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Since the SI on evaluation methodology has started, there has been a lot of email discussions. At the RAN1#92 meeting, a summary of the current discussions was submitted [1] and agreed.  This created a solid base for the eV2X evaluation methodology. However, several items still need more discussion, such as  e.g., UE drop and mobility model, traffic model, performance metrics. In this contribution, we discuss each of these open issues and provide our views on the evaluation methodology. 
Note that in companion contribution [7], we discuss the remaining issues on UE antenna model.

Traffic model  
Open Issues
There is a clear majority view to define a traffic model where the time interval between two messages generated in a given UE is not fixed but is randomly set. Three options were identified in [2]:
· Option a: When a message is generated at time t in a UE, the next message is generated at time t+X where X is a random variable.
· Option b: At a given time, message generation starts with a probability P in a UE which is not generating messages.
· Option c: Messages are periodically generated and the message generation interval is fixed like the Rel-14 periodic traffic.
In addition to the time randomness, message size randomness was discussed as well. Several possible options were proposed in [2]:
· Option 3-5a: Message size is determined according to the predefined pattern (e.g. as in Rel-14).
· Option 3-5b: Message size is randomly determined in each message generation.
· Option 3-5c: Message size is fixed.
In a first subsection, we address the time randomness aspect of the traffic model. In the second subsection, we discuss the message size
Random interval traffic model 
For Rel-14 V2X, the focus was mostly on CAM-type traffic messages since the main application was basic safety. NR-V2X encompasses a much broader range of applications, and will likely cover advanced services such as platooning, remote driving, sensor sharing, etc. It is thus necessary to model the non-periodical aspects of V2X traffic.
NR V2X, event-triggered traffic involve large volume of traffic. More specifically, the following use cases were identified by SA1 in [4]: 
· [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, so option b is preferred. Thus, we propose the following: 
Proposal 1: Event-driven traffic modeling is based on a Poisson model
Besides event triggered traffic, we note that periodic traffic with deterministic message generation interval is also needed for some use cases such automated cooperative driving for short distance grouping [4].  While the traffic is similar to the one modeled for Rel-14 V2X, the parameters such as generation interval are likely to be different. Thus, option a should be supported with X chosen to model a small jitter. 
Proposal 2: New periodic traffic data model(s) need to be defined

Message size 
The message size is application-dependent. For vehicle platooning applications in [4], the message size follows a predefined pattern similar to the Rel-14 traffic model. For extended sensor application such as real-time camera monitoring with extra-large message size should be captured, and message size can vary per message generation by the triggering event. Thus, a traffic model with varying packet size needs to be supported. The random message size can be determined by a uniform distribution in the range of [minimum message size, maximum message size], with the minimum message size and maximum message sizes taken from [5]. Thus option 3-5b should be supported. 
Proposal 3: The message size is randomly determined during message generation

gNB-type RSU deployment 
Open issues
One of the outstanding issues for the modeling grid is the RSU layout. Options were identified in [2] 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 [6]. 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 [3]. It is thus necessary for RAN1 to define RSU deployment patterns.
Proposal 4: 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 5: 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.

[image: ]
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 6: for the freeway scenario, gNB-type RSUs are uniformly distributed in the middle of the freeway with 500m spacing

Performance metrics for persistent collisions
Open issues
There seems to be consensus that new performance metrics related to persistent collision are needed [1]. In particular, the need to identify and quantify the persistent collisions was identified by RAN1. The existing PRR indicates the overall collision rate, but does not give indication as how these collisions occur (e.g., uniformly, in bursts, etc.). Several possible options are listed in [2]:
· Option 3-8-2a: PIR (Packet Inter-Reception) which was discussed during Rel-14 [4]
· Option 3-8-2b: Packet elapsed time (PET) 
· PET is defined as time interval between the timestamp of the last successfully received packet (ti) transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 0, 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).
· Option 3-8-2c: Information age (IA)
· IA is defined as time interval between the timestamp corresponding to the data contained in the last successfully received packet (ti) transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 0, 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).
· Option 3-8-2d: 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 . The total number of n consecutive packets losses across all the links is defined as. Then the CDF/PDF of n-CPL is generated based on , n = 0, 1, 2,…, max_n. Note that for n=0,  is defined as the number of packets received correctly on link i.
Discussion
An additional performance metric for persistent collision is necessary for NR V2X evaluation because given a packet loss value, consecutive packet loss is more harmful than randomly distributed packet loss. The 4 proposed options have the following characteristics: 
· PIR, PET and IA focus more on packet reception interval, and do not provide information about how many packets were missed. For instance, UE A and UE B have the same PIR/PET/IA of 500ms with traffic periodicities of 500ms and 100ms, respectively. In this case UE A has no packet loss, whereas UE B experiences a serious consecutive packet loss. Thus, these three metrics are not fully suitable. This is even more problematic for non-periodic traffic models.
· For n-CPL, the number of consecutive missing packets is counted directly. Therefore, it can reflect the consecutive packet loss irrespective of traffic periodicity. We suggest to use n-CPL as the performance metric for persistent collision.
Proposal 7: n-CPL is adopted as a performance metric for persistent collision.

UE drop and mobility model
In terms of radio link characteristics, vehicle platooning scenario has some differences with other use cases since is requires a group of vehicles operating closely to each other. A new layout is needed to cover this use case. In particular, a platooning vehicle has several unique characteristics: much closer inter-vehicle-distance, fixed relative position between vehicles from the same platooning. The following additional specific parameters are needed for vehicle platooning:
•	percentage of platooning vehicles out of total vehicles, e.g. 15~20%
•	number of vehicles in a platooning, e.g. 2~5 [4].
· inter-vehicle distance between platooning members, e.g. 1~1.5s * vehicle speed
Proposal 8: Develop at least one scenario with vehicle platooning for the freeway scenario, with the following additional UE dropping and mobility parameters:
· Percentage of platooning vehicles
· Number of vehicles in a platoon
· Inter-vehicle distance

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: Event-driven traffic modeling is based on a Poisson model
Proposal 2: New periodic traffic data model(s) need to be defined
Proposal 3: The message size is randomly determined during message generation
Proposal 4: RAN1 to define a RSU deployment pattern for both urban grid and freeway scenarios
Proposal 5: 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 6: for the freeway scenario, gNB-type RSUs are uniformly distributed in the middle of the freeway with 500m spacing
Proposal 7: n-CPL is adopted as a performance metric for persistent collision.
Proposal 8: Develop at least one scenario with vehicle platooning for the freeway scenario, with the following additional UE dropping and mobility parameters:
· Percentage of platooning vehicles
· Number of vehicles in a platoon
· Inter-vehicle distance
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