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1. Introduction
During RAN1#92bis meeting, discussions and progress were made on evaluation scenarios for NR-eV2X. Some of the agreements reached and FFS items relating to vehicle dropping model for freeway, vehicle dropping model for urban, and traffic model in terms of message arrival timing/interval and message size captured in [1] are listed in the following.
	Agreements:

· Three vehicle types are defined as follows.
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters
· FFS how to drop different vehicle types
· The difference of the vehicle type does not change the channel model potentially except the following aspects:
· Pathloss equation where the antenna height is set according to the vehicle type
· Loss caused by vehicle blockage (details to be discussed in the vehicle blockage modelling)
· Radiation pattern

Agreements:

· Vehicles are dropped according to the following process.
· The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {1 meter, an exponential random variable with the average of the speed * x sec}.

· FFS for x sec.
· All the vehicles in the same lane have the same speed.

· The following options are supported for freeway:
· Option A

· Homogeneous vehicle types: 100% vehicle type 2

· Non-clustered dropping
· Same vehicle density in all the directions: Speed is [140 and/or 70] km/h in all the lanes.
· Option B

· Heterogeneous vehicle types: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3

· Non-clustered dropping
· Different vehicle density in different lanes:

· Speed in Lane 1: 80km/h

· Speed in Lane 2: 100km/h 
· Speed in Lane 3: 140km/h 
· Speed in Lane 4: 40km/h 
· Speed in Lane 5: 30km/h 
· Speed in Lane 6: 20km/h  
· Option C

· Heterogeneous vehicle types: 0% vehicle type 1, [67]% vehicle type 2, [33]% vehicle type 3

· Clustered dropping: Each cluster consists of [6] Type 3 vehicles with a gap of [2] meters
· FFS how to drop multiple clusters
· Same vehicle density in all the directions: Speed is [140] km/h in all the lanes.
Agreements:

· The following options are supported for urban case:
· Option A
· Homogeneous vehicle types: 100% vehicle type 2

· Non-clustered dropping
· Same vehicle density in all the directions: Speed is [60 and/or 15] 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 B

· Heterogeneous vehicle types: [20]%, [60]%, [20]% for vehicles types 1, 2, 3, respectively
· Non-clustered dropping
· Different vehicle density in different directions:

· In the East-West direction:
· Speed in Lane 1: 60km/h

· Speed in Lane 2: 50km/h 
· Speed in Lane 3: 25km/h 
· Speed in Lane 4: 15km/h

· In the North-South direction:

· 0 km/h in all the lanes.

· FFS how to handle the vehicle dropping and direction change at the intersection.

· FFS whether to consider a reduced layout (e.g., covering a single intersection)

Agreements:

· Two options are supported as follows: 
· Periodic traffic based on Option 1
· FFS on which option(s) is(are) supported:
· Message size varies in time in a deterministic manner.
· Message size varies in time in a random manner.
· Aperiodic Traffic based on Option 3
· Working assumption: Inter-packet arrival time = a non-negative constant value + a random variable following an exponential distribution
· Message size varies in time in a random manner.
· Other options are not precluded if a relevant use case is identified.
· Further discussion till next meeting whether both options have equal priority or one of them has a higher priority


In this contribution, we provide our views on some of the remaining open issues / FFS items listed in the above agreements and as well as performance metric for vehicle positioning.
2. Discussion
2.1 Vehicle dropping models
A typical value for x is 2 seconds based on recommended vehicle trailing distance for safe driving in many countries and in various states in America. In the past, RAN1 had assumed 2.5 seconds for vehicle separation distance in their simulations. Although in some countries this distance is within their safe driving guideline (upper bound), but this will represent only an operating environment that is not typically seen in a city traffic particularly during busy hours. In a highly dense driving environment, vehicles are more closely spaced and V2X traffic volume is expected to be high as well. Thus, creating a challenging operating condition for V2X communication. It is, therefore, recommended that a maximum of x=2 seconds of vehicle separation distance should be used for performance evaluation so that it is more closely reflect practical driving condition on the roads and to ensure robust system design for NR-V2X in challenging conditions.
Proposal 1: It is recommended to adopt x=2 seconds as vehicle separation distance to represent a more realistic and challenging operating environment for evaluating performance of various designs for NR-V2X.
In terms of vehicle dropping on freeways:

· Option A is not a typical case of freeway. But it can happen sometimes at night with very little or almost no Type 3 vehicles on the road. Since it is not a typical scenario and does not represent a challenging operating condition in terms of traffic volume for NR-V2X communication, it is recommended to down-prioritise this option in SL performance evaluation. When this dropping modelled is simulated, vehicle speed of 140km/hr should be targeted for evaluating DMRS designs in high absolute and relative speed environment.
· For Option B, in our view this dropping model is intended to reflect a more realistic and practical driving condition on freeways that we typically see every day. In terms of percentage of different types of vehicles on freeways, we have a slight preference to set 10% of vehicle type 1, 70% of vehicle type 2 and 20% of vehicle type 3. 
· In dropping model Option C, this is intended to evaluate performance of vehicle platooning. Although 33% of vehicle type 3 on freeways may be on the high end of the scale, but it represents a more challenging condition for V2X communication as more platoon clusters will operate simultaneously on the freeway. However, according to TR22.885 [2], the support of up to 5 vehicles in a platoon is specified. And therefore, it is slightly preferred to follow this value.
Proposal 2: For vehicle dropping on freeway,
· For Option A, as this does not represent a typical driving condition on freeways, it is suggested to use this option only for evaluating performance of DMRS designs and set the speed to 140 km/hr.

· For Option B, we have a slight preference to set 10% of vehicle type 1, 70% of vehicle type 2 and 20% of vehicle type 3.

· For Option C, it is slightly preferred to set a max of 5 vehicles in a platoon as specified in TR22.886.

In terms of vehicle dropping in urban:

· For Option A, again this is not a typical scenario of having only vehicle type 2 on urban roads and it may happen only at night. On the other hand, we see this vehicle dropping option can be used to evaluate NR-V2X performance in a dense environment with high traffic volume condition. In this case, 15km/h should be assumed in all lanes.

· In Option B, again we slightly prefer to set distribution among vehicle types to be 10/70/20. In addition, 
· For direction change, same as Option A: UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
· Vehicle type 1 and 2 are randomly dropped in all lanes. But vehicle type 3 is only dropped in lane 3 and lane 4.

Proposal 3: For vehicle dropping in urban,

· For Option A, it is suggested to set vehicle speed to be 15km/hr for evaluating NR-V2X performance in a high traffic volume condition.

· For Option B, we have same preference to set 10% of vehicle type 1, 70% of vehicle type 2 and 20% of vehicle type 3. For direction change at intersection, it can be the same as Option A. In addition, it is suggested to randomly drop vehicle type 1 and 2 in all lanes, and type 3 only in lane 3 and 4.
2.2 Traffic models for NR-V2X
Traffic models for NR-V2X were discussed in RAN1#92bis meeting and Option 1 with periodic traffic and Option 3 with aperiodic traffic were agreed. In Option 1 (periodic traffic), if Release14 basic safety messages should be supported in NR, message size varies in time in a deterministic manner should be included. Beside Release14 traffic, many message transmissions specified for advanced V2X use cases also have a fixed size according to TR22.886 [2]. Furthermore, for vehicle platooning, some messages have wide range of payload size. In this case, it seems message size varies in time in a random manner may be also need to be evaluated. But perhaps this could be a lower priority item under the periodic traffic pattern.
Proposal 4: For periodic traffic in NR-V2X, Release 14 basic safety messages may need to be supported. And therefore, message size that varies in time in a deterministic manner should be at least supported as first priority.
Proposal 5: Periodic traffic with message size that varies in time in a random manner should be also supported as second priority.
For Option 3 with aperiodic traffic and message size that varies in time in a random manner, we see this is an extreme case of one shot transmission. Although we don’t expect this type of traffic will often occur, but in some use cases such as vehicle platooning and in some cases of advanced driving this type of traffic can happen. As such, it is suggested that this type of traffic occurs 10-15% of the total traffic.
In addition, we suggest to include also event triggered type of message transmission. In this option, messages are transmitted periodically but only for a limited duration (e.g. 500ms or 1s), and message size is fixed. Relevant use cases include, lane changing/merging in autonomous driving, road hazard indication once it is identified by UE. In terms of message size, it should be semi-persistent (fixed size) within the limited duration. But random size between different events.

