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At the RAN1#92bis meeting, a summary of the current discussions and consensus on the NR evaluation methodology was submitted [1] with agreements on a set of core issues.  This created a solid base for the NR V2X evaluation methodology. However, a few items still need more discussion, such as traffic model, RSU deployment, UE drop and mobility model and performance metrics. In this contribution, we discuss each of these open issues and provide our views on the evaluation methodology. 

Traffic model  
Open Issues
It was agreed in RAN1#92bis that two options were supported: 
· Periodic traffic based on: strictly periodic
· 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: generation with a random time elapsing after the previous generation
· 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.
Message size for periodic traffic model
The message size is application-dependent, and therefore a traffic model with varying packet size needs to be supported. SA1 already defines NR V2X services with multiple message size requirements [2] [3], ranging from dozens of bytes to thousands of bytes. For instance, with cooperative driving for vehicle platooning, the information exchange between a group of UEs supporting V2X application requires 50-1200 Bytes payload. Information sharing for the purpose of automated driving between UEs supporting V2X application requires at least a 6500 Bytes payload. Some of these applications have a periodic traffic. A straightforward way to model this traffic is to use a deterministic approach to define the message size. In addition, several options are needed to cover the wide range of possible data rates.
Proposal 1: Three types of Message size are defined for periodic traffic models:
· Type 1: 10ms periodicity with a message size pattern {1200 bytes, 760 bytes, 760 bytes, 760 bytes, 760 bytes } 
· Type 2: 100ms periodicity with a message size pattern {6500 bytes, 2000 bytes, 2000 bytes, 2000 bytes, 2000 bytes } 
· Type 3: 100ms periodicity with a message size pattern {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes } 
Random interval for aperiodic traffic model
NR-V2X encompasses a broad range of applications, and will cover advanced services such as platooning, remote driving, sensor sharing, etc. It is thus necessary to model the aperiodic aspects of V2X traffic. Aperiodic traffic (i.e. event-trigger traffic) involves a large volume of traffic. More specifically, the following use cases were identified by SA1 in [3]: 
· [bookmark: _Toc468111460]Collective perception of environment (CPE), which can be triggered by imminent collision Cooperative collision avoidance (CoCA) of connected automated vehicles, which can be triggered by collision risk 
· Video data sharing for assisted and improved automated driving (VaD), which can be triggered by visual range obstruction 
· Emergency trajectory alignment, which can be triggered by unexpected road conditions such as road blocks.
Generally speaking, the occurrence of such events is modeled with a Poisson process based on FTP Traffic Mode 3. Packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue. A potential issue with FTP 3 is that two consecutive events can be separated by an extremely short amount of time. In order to alleviate that, a constant can be added to the Poisson distribution to ensure that two events have a minimum separation time. 

Proposal 2: Inter-packet arrival time for aperiodic traffic is determined by a positive constant value plus Poisson distribution.
· Event arrival follows Poisson process with the arrival rate λ per second. Once event triggered, X1 messages are generated with space of X2 ms, where the positive value is (X1 – 1) * X2.
· λ = 2; X1 = 6; X2 = 20.
· Message size is determined from a uniform random value from range [300, 12000] bytes for each generation.

gNB-type RSU deployment 
Open issues
One of the outstanding issues for the modeling grid is the RSU layout. Options were identified in [4] and are listed in Table 1.
[bookmark: _Ref502922319]Table 1. RSU deployment options.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Layout
	Option 1: Macro only (with the road configuration in Figure 6.1.9-1 in [2])

Note: Out of coverage can be evaluated assuming eNB to be disabled.
	Option 1: Macro only (straight line eNB placement with Road configuration in [3])

Note: Out of coverage can be evaluated assuming eNB to be disabled.

