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1. Introduction
In the email discussion of 90-30 and 90b-NR-02 [1, 2], offline consensus has been made for several aspects of evaluation assumption for V2X phase 3. In this contribution, we focus on several discussion points where consensus has not been reached during the email discussion.
2. Discussion
2.1. Evaluation scenarios

In the LTE V2X study, V2X operational scenarios are captured in [3]. At least the same operational scenarios should be covered in V2X phase 3 and assumed bands will be amended to cover both 6 GHz band and 60 GHz band. We consider that operational scenarios will be captured in the following SI after the eV2X evaluation methodology SI. Impact on the evaluation methodology considering the V2X operational scenarios needs to be discussed in the eV2X evaluation methodology SI.

2.1.1. RSU layout

There are consensuses on macro gNB layout, while RSU layout is still FFS. We consider the same RSU layout can be applied to both gNB-type RSU and UE-type RSU. Following combination of gNB and RSU will be evaluated for simplicity.

· Option 1: Macro gNB only

· Option 2: Macro gNB + gNB-type RSU

· Option 3: UE-type RSU only

Following RSU layouts are considered assuming practical deployment. 
· Urban grid: RSU is deployed at each intersection
· Highway: RSU is deployed uniformly with 100 m spacing in the middle of the highway
2.1.2. Traffic model

For sensor sharing and advanced driving, packet generation may include some jitter of inter-packet interval while packet generation is mostly periodic. In order to avoid wrong optimization, inter-packet interval is modelled as a fixed periodicity T plus random jitter X with upper and lower bound values. Similarly, the packet size may include some randomness due to the number of detected objects, data compression, driving intention, etc., which varies over time and scenarios. For simplicity, we propose to assume randomness in inter-packet arrival time and packet size with uniform distribution.

· Proposal 1: Periodic transmission of a fixed packet size with a random jitter time, and packet size fluctuation is adopted as a framework of the traffic model. Random values in the inter-packet arrival time and the packet size are uniformly distributed. Detailed parameters are decided per use case.

In the email discussion and TR 38.802, it is assumed to simulate narrower bandwidth than aggregated bandwidth. Although typical simulation assumes certain resource utilization regardless of simulated bandwidth, V2X evaluation assumes fixed traffic volume, which is derived from assumed use case(s). If we scale the traffic volume, e.g., the packet size, transmission bandwidth is impacted. Also, transmission power density will be decreased and then the impact of half-duplex constraint will be underestimated. Therefore, scaling of traffic volume should not be applied from UE perspective. Scaling can be applied from the system perspective, e.g., limiting the number of UEs in the dropped vehicles becomes transmitter UE.

· Observation 1: Assuming that simulation bandwidth is narrower than aggregated bandwidth, scaling on the traffic volume can be considered.

· Observation 2:If traffic volume is scaled from UE perspective, PSD and the impact of half-duplex constraint can be impacted.

· Proposal 2: Traffic volume can be scaled from the system perspective, e.g., limiting the number of UEs in the dropped vehicles becomes transmitter UE. 

2.1.3. KPI
In addition to PRR using Alt. 1, persistent packet reception error needs to be evaluated. Especially for sidelink communication using mmWave, fast fading, vehicle blockage, and persistent resource collision will cause consecutive packet loss. All the degradations are related to UE mobility. If PRR is the only KPI, such temporal performance degradation cannot be observed while consecutive packet loss has major impact on V2X applications. Therefore, we propose to model UE mobility (location update) and adopt an additional KPI for persistent packet reception error. Several KPIs for persistent packet reception error were proposed in the email discussion of [1]:

· Option 1: PIR (Packet Inter-Reception) that was discussed in [3]

· Option 2: Packet reception elapsed time (PRET)

· PRET is defined as time interval between the timestamp of the last successfully received packet transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).
· Option 3: Information age (IA)

· IA is defined as time interval between the timestamp corresponding to the data contained in the last successfully received packet transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).

· Option 4: n-consecutive packet loss (n-CPL)

· For a particular n and a particular Tx-Rx UE link i, the event of n consecutive packets losses is defined as n consecutive packet reception failures, with the packet preceding the first lost packet and the packet following the last lost packet being correctly received. Then, the number of such event occurred on link i is denoted by 
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 is defined as the number of packets received correctly on link i.
Among these options, we prefer Option 2 (PRET) and Option 3 (IA). From RAN1 perspective, Option 2 is more suitable than Option 3 as Option 2 does not require upper layer information. In Option 2 and Option 3, what 90-percentile value means is that 90% of “time”, measured data samples are less than or equal to 90-percentile value. This is because of the fact that data samples are generated uniformly in time regardless of inter-packet reception time. On the other hand, in Option 1 (PIR), such interpretation is not possible because data samples are generated non-uniformly in time due to dependency of inter-packet reception time. For example, suppose that a receiver successfully receives packets from a specific transmitter with 100ms PIR for the first 1 sec but failed to receive packets consecutively for the next 10 sec (i.e., PIR = 10 sec) due to persistent collision. In this case, 90-percentile PIR is 100ms despite 90% of “time”, packets are not received consecutively. Therefore, evaluation of persistent collision based on Option 1 may lead to misinterpretation of persistent collision. Option 4 (n-CPL) is simple and useful if the message interval is fixed and the same for all UEs over simulation runtime. However, since time-related information is lost in Option 4, it is not clear how to interpret the metric if the message interval varies over simulation runtime (e.g., due to randomness of message interval or congestion control), where each consecutive packet loss causes different seriousness. Time-related information as in Options 1-3 is important to assess the performance of situational awareness.

