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In RAN#97-e, the WID for NR sidelink evolution was updated and agreed [4]. One of the objectives agreed to start in RAN1#110e-bis is as follows:	
	Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we provide our views on the Sidelink simulation methodology update for FR2 frequency band.
Discussion
Although NR sidelink was initially developed for V2X applications, there is growing interest in the industry to expand the applicability of NR sidelink to commercial use cases. For commercial sidelink applications, two key requirements have been identified:
-	Increased sidelink data rate 
-	Support of new carrier frequencies for sidelink
Increased sidelink data rate is motivated by applications such as sensor information (video) sharing between vehicles with high degree of driving automation. Increased data rate can be achieved with the support of sidelink carrier aggregation and sidelink over unlicensed spectrum. Furthermore, by enhancing the FR2 sidelink operation, increased data rate can be more efficiently supported on FR2. While the support of new carrier frequencies and larger bandwidths would also allow to improve its data rate, the main benefit would come from making sidelink more applicable for a wider range of applications. More specifically, with the support of unlicensed spectrum and the enhancement in FR2, sidelink will be in a better position to be implemented in commercial devices since utilization of the ITS band is limited to ITS safety related applications.
ITU-R recommends technical and operational characteristics for millimeter wave radio communication systems for ITS applications for V2V and V2I in the frequency band 57.0-66.0 GHz. It is noted that ITU-R identifies the transmission parameter requirements for ITS with three types of system bandwidth as follows:
Table 1 Bandwidth requirements in three types of system
	
	System A
	System B
	System C

	System bandwidth
	63-64 GHz
	59-66 GHz
			57-64 GHz



In this section, several essential issues on the NR sidelink simulation methodology in FR2 frequency band are discussed.
Main scenarios
Different V2X scenarios require the transport of V2X messages with different performance requirements for the 3GPP system. We believe that the following scenarios proposed in [1] can be followed:
-	Vehicles Platooning
-	Advanced Driving
-	Extended Sensors 
-	Remote Driving
Vehicles Platooning enables the vehicles to dynamically form a group travelling together. All the vehicles in the platoon receive periodic data from the leading vehicle, in order to carry on platoon operations. This information allows the distance between vehicles to become extremely small, i.e., the gap distance translated to time can be very low (sub second). Platooning applications may allow the vehicles following to be autonomously driven. 
Advanced Driving enables semi-automated or fully-automated driving. Longer inter-vehicle distance is assumed. Each vehicle and/or RSU shares data obtained from its local sensors with vehicles in proximity, thus allowing vehicles to coordinate their trajectories or maneuvers. In addition, each vehicle shares its driving intention with vehicles in proximity. The benefits of this use case group are safer traveling, collision avoidance, and improved traffic efficiency.
Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers. The vehicles can enhance the perception of their environment beyond what their own sensors can detect and have a more holistic view of the local situation.
Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. In addition, access to cloud-based back-end service platform can be considered for this use case group. 
The impact of FR2 licensed spectrum on the preceding scenarios must be considered.
[bookmark: OLE_LINK14]Proposal 1: Regarding the scenarios for enhanced sidelink operation on FR2 licensed spectrum:
· V2X scenarios can be divided into the following categories:
· Vehicles Platooning
· Advanced Driving
· Extended Sensors 
· Remote Driving
· The impact of FR2 licensed spectrum on each of the preceding scenarios should be studied.

Traffic model
For traffic model, currently the models in TR37.885 [3]  are utilized. The following options are supported for the traffic model:
Selected models for periodic traffic are provided in Table 2. The details are provided in [3].