	Inter-BS distance
	Inter Macro: 500m
	Inter Macro: 1732m, 500m (optional) 

	RSU
	FFS
	FFS



[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The RSU was introduced as a new entity for V2X over infrastructure to support V2I/V2V/V2N service that can transmit to and receive from a Vehicle UE. A RSU can be characterized as gNB-type RSU and UE-type RSU. A gNB-type RSU is capable of some gNB functionalities, and may have less complexity and lower cost than a full gNB. In this section, we focus on gNB-type RSU only and simply refer to them as RSU.
The minimum inter-BS distance in current BS deployment layout is 500m for both urban grid and freeway scenario [5]. While this may be sufficient for some V2X environments, it is beneficial to evaluate performance for denser RSU deployments, to capture effects due to higher path loss propagation, for high traffic demand areas, and to support data-intensive advanced V2X services defined in [2][3]. It is thus necessary for RAN1 to define RSU deployment patterns.
Proposal 3: RAN1 to define a RSU deployment pattern for both urban grid and freeway scenarios

Urban scenario
A RSU can be deployed on roadside infrastructure, such as a roadway light post. The RSU density should be dependent on the traffic volume in a particular geographic area. In order to evaluate the performance in V2X communication in an urban scenario, we propose the road configuration and gNB and RSU model as depicted in figure 1 and figure 2, respectively.
Proposal 4: For the urban scenario, gNB-type RSUs are evenly deployed on one side of the roadway on each road, with an inter gNB-type RSU distance of 200m.
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Figure 1. Road configuration for urban grid case
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Figure 2. Wrap around gNB and gNB-type RSU model for urban grid case
Freeway scenario
In the freeway scenario, the density of RSUs deployment in freeway case generally is lower than that for the urban case. We propose to uniformly distribute RSUs with 500m spacing, and to have them located in the middle of the freeway. The layout deployment is depicted in Figure 3 and Figure 4, respectively.

[image: ]
Figure 3. Road configuration for freeway case
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Figure 4. Wrap around gNB and gNB-type RSU model for freeway case
Proposal 5: for the freeway scenario, gNB-type RSUs are uniformly distributed in the middle of the freeway with 500m spacing

UE drop and mobility model
Open Issues
It is agreed in RAN1#92bis as follows:
· 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.
· For freeway scenario, three options are supported:
· 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.
· For urban scenario, two options are supported, one of which, i.e. option B:
· 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)
Inter-vehicle distance
It is necessary to ensure that NR V2X can provide high data rates with high levels of reliability in the most stringent environments. For LTE V2X, the evaluations were conducted with a 2.5s inter-vehicle distance. For NR-V2X, denser environments should be considered. We propose to use an average inter-vehicle distance corresponding to a time difference of 2s. This can be modeled with an exponential distribution. The tail of the distribution is cut off at 1m to make sure that two vehicles do not overlap.
Proposal 6: The inter-vehicle distance is modeled as follows for the non-clustered model: 
· Inter-vehicle distance = Max{ 1, an exponential random variable with the average of the speed * 2 sec}

Clustered vehicle dropping model in freeway scenario
The principles of the clustered dropping model were agreed at RAN1#92b. To avoid any ambiguity and make sure that all companies deploy the vehicles in the same way, we propose to use the following procedure: 
Proposal 7: Details of clustered dropping model are as follows:
· Step-1: A vehicle is dropped with a probability of 67% of being Type-2 and 33% of being Type-3. 
· Step-2: When a type-3 vehicle is drawn in Step 1, an additional 5 Type-3 vehicles are dropped in a row to form a cluster. The inter-vehicle distance is set to 2m. 
· Step-3: Next 5 consecutive occurrences of Type-3 vehicle according to step-1 followed by the 1st occurrence of Type-3 vehicle are discarded in order to maintain the 2/3-1/3 ratio of vehicle types.
· Repeat procedure until all lanes are filled

Vehicle dropping in urban scenario
With the agreement of RAN1#92b, vehicles in all lanes in North-South direction are stationary. This creates a very large vehicle density with the inter-vehicle distance of 1m. This creates significant simulation complexity. Thus, we suggest to have a reduced layout to save simulation runtime. We propose to model a single intersection. 4 roads are modeled (2 vertical, 2 horizontal) as shown in Figure 5.