Regarding data collection, data samples of Option 2 can be easily generated based on each PIR sample. For example, for one Y-ms PIR sample, the data samples of Option 2 are [tperiod, 2*tperiod, 3*tperiod, …, Y] ms, where tperiod = X ms (e.g., X is determined based on the minimum message interval and jitter of message interval). These samples are collected for all PIR samples of all links or links within communication range [a, b]. Then, the CDF of the collected data samples is generated.

· Observation 3: Data samples are uniformly generated in time in Option 2 and Option 3 regardless of inter-packet reception time, whereas data sample are non-uniformly generated in time in Option 1 due to dependency of inter-packet reception time, which may lead to misinterpretation of persistent collision. 

· Observation 4: From RAN1 perspective, Option 2 is more suitable than Option 3 as Option 2 does not require upper layer information. 

· Observation 5: Since time-related information is lost in Option 4, it is not clear how to interpret the metric of Option 4 if the message interval varies over simulation runtime (e.g., due to randomness of message interval or congestion control).
· Proposal 3: Adopt Option 2 (PRET) as KPI for persistent packet reception error. 

2.2. Channel model
2.2.1. Sidelink channel model in 6 GHz band
For 6 GHz band, the sidelink channel model is already developed in TR 36.885. On the other hand, sidelink channel model(s) for above 6 GHz will be developed based on NR channel model in TR 38.901 [4]. We propose to use both of the two channel models in the initial evaluation for comparison and down-select for later evaluations. Also, there is a recommendation from SAE in [5] to use a field-calibrated V2V channel model. Therefore, we propose to calibrate a sidelink channel model based on field measurements and/or ray-tracing simulations for evaluation of technical solutions for NR V2X. In the calibration, the effective environment height, which is used for calculation of the effective antenna height, can be optimized. The same calibration can be performed for 60 GHz band.
· Proposal 4: For 6 GHz band, use two sidelink channel models (based on TR 36.885 and TR 38.901) in the initial evaluation for comparison and down-select for later evaluations.
· Down selection is decided based on calibration of a sidelink channel model based on field measurements and/or ray-tracing simulations.
2.2.2. Vehicle blockage model in sidelink
By definition, blockage in LOS path results in NLOS communication. However, there are several blocker types, e.g., building and surrounding vehicles and its impact to channel is very different. In the LTE V2X SI, building blockage is explicitly modeled in the urban grid scenario and it was the only NLOS condition in sidelink. It was always assumed to be LOS in highway. We consider that contribution of the vehicle blockage is minor compared to building blockage and impact of vehicle blockage is already captured in the NLOS channel to some extent. Therefore, we propose to model vehicle blockage only in LOS condition in urban grid and highway scenarios.
· Proposal 5: Vehicle blockage is modelled in LOS where channel is not blocked by building.

In the following, we discuss the detail of vehicle blockage model, which consists of identification of vehicle blockage and reflection in the channel parameters.

(1) Identification of vehicle blockage
(1-1) An explicit model and (1-2) a stochastic model are considered for identification of vehicle blockage. 
In the explicit model, vehicle blockage is decided based on the locations of vehicles in the system level simulation. In the blockage model B in TR 38.901, the decision is made per path in the fast fading using rectangular screen. However, if we can focus on vehicle blockage in LOS, blockage in the LOS path will be dominant factor. If identification of vehicle blockage is decided based on LOS path between vehicles, simulation complexity will not be significant. Impact of different vehicle density on the vehicle blockage is explicitly reflected in this model. 
A stochastic model will be developed based on sounding in the field measurements and/or ray-tracing simulations assuming urban grid and highway scenarios. Less simulation complexity is expected in the stochastic model compared to the explicit model. However, there are several challenges for precise modelling of vehicle blockage using the stochastic model; Different probability parameters need to be defined per deployment scenario and vehicle density. Furthermore, the vehicle density is location dependent in urban grid scenarios, where the vehicle density is higher around an intersection, and therefore it is not trivial on how to capture its impact on blockage probability. 
Considering the advantages and disadvantage of each model, we propose to adopt the explicit model for identification of vehicle blockage. In the explicit model, the blocker vehicle size needs to be defined. Also, the inter-vehicle distance should be modified or designed so that vehicles have sufficient inter-vehicle distance considering the assumed vehicle size.
· Observation 6: In the explicit model for identification of vehicle blockage, the impact of different vehicle density on the vehicle blockage is explicitly reflected.

· Observation 7: In order to develop a stochastic model for identification of vehicle blockage, different probability parameters need to be defined per deployment scenario and vehicle density.

