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In RAN1#85 email discussion [85-15], performance metrics for eV2X were discussed and the following agreements are reached:
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 TR36.839.
· 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 TR36.885.
· Alt. 2: (1-Y) is simulated as a function of packet reception ratio per link.
· Detailed method for Alt. 2 is further studied in RAN1#86.
· 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
In this contribution, we discuss some remaining details of the performance metric CAR (communication and availability resilience). In addition, some eV2X scenarios were discussed and agreed in RAN#72 and SA1#74, which are also discussed in the latter part of this contribution. 
Performance metric of CAR
CAR metric for sidelink and Uu
In recent RAN2#94 V2V WI discussions [2], it was agreed that 
For mode 1, (exceptional) Tx resource pool configurations for the target cell can be signaled in the handover command.   
Such exceptional resource pool configurations can be used under handover or link failure as well. Based on this observation, for either Mode 1 or Mode 2 operating on sidelink, UE is still capable of using the exceptional Tx resource pool for V2V communications in case of handover or link failure. The CAR metric in its current form assumes no counter-measures are taken in case of handover or link failure, which can be viewed as a performance lower bound. 
On the other hand, an objective in the Rel-14 V2V WI is [3]
To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups
Therefore, for V2V communications over Uu, in case of handover or link failure on Uu, it may be possible to support switching Uu transport of V2V messages to PC5. Thus, similar conclusions can be drawn as in the sidelink case.
Observation 1:  For both sidelink and Uu, the CAR performance metric can be viewed as performance lower bound for eV2X. 
Proposal 1:  Companies are encouraged to take into account the counter-measures considered in Rel-14 LTE-V2X in case of handover or link failure to improve the CAR performance metric.
Evaluation of communication resilience (1-Y)
Alt. 1: PRR (packet reception ratio) within a specific range as defined in TR36.885
According to TR 36.885 [4], the performance metric of PRR is defined as the following:
· Packet Reception Ratio (PRR) :
· For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. CDF of PRR and the following average PRR are used in evaluation
· CDF of PRR 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.
· Average PRR, calculated as (X1+X2+X3….+Xn)/(Y1+Y2+Y3…+Yn) where n denotes the number of generated messages in simulation. with a = i*20 meters, b = (i+1)*20 meters for i=0, 1, …, 25
In general, we think PRR can be largely reused for eV2X performance evaluation with some modification on the communication ranges. In Rel-14 LTE-V2X performance evaluation, the communication range assumption for different scenarios and vehicle speeds are:
· 320 meters for Freeway for absolute vehicle speed up to 140km/h,
· 150 meters for Urban with absolute vehicle speed of 60km/h, and
· 50 meters for Urban with absolute vehicle speed of 15km/h.
The philosophy of evaluating different communication ranges in different scenarios is that a minimum time required for the triggering of a driver warning is guaranteed.  This minimum time is considered to be 4 second in Rel-14 LTE-V2X, which takes into account driver reaction time, the deceleration capacities of the vehicle, as well as a certain amount of safe time margin. As a result, the effective communication range is calculated as 4 second TTC (Time To Collision) at the maximum relative speed, plus some safety margin distance. 
One distinct feature of eV2X is that a certain level of automation is assumed in vehicles. Compared with R14 LTE-V2X, which mainly targets information and warning services, eV2X use cases normally assume active intervention from the vehicle control system to address safety hazards. This allows faster-than-human reaction time and thus reduced total response time, which translates into reduction of the required communication range. 
Proposal 2:  PRR can be reused as a performance metric to evaluate eV2X safety-related use case. Some parameters such as communication range can be updated considering reduced total response time due to certain level of vehicle automation. 
Alt. 2: A function of packet reception ratio per link
In [1], it is agreed that (1-Y) is simulated as the reliability of a specific link, or a function of the packet reception ratio per link, as alternative 2 for the calculation of performance metric CAR. For eV2X, especially for eV2V, the vehicles keep on moving and communicating within a specific range. In such a dynamic topology environment, each communication link established between two vehicles may sustain for a limited amount of time. To evaluate 99.999% reliability, usually more than 1,000,000 packets transmission per link are needed in order to calculate the packet drop rate, which is a challenge because a large simulation time is required to generate so many packets for a specific link. 

An alternative way for evaluating the reliability (packet reception ratio) of a link is proposed in [7]. Assume Ki packets are sent on the i-th link (to the i-th destination vehicle). For the k-th packet of the i-th link, its reliability Ri,k needs to be predicted according to channel condition or SINR. Then the reliability of the i-th link is predicted as .
An alternative way to predict Ri,k is as follows. Assume there could be N re-transmissions within the latency requirement, and BLERn is the block error rate for the n-th transmission that can be obtained from link-to-system mapping according to SINRn (the SINR at the instance of the n-th transmission) and the re-transmission combining schemes (if n>1), and other necessary information (e.g., MCS, etc.). In the case of independent of noise and interference for successive instances, Ri,k is given as

 								(1)
Observation 2: Conventional evaluation methodology is not suitable for the simulation of packet reception per link for 99.999% reliability.