Figure 5. A single intersection layout

Proposal 8: Add a reduced layout for different vehicle density in different directions in urban scenario 
· 4 roads with 2 vertical and 2 horizontal
  
Performance metrics for persistent collisions
Packet Inter-Reception
Open issues 
It was agreed in RAN1#92bis to adopt the following metric for persistent collision
· Packet Inter-Reception (PIR)
· Time elapsed between two successive successful receptions of two different packets transmitted from node A to node B for the same application. 
· FFS how to collect results of PIR
Collection of PIR results 
The CDF of PIR per UE/cluster/group needs to be collected for analysis of unicast/groupcast communication. In addition, CDF of PIR of all UEs needs to be collected to reflect the overall system performance. However, in order to avoid edge effects, it is beneficial to define a range where statistics are collected. This can be done by defining a rectangular area where statistics are collected i.e. entity B (vehicle UE, RSU, etc.) within distance a in one direction and b in another direction from node A. 
Proposal 9: PIR is collected as time elapsed between two successive successful receptions of two different packets transmitted from node A to node B, where B is located in the range (a, b) from node A
· CDF of PIR per UE/cluster/group with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
· CDF of PIR with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
Throughput
Open issues 
SA1[2] defined data rate requirements for advanced V2X services, and some use cases require very high throughput. Thus, throughput should be used as one of performance metrics to evaluate high data rate use cases.
Collection of throughput results 
Proposal 10: Throughput is used as one of performance metrics.
· Throughput is collected as amount of data over a period of time successfully received by node B from node A.
· CDF of throughput (Mbps) per UE/cluster/group.

Conclusions
This contribution has provided our view on the remaining details on RSU deployment pattern in NR V2X. The following proposals have been made: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Three types of Message size are defined for periodic traffic models:
· Type 1: 10ms periodicity with a message size pattern {1200 bytes, 760 bytes, 760 bytes, 760 bytes, 760 bytes } 
· Type 2: 100ms periodicity with a message size pattern {6500 bytes, 2000 bytes, 2000 bytes, 2000 bytes, 2000 bytes } 
· Type 3: 100ms periodicity with a message size pattern {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes } 
Proposal 2: Inter-packet arrival time for aperiodic traffic is determined by a positive constant value plus Poisson distribution.
· Event arrival follows Poisson process with the arrival rate λ per second. Once event triggered, X1 messages are generated with space of X2 ms, where the positive value is (X1 – 1) * X2.
· λ = 2; X1 = 6; X2 = 20.
· Message size is determined from a uniform random value from range [300, 12000] bytes for each generation.
Proposal 3: RAN1 to define a RSU deployment pattern for both urban grid and freeway scenarios
Proposal 4: For the urban scenario, gNB-type RSUs are evenly deployed on one side of the roadway on each road, with an inter gNB-type RSU distance of 200m.
Proposal 5: for the freeway scenario, gNB-type RSUs are uniformly distributed in the middle of the freeway with 500m spacing
Proposal 6: The inter-vehicle distance is modeled as follows for the non-clustered model: 
· Inter-vehicle distance = Max{ 1, an exponential random variable with the average of the speed * 2 sec}
Proposal 7: Details of clustered dropping model are as follows:
· Step-1: A vehicle is dropped with a probability of 67% of being Type-2 and 33% of being Type-3. 
· Step-2: When a type-3 vehicle is drawn in Step 1, an additional 5 Type-3 vehicles are dropped in a row to form a cluster. The inter-vehicle distance is set to 2m. 
· Step-3: Next 5 consecutive occurrences of Type-3 vehicle according to step-1 followed by the 1st occurrence of Type-3 vehicle are discarded in order to maintain the 2/3-1/3 ratio of vehicle types.
· Repeat procedure until all lanes are filled
Proposal 8: Add a reduced layout for different vehicle density in different directions in urban scenario 
· 4 roads with 2 vertical and 2 horizontal
Proposal 9: PIR is collected as time elapsed between two successive successful receptions of two different packets transmitted from node A to node B, where B is located in the range (a, b) from node A
· CDF of PIR per UE/cluster/group with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
· CDF of PIR with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
Proposal 10: Throughput is used as one of performance metrics.
· Throughput is collected as amount of data over a period of time successfully received by node B from node A.
· CDF of throughput (Mbps) per UE/cluster/group.
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