· Proposal 6: Adopt the explicit model for identification of vehicle blockage. Vehicle blockage is decided based on LOS path between vehicles in the system level simulation. 
(3) Reflection in the channel parameters
Assuming vehicle blockage decision based on LOS path, several approaches can be considered for reflection in the channel parameters as shown in Table 1. For Option 2-1, additional attenuation is applied in addition to LOS pathloss. For Option 2-2, NLOS fast fading is applied in addition to attenuation in pathloss. For Option 2-3, pathloss is the same as LOS, but LOS path in the fast fading is attenuated. There will be further discussion on whether attenuated LOS path is still modelled as LOS path because blocked LOS path is no more LOS. We propose to adopt Option 2-1 since the simulation complexity is high to switch fast fading model during simulation in Option 2-2 and Option 2-3 and attenuation applied only for LOS path may need major work on channel model in Option 2-3. The attenuation value can be decided based on the number of blocker vehicles and it can be decided based on another simulation using blocker model B in TR 38.901 and/or field measurements/ray-tracing simulations. 
Table 1: Reflection of vehicle blockage in the channel parameters
	
	Pathloss
	Fast fading

	Option 2-1
	Additional attenuation is applied
	Not impacted

	Option 2-2
	Additional attenuation is applied
	NLOS model is used

	Option 2-3
	Not impacted
	LOS path is attenuated.

FFS: Whether attenuated LOS path is still modeled as LOS path


· Proposal 7: Additional attenuation is applied for LOS pathloss when Tx and Rx vehicles are blocked by other vehicles. Attenuation value is dependent on the number of blocker vehicles.
(3) Impact of different vehicle heights on vehicle blockage
In reality, there are different types of vehicles with different vehicle heights (e.g., sedan, SUV, minivan, truck, bus) on the road. If there are blocker vehicles with a higher vehicle height between two communicating vehicle-UEs with a lower vehicle height, it would affect blockage characteristics. On the other hands, in case of roof-top antenna, if we assume that the heights of all vehicles are the same, we cannot adequately capture the impact of vehicle blockage due to vehicles with a higher vehicle height. Therefore, we propose to model vehicle UEs with different vehicle heights and the ratio of each vehicle type. As two different vehicle types, normal vehicles with the vehicle size (1.8m width × 5m length ×1.5m height) and trucks with the vehicle size (2.5m width × 12m length × 3.8m height) can be considered for identification of blocker vehicles and resulting attenuation.

· Observation 8: There are different types of vehicles with different vehicle heights (e.g., sedan, SUV, minivan, truck, bus) on the road, which affect blockage characteristics.

· Proposal 8: Vehicles with different vehicle heights are modelled. 
· Normal vehicle: 1.8m width × 5m length × 1.5m height
· Truck: 2.5m width × 12m length × 3.8m height
3. Conclusion

In this contribution, we described our views on evaluation methodology for V2X phase 3. Following observations and proposals are made.
· Proposal 1: Periodic transmission of a fixed packet size with a random jitter time, and packet size fluctuation is adopted as a framework of the traffic model. Random values in the inter-packet arrival time and the packet size are uniformly distributed. Detailed parameters are decided per use case.
· Observation 1: Assuming that simulation bandwidth is narrower than aggregated bandwidth, scaling on the traffic volume can be considered.
· Observation 2:If traffic volume is scaled from UE perspective, PSD and the impact of half-duplex constraint can be impacted.
· Proposal 2: Traffic volume can be scaled from the system perspective, e.g., limiting the number of UEs in the dropped vehicles becomes transmitter UE.
· Observation 3: Data samples are uniformly generated in time in Option 2 and Option 3 regardless of inter-packet reception time, whereas data sample are non-uniformly generated in time in Option 1 due to dependency of inter-packet reception time, which may lead to misinterpretation of persistent collision.
· Observation 4: From RAN1 perspective, Option 2 is more suitable than Option 3 as Option 2 does not require upper layer information.
· Observation 5: Since time-related information is lost in Option 4, it is not clear how to interpret the metric of Option 4 if the message interval varies over simulation runtime (e.g., due to randomness of message interval or congestion control).
· Proposal 3: Adopt Option 2 (PRET) as KPI for persistent packet reception error.
· Proposal 4: For 6 GHz band, use two sidelink channel models (based on TR 36.885 and TR 38.901) in the initial evaluation for comparison and down-select for later evaluations.
· Down selection is decided based on calibration of a sidelink channel model based on field measurements and/or ray-tracing simulations.
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· Observation 7: In order to develop a stochastic model for identification of vehicle blockage, different probability parameters need to be defined per deployment scenario and vehicle density.
· Proposal 6: Adopt the explicit model for identification of vehicle blockage. Vehicle blockage is decided based on LOS path between vehicles in the system level simulation.
· Proposal 7: Additional attenuation is applied for LOS pathloss when Tx and Rx vehicles are blocked by other vehicles. Attenuation value is dependent on the number of blocker vehicles.
· Observation 8: There are different types of vehicles with different vehicle heights (e.g., sedan, SUV, minivan, truck, bus) on the road, which affect blockage characteristics.
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