Proposal 6: For aperiodic traffic with message size that varies in time in a random manner, we see this type of traffic is not dominant and suggest to model this as 10-15% of the total traffic.
Proposal 7: It is suggested to include event triggered type of traffic with messages being transmitted periodically only for a limited duration (e.g. 500ms or 1s) and the message size is constant.

2.3 Performance metric for vehicle positioning
During RAN1#92 meeting, it was agreed to introduce at least the absolute and relative UE position error as performance metrics for positioning error/accuracy. For SA1 identified services in TR22.886, these performance metrics seem sufficient to evaluate at least a relative lateral position accuracy of 0.1 meter between UEs as a general requirement and a longitudinal position accuracy of less than 0.5 meter for UEs supporting platooning as defined in [2]. However, since these advanced V2X use cases involve vehicles to operate within just a few feet from each other while traveling at a very high speed, in our view it is also equivalently important to evaluate how quickly a UE is able to determine its absolute and relative positions before this information becomes outdated. 

Therefore, an additional performance metric of positioning latency (time taken for a UE to perform estimation and determination of its absolute and relative position) should be introduced in RAN1. This new performance metric could also be used for evaluating the complexity of different positioning techniques.
Proposal 8: To ensure timely determination of UE’s position in high travelling speeds, RAN1 could additionally introduce another performance metric of “positioning latency” (defined as the time taken from start to completion for a UE to perform estimation and determination of its absolute and relative position).
3. Conclusion

In this contribution, we discussed about the remaining open items relating to evaluation scenarios of NR-V2X. Specifically, issues relating to:
· Vehicle dropping models
· Traffic models
· Vehicle positioning
In summary, we provided the following proposals:

Proposal 1: It is recommended to adopt x=2 seconds as vehicle separation distance to represent a more realistic and challenging operating environment for evaluating performance of various designs for NR-V2X.
Proposal 2: For vehicle dropping on freeway,

· For Option A, as this does not represent a typical driving condition on freeways, it is suggested to use this option only for evaluating performance of DMRS designs and set the speed to 140 km/hr.

· For Option B, we have a slight preference to set 10% of vehicle type 1, 70% of vehicle type 2 and 20% of vehicle type 3.

· For Option C, it is slightly preferred to set a max of 5 vehicles in a platoon as specified in TR22.886.

Proposal 3: For vehicle dropping in urban,

· For Option A, it is suggested to set vehicle speed to be 15km/hr for evaluating NR-V2X performance in a high traffic volume condition.

· For Option B, we have same preference to set 10% of vehicle type 1, 70% of vehicle type 2 and 20% of vehicle type 3. For direction change at intersection, it can be the same as Option A. In addition, it is suggested to randomly drop vehicle type 1 and 2 in all lanes, and type 3 only in lane 3 and 4.
Proposal 4: For periodic traffic in NR-V2X, Release 14 basic safety messages may need to be supported. And therefore, message size that varies in time in a deterministic manner should be at least supported as first priority.

Proposal 5: Periodic traffic with message size that varies in time in a random manner should be also supported as second priority.

Proposal 6: For aperiodic traffic with message size that varies in time in a random manner, we see this type of traffic is not dominant and suggest to model this as 10-15% of the total traffic.

Proposal 7: It is suggested to include event triggered type of traffic with messages being transmitted periodically only for a limited duration (e.g. 500ms or 1s) and the message size is constant.

Proposal 8: To ensure timely determination of UE’s position in high travelling speeds, RAN1 could additionally introduce another performance metric of “positioning latency” (defined as the time taken from start to completion for a UE to perform estimation and determination of its absolute and relative position).
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