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1. Introduction
Automated driving is attracting public interest because of its impact to existing lifestyle and business in addition to improved driving safety. As automated driving is a rapidly growing technology, several levels of automated driving are under investigation. NHTSA has defined five-levels (level-0 to level-4) of automated driving [1] and higher requirement is assumed for higher automation level. Although most of the driving environment recognized by driving system will be obtained from local sensors equipped in the vehicle, additional information obtained by communication deemed to be beneficial to maximize safety and passenger comfort. According to eV2X use cases which is discussed in SA1, video-like broadband communication (e.g., vehicles exchange sensor information) is considered in addition to small packet transmission similar to LTE V2X [2]. On the other hand, only small packet traffic is captured in the TR38.913 and eMBB requirement for eV2X is not determined [3]. In this contribution, we provide our views on eV2X use case. Detailed use case and requirement is presented in our SA1 contributions [5,6].
2. Operation Scenario
For automated driving, several operation scenarios are considered according to its development and penetration. According to automation level defined by NHTSA, driving system (driving AI) monitors the driving environment in automation level-3 (limited automated driving) and level-4 (full automated driving) while a human driver monitors it in level 0-2. In our view, in addition to DSRC and LTE-V2X, NR may contribute to automation level 3 and/or 4 by sharing perception data obtained from local sensors equipped in a vehicle supporting level 3 and/or 4 automation and/or by sharing driving intention, with vehicles in proximity. So we will focus on operation scenario related to automation level 3 and 4 shown in Table I. For automation level-4, the driving system supports all roadway condition and environment conditions that can be managed by the human driver while automation level-3 assumes that driving system support automated driving under certain condition and human driver is expected to be available for occasional control with sufficient transition time. Therefore required resolution of environment information is higher for higher automation level. Furthermore, for each level of automation (level-3 or level-4), non-short inter-vehicle distance, e.g., normal automated driving, and short inter-vehicle distance, i.e., platooning are considered for possible driving operation. In case of platooning, vehicles belonging to the same platooning group form a cluster with short inter-vehicle while inter-cluster distance is not short. It is noted that, for automated platooning, tighter requirement is assumed compared to automated driving with non-short inter-vehicle distance, e.g., shorter latency requirement and higher reliability with exception on communication range. 
Table I: Operation scenario for automated driving/platooning
	
	Non-short inter-vehicle distance
(e.g. >2sec * vehicle speed)
	Short inter-vehicle distance
 (e.g. <2sec * vehicle speed)

	Abstracted data
	Limited automated driving
(e.g. for NHTSA Level-3 automation)
	Limited automated platooning
(e.g. for NHTSA Level-3 automation)

	High resolution data
	Full automated driving
(e.g. for NHTSA Level-4 automation)
	Full automated platooning
(e.g. for NHTSA Level-4 automation)


Proposal 1: RAN1 to consider operation scenarios shown in Table I after SA1 conclusion on eV2X.
3. Use case 

For support of level-3 and level-4 automated driving/platooning, we propose two use cases, cooperative perception and cooperative manoeuvre. Each use cases are compiled to four types of traffic model corresponding to four operation scenarios in Table I. 
(1) Cooperative perception: This use case requires sharing perception data (abstracted data and/or high resolution sensor data detected by local sensors) among vehicles in the same area. This use is applicable to both V2V and V2I where RSU equipped with sensor multicasts perception data
· Limited automated driving/platooning: Sharing detected objects (e.g., abstracted object information detected by local sensors) among vehicles in the same area
· Full automated driving/platooning: Sharing high resolution perception data (e.g., camera, LIDAR, occupancy grid) among vehicles in the same area
(2) Cooperative manoeuvre: This use case requires sharing driving intention (coarse and/or high resolution). This use case is only applicable to V2V and multicast is assumed
· Limited automated driving/platooning: Sharing coarse driving intention for changing lanes, merging at highway and roundabout, crossing at 4-way stop and have consensus among all involved vehicles via V2V
· Full automated driving/platooning: Sharing detailed planned trajectory among all involved vehicles via V2V for collaborative manoeuvre
We propose to consider above two use cases for potential traffic model and requirement. Multiplexing of data traffic generated by the two use cases needs to be studied because the two use cases can be simultaneously operated. It is notably that cooperative perception for full automated driving/platooning can be categorized to broadband traffic where maximum [FFS] Mbps data rate per UE is assumed for sharing sensor data with high resolution. Although traffic from local sensor can be periodically generated per video frame or per sensor frame, each video frame (sensor frame) can be divided into multiple TBs considering its large payload size. Then RAN1 need to reconsider the definition of reliability and latency (e.g., per video frame reliability as a KPI) since existing reliability definition in [3] implicitly assumes per TB reliability while requirement is application layer reliability.
Proposal 2: RAN1 to consider two use cases (cooperative perception and cooperative manoeuvre) for potential traffic model and requirement after SA1 conclusion on eV2X.
4. Other operation aspects for further study
For each operation scenarios and use cases, following aspects needs to be studied in addition to necessary enhancement to meet the requirement. Note: some aspects are beyond RAN1 scope.
· Operation frequency

· E.g., frequency band and bandwidth, whether the frequency is dedicated to the eV2X services

· Multi-carrier operation

· Especially for multi-carrier operation for sidelink transmission/reception

· Multi-operator operation

· Co-existence of NR UL/DL and NR sidelink in the same carrier (if supported)

· Necessity of congestion control

· As it is discussed in LTE V2X, necessity of congestion control needs to be studied considering potential performance degradation due to capacity shortage.
· Congestion control can be performed by reducing transmission rate, reducing data rate (e.g., resolution of sensor data), reducing transmission power or limiting the number of transmission vehicles.
· Feasibility of relaxed requirement on latency and communication range for low mobility scenario needs to be studied together.
· Co-existence of NR sidelink and LTE sidelink in the same carrier (if supported)
· If frequency for NR sidelink operation is shared with LTE sidelink, efficient co-existence needs to be studied, e.g., resource partitioning and mitigation for in-band emission from LTE sidelink.
· Co-existence of eV2X and non-eV2X from system perspective and/or UE perspective

5. Conclusion

In this contribution, we discussed our views on eV2X use case and operation scenario. Proposals are summarized below.

· Proposal 1: RAN1 to consider operation scenarios shown in Table I after SA1 conclusion on eV2X.
· Proposal 2: RAN1 to consider two use cases (cooperative perception and cooperative manoeuvre) for potential traffic model and requirement after SA1 conclusion on eV2X.
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