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[bookmark: OLE_LINK23]Abstract: This document provides a use case of parking and transportation service for IoE based smart community in the SID FS_REFEC.

---------- Use Case template ----------
[bookmark: _Toc519398100][bookmark: _Toc500942119]X.X Parking and transportation services
The IoE based smart community shall provide fully autonomous vehicle parking and transportation, which will largely increase the space and time efficiency especially in dense urban living areas.

X.x.1	Description	
[bookmark: _Toc519398101][bookmark: _Toc500942121]Vehicle parking presents real-life difficulties in many traditional residential community, industrial parks, office buildings, and shopping malls. Smart parking resolves such difficulties in people’s daily life, which deploys sensors on parking lot to provide online to offline managements. With the next generation smart terminals (UEs) in IoE, it not only provides smart management of existing parking lots in communities, but also sets up a smart wireless infrastructure that can interconnect with drivers and autonomous cars, in order to provide enhanced user experience of future smart parking and transportation in communities. Particularly, the vehicles can find their owners’ location and the designated parking lots autonomously, in contrary to the state-of-the-art where drivers would strive to find available parking lots, and reversely locate the parked vehicles.
IoE parking and transportation services can be particularly interesting for 3GPP, since network operators and community management may have full control of the enclosed networking environment. On the contrary, autonomous driving in public (e.g., city streets) may be subject to many regulations and laws that can be inevitably out of control of any single entity including both governments and operators.
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X.x.2	Pre-conditions
[bookmark: _Toc519398102]Smart terminals are deployed in the community to provide full coverage of community parking areas, i.e., every parking lot; this smart infrastructure also provide UE to network, and UE to UE connections, for all autonomous vehicles and consumer handsets in the community. Sensors in the smart terminals shall include high-definition cameras, whereas other sensors can also be included. The data collected by co-located smart terminals, such as live video, accurate vehicle positions, consumer handset positions, are processed by a set of neighboring smart terminals to generate a real-time virtual scene of the parking area, with real-time and accurate mapping of all vehicles and parking lots, as well as complete and real-time road side information for autonomous driving. The pre-conditions further include:
- a vehicle enters the community, and the consumer/owner leaves the vehicle for the autonomous parking.
- any abnormalities, such as vandalism to a parked vehicle, blocking or misuse of parking lots, etc. are detected.
- a consumer/owner calls his/her parked vehicle.

X.x.3	Service Flows
- Co-located smart terminals share sensor and camera information and generate the real-time virtual scene, with accurate mapping of vehicles, parking lots, and other road side information.
- When a vehicle enters the community for autonomous parking, the real-time virtual scene is shared to the vehicle for the guidance to a designated parking lot as determined by a parking management system (e.g. at the cloud). The parking management system assigns a parking lot to every legitimate vehicles by its preset management policies.
- Abnormalities analysis is performed in real-time in the virtual scene, and results are notified to the owner and the parking management system. 
- When calling a parked vehicle, accurate location of the owner is forwarded to the parked vehicle, which is autonomous driven to the owner’s position.



[bookmark: _Toc519398103]X.x.4	Post-conditions
[bookmark: _Toc500942123][bookmark: _Toc519398104]- Enhance user experience of care-less parking is realized, where the vehicles can park and find the owners autonomously.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]- Any abnormalities and emergencies about the vehicle can be recorded and treated timely, providing users with peace of mind in the community.

x.x.5	Challenges to 5G Systems
[bookmark: _Toc519398105]To provide detailed coverage of parking areas, smart terminals shall be densely deployed. Massive smart terminals (IoE UEs) can generate a large amount of data, which requires low communication latency for real-time aggregation, controlling, and information dissemination. For the safety in a busy parking area, dense autonomous vehicles need a real-time update about the information in the virtual scene under strict E2E latency requirement on the aggregation and sharing. 5GS shall provide:
· A great number of real-time connections with very high density and high data rate, and accurate UE positioning.
· Very low latency and high reliability in local virtual scene dissemination for interactive and autonomous driving of dense parking vehicles.
· Scalable UE to UE communications for proximity data aggregation, unicast/multicast, and broadcast.
· Multi-hop UE to network and UE to UE wireless links as complementary to direct connection to gNB, improving both network coverage and network capacity.
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x.x.6	Potential Requirements
The 5G system shall support the following requirements simultaneously:
· A network density higher than [0.2] node per square meter (for smart IoE terminals), with co-current average data transmissions of more than [25] Mbps (for supporting high-definition video), and occasional peak data transmission rate of over [50] Mbps (for supporting 360 high-definition video).
· A network density of [0.1] node per square meter (for smart vehicles), with co-current average data transmissions of more than [100] Mbps, and occasional peak data transmission rate of over [500] Mbps (for real-time virtual scene update), supporting mobility up to 50km/h for community autonomous driving/parking. 
· An end-to-end latency of UE to UE communication (smart terminal to smart autonomous vehicles) less than [10] ms with an application data packet length of [1000] bytes, and minimal peak data rate of [500] Mbps.
· High reliability of UE to UE, and UE to network communication with packet delivery rate of [99.9999%] (for autonomous driving safety consideration).
· High precision positioning of local consumer UEs of less than [0.2] meters in positioning error, and less than [100] ms in position acquisition time, in both indoor and outdoor environment.
· The 5G system shall support UE to UE, and UE to Network multi-hop links in unicasting, multicasting, and broadcasting, for up to over [10] hops.
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