Table 2 Selected modes for periodic traffic
	Model 1 (low traffic intensity)
	Model 2 (medium traffic intensity)
	Model 3 (high traffic intensity)

	-Inter-packet arrival time: 100 ms
-Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
-Latency requirement: 100 ms
	-Inter-packet arrival time: 10 ms
-Other value(s) are not precluded, e.g., 100ms
-Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-Latency requirement: 10 ms
	-Inter-packet arrival time: 30 ms
-Packet size: Uniformly random in the range between 30000 bytes and 60000 bytes with the quantization step of 10000 bytes
-Latency requirement: 30 ms



Selected models for aperiodic traffic are provided in Table 3. The details are provided in [3].
Table 3 Selected modes for aperiodic traffic
	Model 1 (medium traffic intensity)
	Model 2 (high traffic intensity)

	-Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-Latency requirement: 50 ms
	-Inter-packet arrival time: 10 ms + an exponential random variable with the mean of 10 ms
-Packet size: Uniformly random in the range between 10000 bytes and 30000 bytes with the quantization step of 4000 bytes
-Latency requirement: 10 ms



Considering the characteristics of FR2, which is in high frequency band and large bandwidth, it is generally suitable for higher traffic intensity (e.g. Extended Sensors). Therefore, it is recommended to use periodic service Model 3 and aperiodic service Model 2 to evaluate the performance for FR2.
[bookmark: OLE_LINK13]Proposal 2: Regarding the traffic model for enhanced sidelink operation on FR2 licensed spectrum:
· For periodic traffic, the Model 3 (high traffic intensity) in Table 1 should be used.
· For aperiodic traffic, the Model 2 (high traffic intensity) in Table 2 should be used.

Channel model
Channel model defined in TR38.901 [2] and TR37.885 [3] can be reused as much as possible. [2] mainly defines the urban and rural channel models. [3] mainly defines urban case and highway case. 

Antenna model
According to [3], two options are defined for vehicle UE antenna element pattern and array configuration. Companies are encouraged to provide evaluation results using both options. The parameters of option 1 are given in the following tables:
Table 4 Antenna element pattern for vehicle UE in Option 1
	For 30 and 63 GHz

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	[image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi



Table 5 Antenna array configuration for vehicle UE in Option 1
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision

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

	Antenna array configuration
(M, N, P, Mg, Ng)
	Vehicle Type 1 and 3:
[Front and rear antennas:
(2, 4, 2, 1, 1) for each location
Front antenna array bearing angle: ΩFront = 0°
Rear antenna array bearing angle: ΩRear = 180°
Vehicle Type 2:
Multi-panel at rooftop:
(1, 4, 2, 1, 4)
Panel bearing angle:
Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;]

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	90



The Vehicle Type is defined in Section 2.3.2.
Option 2 is defined as follows: Two panels are placed in the vehicle as follows and the antenna pattern for each location is given by Tables 6.1.4-10 and, 6.1.4-11. The antenna array configuration is given by Table 6.1.4-12. (TR37.885)

Pathloss model
According to [3], Pathloss model for V2V links is given in the following table:
Table 6 Pathloss for V2V links
	LOS/NLOS/NLOSv
	Pathloss [dB]

	LOS, NLOSv
	For Highway case, PL = 32.4 + 20log10(d) + 20log10(fc)  (fc is in GHz and d is in meters)
For Urban case, PL= 38.77 + 16.7log10(d) + 18.2log10(fc) (fc is in GHz and d is in meters)

	NLOS
	PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters) where d is the Euclidean distance between TX and RX 



According to [2], Pathloss model for V2B, P2B, B2R links is given in the following table:
Table 7 Pathloss for V2B, P2B, B2R links
	
	Above 6 GHz 

	
	LOS
	NLOS

	B2V
B2P
B2R
	Urban:
TR 38.901 UMa LOS
Highway: 
TR 38.901 UMa LOS 
	Urban:
TR 38.901 UMa NLOS
Highway:
N/A


 [3] also has a description of Shadowing model and Fast fading model which can be reused as much as possible.
[bookmark: OLE_LINK6][bookmark: OLE_LINK1]
Proposal 3: Regarding the channel model for enhanced sidelink operation on FR2 licensed spectrum:
· Channel model defined in TR37.885 and TR38.901 can be reused as much as possible.
· A suitable channel model for the highway scenario needs to be proposed.

