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**************** First Change ******************
x.1
Sensing for Smart Transportation
x.1.1
Description
Smart transportation is a basic and essential industry for national economic development. Highway is an important part of smart transportation. Due to the strong road safety demand on smart transportation, it is necessary to monitor the road situation so as to make appropriate management of road traffic, give guidance or assistance information to vehicles and/or highway traffic safety administration. For example, according to traffic rules and safety features in regulations, no vehicle should occupy the emergency lane on any highway as it is reserved for the exclusive use of emergency vehicles, accidents, and breakdowns. Occupying the emergency lane at will is not allowed. In addition, major accidents caused by pedestrians or animals crossing highways occur frequently. Currently, the highway supervision systems are mainly based on traditional sensors (e.g. radar speed guns, cameras) equipped in the roadside infrastructure, but there are still many problems in road supervision system, e.g. it only has partial coverage on the roadside, the radar speed gun is dedicated for single usage which requires deploying different types of transportation radars in the same place to sense multiple objects in the area of interest, and the sensing data cannot link to subject of detection due to the lack of identification (e.g. an UE ID), etc.
Base stations on the roadside are already used to provide 5G coverage for communication, where the radio signals can also be used to sense the environment for object detection. The base station as transmitter and receiver knows the detailed structure of the transmitted sensing signal, such as the allocation of sensing resource, the beam direction, the time/phase/amplitude differences between the sent and received signals. The distance, angles and Doppler information (i.e. velocity) can be extracted once sensing signals are received. Thanks to native network-wide sensing and feasible resource cooperation, the cellular networks can become a ubiquitous radio sensing infrastructure, while providing simultaneous communication service. 
x.1.2
Pre-conditions

Good partnership and cooperation are established between road supervision departments and mobile operators. As the request of supervision departments, the base stations around/along the highway are allowed by the operators to constantly sense the environment of the highway including moving objects (e.g. vehicles and pedestrians). The sensing signal emitted from the transmitter arrives at vehicles driving on the highway and is bounced (reflected) back to the receiver. The transmitter and receiver may be co-located in the same base station or distributed in different base stations.
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Figure x.1.2-1
x.1.3
Service Flows

1) Advanced driving assistance
Bob buys an HD map service for driving assistance from a map provider, which collects sensor information from road and roadside infrastructure to build the HD map. Bob is driving fast on a roadway which is in the NR network coverage. His car as a UE registers with the network and can be identified and located by the network. Unfortunately, his car’s view is blocked by the large truck in the front. Suddenly, a driver called Da Fei wants to switch into Bob’s lane, and a pedestrian called Mark wants to cross the roadway. When Mark is in the sensing area of base station, the base station reports the sensing data to the network.
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Figure x.1.3-1
Based on the sensing results, the network detects Da Fei’s car is switching the lane to Bob’s, while Bob’s car is approaching Mark. The sensing results are exposed to the map provider and/or emergency departments. The map provider collects and analyses the sensing results and updates the map information. Then Bob’s car receives the fresh/rebuilt map information in a timely manner and so decelerates in time, and changes the driving direction gracefully if necessary so as not to hit Mark and Da Fei. At the same time, the emergency departments may immediately respond by warning Mark off the roadway.
2) Road supervision
Mary is an inexperienced driver, who is driving home for party. Mary’s car equipped with a UE registers with the network, which makes it possible for it to be identified and located by the network. When Mary’s car enters a highway in the cellular network coverage,  The  sensing signals from a base station once arriving at Mary’s car, bounces off (is reflected)  back to the base station. Due to the traffic jam in rush hour, there are a lot of vehicles on the highway, therefore Mary is very anxious to go home for her party and decides to enter the emergency lane next to her car.  
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Figure x.1.3-2 
Since the base station reports the sensing data to the network, based on the sensing results, the network detects Mary’s car is abusing the emergency lane for a long time and exposes this event to the supervision departments. The supervision departments immediately sends an alarm via short message to Mary’s car. Then Mary correspondingly steers off the emergency lane and keeps driving abiding by the road rules, or else, the supervision departments may issue Mary a fine ticket. 
x.1.4
Post-conditions
Thanks to the area-coverage, long-distance sensing capability of base station, which provides a bird’s-eye-view for monitoring the traffic and transportation environment, the car’s viewing range is largely extended, the efficiency of safety supervision and management is improved. This realizes in timely manner the risk prediction, control, and prevention.

The network based sensing can provide timely, continuous, accurate, and comprehensive sensing information, which is a reliable basis for smart transportation.

x.1.5
Existing features partly or fully covering the use case functionality
None.

x.1.6
Potential New Requirements needed to support the use case
TBD.
************* End of First Change ***************
