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1. Introduction
A new study item on evaluation methodology of new V2X use cases for LTE and NR was approved in [1]. This paper provides our view on the evaluation scenarios for new V2X use cases. 

2. Discussion on scenarios and vehicle dropping
Regarding the issue on prioritizing use case(s) among the four categories – vehicle platooning, extended sensors, advanced driving, remote driving, we think that it is motivated to reduce the number of simulation scenarios. We understand that “use case A is prioritized over use case B” in this evaluation methodology study means “evaluation scenario targeting use case A” can be sufficient to assess the radio performance of a technology to be used for use case B. We would like to emphasize that RAN1 study is to evaluate the radio performance, not to evaluate each eV2X application. Thus, simulation scenario can be set considering more challenging use cases because a solution that meets the radio requirement can be used for less challenging ones.  In this sense, the extended sensors and advanced driving can be “prioritized” in this study. This is because their SA1 requirements are in general more stringent than those of vehicle platooning and the number of vehicles participating in platooning is expected to be smaller than those participating in the two use cases. In addition, these two use cases (i.e., extended sensors and advanced driving) are also related to the 6 use case prioritized in 5GAA (Intersection movement assist, Software update, Realtime situational awareness and high definition map, See through, Cooperative lane change for autonomous vehicles, vulnerable road user detection). But it should be clear that this does not imply any prioritization in studying technical solutions later.
Furthermore, the simulation for each use case should be performed prior to that for “mixed scenario of different use cases”, from which we can check whether a certain technical solution satisfies the requirement of each use case. At this moment, it is unclear what additional aspect needs to be evaluated with the mixed scenario.
Proposal 1: In this SI on evaluation methodology, the extended sensors and advanced driving can be “prioritized” to reduce the number of simulation scenarios, considering that the purpose of RAN1 study is to evaluate the radio performance of a technology necessary for application(s), not to evaluate each eV2X application itself. 
Proposal 2: Simulation for each use case should be performed prior to that for “mixed scenario of different use cases” considering that it is unclear what additional aspect needs to be evaluated with the mixed scenario.

In RAN1#92 meeting, for reflecting the practical road situation, there was a proposal to introduce the dropping of vehicles with the heterogeneous antenna height and/or size. For this new modeling, at least it needs to discuss method of dropping vehicles with different types, target scenario, ratio of different vehicle types, antenna height/size of vehicle, etc. If it is introduced, we can consider that it is applied only to the freeway case to reduce the simulation complexity. In addition, it can consider two dropping options such as grouped dropping for a specific vehicle type (e.g., truck/bus) and random dropping regardless of vehicle types.
Observation 1: If the dropping of vehicles with the heterogeneous antenna height and/or size is introduced, to reduce the simulation complexity, it can consider a narrow down of scenarios to which it applies (e.g., freeway case only).

On the following parameters for vehicle UE dropping in [2], during the email discussion [90-30], there were concerns from several companies about the suitability of vehicle speed and inter-vehicle distance for Urban grid considering the practical road environment and vehicle size. 
	Urban grid for eV2X
	Highway for eV2X

	Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m) in [3]
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed (average speed 15 – 120km/h) in [3]

Note: Inter-vehicle distance is tentative. After SA1 input, it can be modified.
	Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5 sec or 1sec * average vehicle speed (average speed: 100-300 km/h) in [3]

Note: Inter-vehicle distance is tentative. After SA1 input, only one value will be selected.


