-NLOSv).
Observation 4	There is a considerable difference between Option 1 and Option 2. The values provided by Option 1 are similar to those in Mangel’s model.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Option 1 is used for path loss in Urban NLOS.
Proposal 2	Use the RMa LOS pathloss models in TR 38.901 for the B2V, B2P, B2R in Freeway deployment, above 6GHz.
Proposal 3	Reuse the AoD parameters in the UMi-street canyon of TR38.901 for both AoA and AoD parameters of the V2V channel in the LOS and NLOS states, respectively.
Proposal 4	For link-level simulations, the CDL model in TR 38.901 is used. The detailed parameters are generated based on the agreed system level assumptions.
Proposal 5	Use 1.5m as antenna height for P-UEs.
Proposal 6	Use 3dBi as the antenna gain for vehicle UE.
Proposal 7	Use the antenna configurations specified in Table 3 for gNB in NR V2X evaluations.
Proposal 8	Use the antenna configurations specified in Table 4, Table 5, and Table 6 for vehicle UE.
Proposal 9	Use the antenna configurations specified in Table 7, Table 8, and Table 9 for UE-type RSU.
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