Proposal 3: For eV2X use cases, consider equation (1) to predict the reliability of a packet for a specific link for Alt. 2 in case of independent noise and interference.
Simulation scenario
Agreed eV2X scenario in RAN2#72
SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL. In RAN#72 meeting, it was agreed to use a closer inter-RSU distance [5], the details is as below:
1) For highway scenario, Inter-RSU distance = 50m or 100m.
2) For urban grid scenario, RSU at each intersection for Option 2, other values (50m and 100m) should also be considered for option 2.
The agreement from RAN#72 meeting is a reasonable input to RAN1 discussion about system level simulation assumption. It is proposed to reuse these values for RAN1.
Proposal 4: The inter-RSU distance assumption value agreed in TR38.913 can be considered in RAN1.
eV2X scenarios in SA1#74
SA1#74 has agreed upon some use cases related to connected vehicles in [6]. Some of the requirements relevant to air-interface design are extracted below for each agreed use case. While some details are still being discussed, it is believed that these use cases and requirements can be used to create a framework for evaluation of vehicular communications in these settings.
An appendix shows the current discussion in SA1.
Proposal 5: Take SA1’s eV2X use cases and the associated requirements into account when further refining evaluation parameters.
Conclusion
In this paper, scenarios and evaluation methods for eV2X were discussed. The following observation and proposals are made:
Observation 1:  For both sidelink and Uu, the CAR performance metric can be viewed as performance lower bound for eV2X. 
Observation 2: Conventional evaluation methodology is not suitable for the simulation of packet reception per link for 99.999% reliability.
Proposal 1:  Companies are encouraged to take into account the counter-measures considered in Rel-14 LTE-V2X in case of handover or link failure to improve the CAR performance metric.
Proposal 2:  PRR can be reused as a performance metric to evaluate eV2X safety-related use case. Some parameters such as communication range can be updated considering reduced total response time due to certain level of vehicle automation. 
Proposal 3: For eV2X use cases, consider equation (1) to predict the reliability of a packet for a specific link for Alt. 2 in case of independent noise and interference.
Proposal 4: The inter-RSU distance assumption value agreed in TR38.913 can be considered in RAN1.
Proposal 5: Take SA1’s eV2X use cases and the associated requirements into account when further refining evaluation parameters.
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Appendix Use cases related to connected cars in SA1
The following use cases related to connected cars are discussed in SA1.
A.1	Vehicle Platooning
Platooning consists of operating a group of vehicles, so that the vehicles move like a train. 
· End-to-End latency: [25 ms]
· Message size: [300byte-400byte]
· Message arrival rate at vehicle: [30Hz] 
· Traffic generation: [TBD] 
· Reliability (probability of receiving message correctly within the latency bound): [99%]
· Vehicle speed: [TBD]
· Deployment scenario to use: [TBD]
A.2	Cooperative Short Distance Grouping
Cooperative Short Distance Grouping refers to the scenario where the distance between vehicles such as trucks are extremely small (smaller than platooning) – creating a desirable form of legal tailgating.
· End-to-End latency: [3ms]
· Message size: [50byte]
· Message arrival rate: [100Hz] 
· Traffic generation: [TBD]
· Reliability: [99.999%]
· Vehicle Speed: [TBD]
· Deployment Scenario: [TBD]
A.3	Sensor and State Map Sharing
Sensor and state map sharing enables sharing of raw or processed sensor data to build collective situational awareness.  
· End to End latency: [10 ms]
· Message size: [TBD]
· Message arrival rate at vehicle: [TBD]
· Reliability (probability of receiving message correctly within the latency bound): > [95%]
· Vehicle speed: [TBD] 
· Deployment scenario to use: [TBD] 
A.4	Remote Driving
Remote driving is a concept to control vehicles remotely by either a human operator or due to cloud computing. 
· End to End latency: [5 ms]
· Offered Traffic: DL [5Mb/s], UL [50Mb/s] 
· Message size: [TBD]
· Reliability (probability of receiving message correctly within the latency bound): > [99.999%]
· Vehicle speed: [250 km/h] 
· Deployment scenario to use: [TBD] 
A.5	Collective Perception of Environment
Vehicles achieve cooperative perception from message exchange related to Collective Perception of Environment (CPE).
· End-to-End Latency: [100 ms]
· Message size: [1600 byte]
· Message arrival rate at vehicle: [5Hz – 10Hz]
· Reliability (probability of receiving message correctly within the latency bound): > [99%]
· Vehicle speed: [TBD] 
· Deployment scenario to use: [TBD] 
A.6	Raw Sensor Data Sharing
Raw sensor data sharing between vehicles lays down the baseline for a set of cooperative automated driving use cases (e.g. automated forward collision avoidance, overtaking and lane changing).
· End-to-End latency: [3 ms]
· Message size: [TBD] 
· Offered Traffic Load: [1Gbit/s]
· Message arrival rate at vehicle: [TBD]
· Reliability (probability of receiving message correctly within the latency bound): [99.999%]
· Vehicle speed: [TBD] 
· Deployment scenario to use: [TBD] 
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