We think that the parameters of vehicle UE dropping assumed in Rel. 14 can at least be considered for both below and above 6 GHz. The candidate parameters and corresponding values are as follows. Further discussion is needed on how to define these parameters for targeting denser and faster vehicle speed scenarios and whether/how to consider a case where vehicle speed is different for each direction.
· Vehicle UE density 
· Urban case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 15/60 Km/h
· Freeway case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 70/140 Km/h
Proposal 3: Regarding the vehicle UE dropping for both below and above 6 GHz, the following parameters assumed in Rel. 14 can at least be considered. FFS on how to define these parameters for targeting denser and faster vehicle speed scenarios and whether/how to consider a case where vehicle speed is different for each direction.
· Vehicle UE density 
· Urban case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 15/60 Km/h
· Freeway case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 70/140 Km/h

3. Discussion on traffic model
In the email discussion [90-30], most companies seem to agree that it is necessary to define a traffic model where the time interval between two messages generated in a given UE is not fixed but random during the simulation runtime. Based on the received input, the following options for modelling this feature were listed in [4].

	· Option 3-4a: 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 3-4b: At a given time, message generation starts with a probability P in a UE which is not generating messages.
· In this option, further detail is needed on the message generation after its start. This includes when the message generation finishes in a UE and how the message generation interval is defined after the generation start.
· Option 3-4c: Messages are periodically generated and the message generation interval is fixed like the Rel-14 periodic traffic.
· Option 3-4d: ?



One potential difference of new V2X services from those considered in Rel. 14/15 can be handling traffic patterns whose message generation instance is not deterministic. For example, applications such as extended sensors can generate a message after detecting some objects with sufficient confidence level (e.g., as being developed in ETSI TR 103 562 for collective perception service (CPS)). The relevant contents in [6] is provided in Table A-1 of Appendix A. Option 3-4a properly describes such characteristics, so it should be included in the evaluation methodology while details of the random variable X can be derived from SA1 requirements not excluding the possibility of having multiple options depending on the target scenario and use case. In addition, considering the interval between packet arrival times is bounded in CPS of ETSI TR 103 562 (e.g., from 200ms to 1000ms), it can be modeled that the random variable X has the uniform distribution within the bounded range of [a, b]. As the time randomness can be sufficiently evaluated using Option 3-4a, we don’t see a need to introduce Option 3-4b especially considering the system simulation typical runtime which may not be sufficient to collect sufficient statistics of “start and end of message generation.” Option 3-4c can be included as a special case of Option 3-4a by having an option where X is a fixed value. Furthermore, considering the difficulty of analysis and the uncertainty of necessity, it can be defined as the baseline that all the vehicle have the same traffic characteristic of traffic in one simulation drop. 
Proposal 4: The following framework is used for the traffic model.
· 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. 
· The details of the random variable X can be derived from SA1 requirements.
· Multiple statistics of X are considered in order to model different traffic generation types.
· E.g., considering the interval between packet arrival times is bounded in CPS of ETSI TR 103 562 (i.e., from 200ms to 1000ms), it can be modeled that the random variable X has the uniform distribution within the bounded range of [a, b].
Proposal 5: Considering the difficulty of analysis and the uncertainty of necessity, it can be defined as the baseline that all the vehicles have the same traffic characteristic in one simulation drop.

4. Discussion on performance metric
Based on the received input in the email discussion [90-30], the following options for modelling the metric for persistent collision were listed in [4].

	· Option 3-8-2a: PIR (Packet Inter-Reception) which was discussed during Rel-14 [5]
· 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.
· Option 3-8-2e: ?



We think that further elaboration is necessary for “the current timestamp” in Option 3-8-2b and 3-8-2c. To be specific, it is unclear how to determine the current timestamp of the packets generated during the simulation runtime and how to collect the statistics of the proposed metric. Considering that the persistent collision metric needs to properly capture the statistics of “consecutive message loss” and correctly handle the case of traffic model with “time-varying message generation interval”, Option 3-8-2d can be a starting point from our perspective.
Proposal 6: The following can be a starting point for modeling the metric for persistent collision.
· 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.