For V2V channel modeling aspects, the antenna placement and vehicle dimensions need to be defined. We propose to model three types of cars. Selected vehicle dimensions are provided in Table 7. For pedestrians, we propose not to model these channel modeling effects and thus there is no need to define their dimensions.
[bookmark: _Ref506018830][bookmark: _Ref506230795]Table 8: Proposed vehicle dimensions
	
	Length, m
	Width, m
	Height, m
	Antenna Height, m

	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Vehicle Type 1
	4.8m
	2m
	1.6m
	0.75m

	Vehicle Type 2
	4.8m
	2m
	1.6m
	1.6m

	Vehicle Type 3
	15m
	2.6m
	3m
	3m


[bookmark: OLE_LINK7]
Proposal 4: Define vehicle dimensions as provided in Table 8 for V2X evaluations.

Performance metric
Performance metric defined in [3] can be reused. Packet reception ratio (PRR) has two types, and is defined as follows:
-	PRR type 1: For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. CDF of PRR and the average PRR are used in evaluation
-	PRR type 2: For one Tx packet, the PRR is calculated by S/Z, where Z is the number of UEs in the intended set of receivers, and S is the number of UE with successful reception among Z.
PRR type 1 is included as a performance metric at least for the broadcast-type use cases. PRR type 2 is supported and can be used as performance metric in scenarios such as multicast/unicast or to see the performance of links in a certain condition (e.g., links blocked by a building). 
We believe that PRR type 2 can be reused. Whether to use PRR type 1 needs further study.
Packet Inter-Reception (PIR) is defined in [3] and used as an additional metric for persistent collision. It also has two types and is defined as follows:
-	PIR type 1: For a given distance D, PIR is the time Ti elapsed between two successive successful receptions of two different packets transmitted from node A to node B for the same application, if the distances at the two packets' receiving time between node A and node B is within the range of (0,D]. 
-	PIR type 2: PIR is the time Ti elapsed between two successive successful receptions of two different packets transmitted from node A to node B for the same application, if the node B is one of the intended set of receivers of the node A.
PIR type 1 is included as a performance metric at least for the broadcast-type use cases. PIR type 2 is supported and can be used as performance metric in scenarios such as multicast/unicast or to see the performance of links in a certain condition (e.g., links blocked by a building) or links in a specific area (e.g., lanes with high congestion in highway scenario).
We believe that PIR type 2 can be reused. Whether to use PIR type 1 needs further study.
Proposal 5: Performance metric defined in TR 37.885 can be reused, especially PRR type 2 and PIR type 2. Whether to use PRR type 1 and PIR type 1 needs further study.

UE drop and mobility modeling
UE dropping defined in [3] can be reused as much as possible. For both urban grid and highway scenarios, vehicle type 2 is preferred for SL-FR2 evaluation, the corresponding parameters are provided in Table 9.

Table 9 UE dropping and mobility modeling parameters
	Parameters
	Urban grid
	Highway

	UE drop and mobility modeling
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 60 km/h in all the lanes.
-	In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.



Proposal 6: The UE dropping and mobility modeling Option A defined in TR 37.885 for both highway scenario and urban grid scenario can be used for the study of sidelink enhancement for FR2 licensed spectrum.
Conclusion
In the contribution, we provide our considerations on the SL simulation methodology in FR2 frequency band with the following proposals. 
Proposal 1
	V2X scenarios can be divided into the following categories:
-	Vehicles Platooning
-	Advanced Driving
-	Extended Sensors 
-	Remote Driving
	The impact of FR2 licensed spectrum on the preceding scenarios must be considered.
Proposal 2: Regarding the traffic model for enhanced sidelink operation on FR2 licensed spectrum:
	For periodic traffic, the Model 3 (high traffic intensity) in Table 1 should be used.
	For aperiodic traffic, the Model 2 (high traffic intensity) in Table 2 should be used.
Proposal 3
	Channel model defined in TR37.885 and TR38.901 can be reused as much as possible.
	A suitable channel model for the highway scenario needs to be proposed.
Proposal 4: Define vehicle dimensions as provided in Table 8 for V2X evaluations.
Proposal 5: Performance metric defined in TR 37.885 can be reused, especially PRR type 2 and PIR type 2. Whether to use PRR type 1 and PIR type 1 needs further study.
Proposal 6: Support to use the UE dropping and mobility modeling Option A defined in TR 37.885 for both highway scenario and urban grid scenario. 
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