For evaluating the scenarios of unicast or multicast, the following “Alt. 2” (agreed in [85-15] and RAN1#86) can be used as performance metric. For example, the intended set of receiver UEs in Alt. 2 can be pre-determined in order to see the performance of message delivery to a closed group of UEs, e.g., in vehicle platooning. This pre-determined set of UEs can be defined as the UEs within a given distance and/or number of hops from a chosen UE. We also note that transmission to a pre-determined set of UEs may not be limited to vehicle platooning; in see-through case, for example, messages may need to be delivered to the UEs within one or a few hops behind the transmitter.
	· CAR (Communication Availability and Resilience) = (1-X)*(1-Y)
· CAR metric is used for 1) sidelink only, 2) downlink only, or 3) uplink only simulation. 
· For the other case, the equation can be modified.
· 1-X represents the availability of the communication connection, where X is the time portion during which the communication is interrupted by handover failure or link failure.
· X is simulated like mobility management similar to HetNet mobility in TR 36.839.
· Depending on application, X can be prefixed without evaluation of X, e.g., X=0 for sidelink.
· 1-Y represents the resilience of the communication scheme:
· Alt. 1: (1-Y) is simulated as PRR (packet reception ratio) within a specific range as defined in TR 36.885.
· Alt. 2: (1-Y) is the packet reception ratio calculated on a subset of UEs:
· For one Tx packet, 1-Y 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. 
· Unicast is the special case where Z includes a single UE, where the PRR is average of packets of the unicast link
· Depending on the application, choose Alt. 1 and/or Alt.2.
· X and Y are simulated each. And those are used to calculate (1-X)*(1-Y).
· The packet which is correctly received within D ms is regarded as successfully received packet. (NOTE: re-transmission is allowed within the latency bound.)
· The requirement for the reliability and the latency depends on the targeting use cases.
· The reliability and latency requirement is defined based on single communication pair.


Proposal 7: For evaluating the scenarios of unicast or multicast, the “Alt. 2” (agreed in [85-15] and RAN1#86) can be used as performance metric, and further discussion is necessary on how to determine the intended set of receiver UEs in Alt. 2.

Furthermore, for the evaluation of vehicle positioning, as the vehicle speed and the required positioning accuracy are high, it would be useful to consider the latency in acquiring the position of each vehicle. The latency metric can be defined as time between the start and completion of position acquisition procedure.
Proposal 8: For evaluating the vehicle positioning, the metric for latency (e.g., time between the start and completion of position acquisition procedure) can be considered. 

5. Conclusion
In this contribution, it was discussed on the evaluation scenarios for new V2X use cases. The following proposals were made:
Proposal 1: In this SI on evaluation methodology, the extended sensors and advanced driving can be “prioritized” to reduce the number of simulation scenarios, considering that the purpose of RAN1 study is to evaluate the radio performance of a technology necessary for application(s), not to evaluate each eV2X application itself. 
Proposal 2: Simulation for each use case should be performed prior to that for “mixed scenario of different use cases” considering that it is unclear what additional aspect needs to be evaluated with the mixed scenario.
Observation 1: If the dropping of vehicles with the heterogeneous antenna height and/or size is introduced, to reduce the simulation complexity, it can consider a narrow down of scenarios to which it applies (e.g., freeway case only).
Proposal 3: Regarding the vehicle UE dropping for both below and above 6 GHz, the following parameters assumed in Rel. 14 can at least be considered. FFS on how to define these parameters for targeting denser and faster vehicle speed scenarios and whether/how to consider a case where vehicle speed is different for each direction.
· Vehicle UE density 
· Urban case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 15/60 Km/h
· Freeway case
· Average inter-vehicle distance  in the same lane = 2.5 sec * 70/140 Km/h
Proposal 4: The following framework is used for the traffic model.
· 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. 
· The details of the random variable X can be derived from SA1 requirements.
· Multiple statistics of X are considered in order to model different traffic generation types.
· E.g., considering the interval between packet arrival times is bounded in CPS of ETSI TR 103 562 (i.e., from 200ms to 1000ms), it can be modeled that the random variable X has the uniform distribution within the bounded range of [a, b].
[bookmark: _GoBack]Proposal 5: Considering the difficulty of analysis and the uncertainty of necessity, it can be defined as the baseline that all the vehicles have the same traffic characteristic in one simulation drop.
Proposal 6: The following can be a starting point for modeling the metric for persistent collision.
· 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.
Proposal 7: For evaluating the scenarios of unicast or multicast, the “Alt. 2” (agreed in [85-15] and RAN1#86) can be used as performance metric, and further discussion is necessary on how to determine the intended set of receiver UEs in Alt. 2.
Proposal 8: For evaluating the vehicle positioning, the metric for latency (e.g., time between the start and completion of position acquisition procedure) can be considered. 
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Appendix A. 
Table A-1: Collective Perception Message (CPM) triggering conditions in ETSI TR 103 562 [6]
	4.3	CPM trigger conditions 

The following paragraphs discuss two possible approaches for transmitting the information related to Collective Perception. 
4.3.1	Periodic Transmission

The host-ITS-S should send a CPM, whenever it has detected at least one object with sufficient level of confidence that needs to be exchanged with neighbouring ITS-Ss. Even if no objects are selected for transmission, the ITS-S should send CPM at a minimum frequency to inform that it did not detect an object and to indicate its ability to share perceived objects. CPMs disseminated at the minimum frequency shall include at least the FoV Container. As a result, receiving ITS-Ss are able to derive their combined FoV.

Concerning the inclusion of detected objects, the CP service aims at addressing the trade-off which needs to be faced concerning object age and channel utilisation: From the perspective of prospective applications employing information received by the CPMs, the contained information should be as detailed as possible and updated information shall be provided as often as possible. From the perspective of the ITS-G5 stack, channel utilisation shall be minimised, therefore demanding shorter message size and lower transmission frequencies. 

To reduce the resulting message size, objects need to be assessed prior to their transmission, as outlined in Clause 6.2.1.

The CPM generation frequency is managed by the CP basic service; it defines the time interval between two consecutive CPM generations. The upper and lower limits of the transmission interval are set as follows:

· The CPM generation interval shall not be inferior to T_GenCpmMin = 200 ms. This corresponds to the CPM generation rate of 5 Hz.
· The CPM generation interval shall not be superior to T_GenCpmMax = 1 000 ms. This corresponds to the CPM generation rate of 1 Hz.

The parameter T_GenCpm_Dcc shall provide the minimum time interval between two consecutive CPM generations in order to reduce the CPM generation according to the channel usage requirements of Decentralized Congestion Control (DCC) as specified in ETSI TS 102 724 [i.14]. This facilitates the adjustment of the CPM generation rate to the remaining capacity of the radio channel in case of channel congestion. The parameter T_ GenCpm_Dcc shall be provided by the management entity as specified in clause TODO in the unit of milliseconds. The value range of T_GenCpm_DCC shall be limited to T_GenCpmMin ≤ T_GenCpm_DCC ≤ T_GenCpmMax. If the management entity provides this parameter with a value above T_GenCpmMax, T_GenCpm_DCC shall be set to T_GenCpmMax and if the value is below T_GenCpmMin or if this parameter is not provided, the T_GenCpm_Dcc shall be set to T_GenCpmMin.

The parameter T_GenCpm represents the currently valid upper limit of the CPM generation interval. The default value of T_GenCpm shall be T_GenCpmMax. T_GenCpm shall be set to the time elapsed since the last CPM generation, if a CPM is triggered according to the conditions outlined below.

The trigger to send a CP message is made per message. The following conditions shall be satisfied to send a CPM:

1. The time elapsed since the last CPM generation is equal to or greater than T_GenCpm.
2. The FoV-Container needs to be included, after T_GenCpmMax, even in case no objects are perceived by the transmitting ITS-S.
3. A CPM needs to be send, whenever at least one object is selected for transmission


Figure A-1: Environmental Perception Message Structure (* indicates optional datafields) in [7]
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