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2.1. Use case 1: Regional HD MAP updates using IEEE802.11 WLAN
2.1.1. Use case description

Modern vehicles rely on High Definition (HD) map data for safe and autonomous operation. In this use case, it is clarified that the vehicle functions as a non-AP station (non-AP STA) to opportunistically connect to external WLAN access points (APs) for sharing sensor data, receiving map updates, reporting discrepancies, and downloading region-specific map data. This enhances map accuracy, utilizes local infrastructure for efficient data exchange, reduces cellular data costs, and creates a collaborative ecosystem where each vehicle contributes to overall map improvement. The use case comprises three primary scenarios:
Scenario 1: Regional HD Map Element Downloads

In this scenario, non-AP STA (vehicle) acquire HD map data for specific regions using IEEE 802.11 WLAN connectivity based on location and planned routes. In addition, the edge server connected to APs can store and serve map data to reduce latency.
The regional HD map element download process follows a straightforward sequence between non-AP STA (vehicle) and APs. Initially, the non-AP STA (vehicle) discovers and connects to nearby APs when stationary in locations such as parking areas or service stations, using standard authentication and connection procedures. After secure authentication, the non-AP STA (vehicle) shares its requirements and capabilities, allowing the AP to allocate appropriate network resources or possibly implement suitable power-saving mechanisms. The AP then transmits data packages utilizing high-throughput capabilities, with support for resumable transfers and integrity verification, potentially serving multiple vehicles simultaneously. 
Regional HD map downloads involve substantial data volumes (1-10GB) with high reliability needs but flexible timing, occurring monthly or on-demand over minutes or hours[1]. Content is prioritized by geographic relevance to the vehicle's planned routes, with transfers adaptable to varying connection speeds of opportunistic WLAN connections.
Senario 2: Sensor Data Upload for Mapping
In this scenario, vehicles operate as non-AP STAs that opportunistically connect to nearby APs when stationary or during brief stops. The WLAN infrastructure consists of APs strategically positioned at locations with high vehicle dwell time, configured to prioritize uplink transmissions and support efficient data transfer from multiple vehicles simultaneously. 

For sensor data uploads, non-AP STAs (vehicle) first pre-process and filter collected environmental data, then connect to APs during stationary periods or brief stops. The non-AP STAs (vehicle) could share its data requirements and urgency, enabling the AP to allocate appropriate resources and prioritize uplink traffic. After the AP confirms receipt, the non-AP STAs (vehicle) disconnects or enters power-save mode.
Sensor data uploads involve variable data volumes (10-500MB processed hourly) with moderate latency tolerance and high reliability requirements [1-5]. Uploads occur daily for routine data and immediately for critical observations. These transfers require robust uplink capabilities while ensuring privacy protection
Senario 3: Local Dynamic Map Updates
In this senario, vehicles operating as non-AP STAs connect to WLAN infrastructure with APs configured to support rapid authentication and connection establishment, prioritize transmissions, and possibly facilitate both unicast and multicast delivery methods to both receive temporary updates about approaching conditions and contribute observations. 
For local dynamic map updates, APs signal the availability of local map information to nearby non-AP STAs (vehicles), which establish rapid connections with streamlined authentication. non-AP STAs (vehicles) share their trajectory and information needs, while edge servers maintain localized dynamic maps of current conditions. The APs deliver location-relevant updates with prioritized information to approaching vehicles, while vehicles report detected anomalies through prioritized uplink transmissions. 
Local dynamic map updates involve small to moderate data volumes (10KB-50MB) requiring low latency (sub-second – several seconds) for real-time object reporting[1-5]. Updates are highly localized and have defined temporal validity requiring frequent refreshes. High reliability is essential to ensure driver safety while operating in a limited radius around the vehicle.
The regional HD Mmap updates use case showcases WLAN's potential as a complementary technology for vehicle map data management. Through map downloads, sensor uploads, and local updates, vehicles efficiently maintain navigation accuracy while reducing cellular data costs. Each scenario presents unique connectivity requirements and operational patterns:
· Regional map downloads involve large, scheduled transfers that can be segmented across multiple connection opportunities
· Sensor data uploads require efficient uplink capabilities with intelligent data filtering and prioritization

· Local dynamic updates necessitate timely, location-relevant exchanges with a focus on immediate relevance
IEEE 802.11 WLAN capabilities such as high-throughput data transfer, QoS mechanisms can effectively support vehicles to download map data in parking areas, upload sensor data during stops, and exchange local information at fixed service points, and provid a cost-effective complement to cellular connectivity for vehicles in stationary scenarios.
To extend these benefits to moving vehicles, enhancements are needed in rapid authentication for brief connections, low-speed mobility management for seamless handovers, and efficient group communication for dynamic updates while in motion. Improvements in predictive connectivity and automotive-specific network transitions would enable WLAN to support not only stationary map updates but also limited low-speed mobility scenarios, further reducing cellular data dependency for vehicle navigation systems.

2.2. Use case 2

2.3. Use case N
3. Requirements and Potential features analysis (high level)

3.1. Requirements
Based on the Regional HD Map Updates use case, the following key requirements can be identified for IEEE 802.11 WLAN technology in automotive applications, with particular focus on extending capabilities from stationary to moving vehicles:
· Efficient Data Transfer: Handling large data volumes during both stationary and brief mobile connection opportunities.
· Fast and effcient network discovery/selection: Rapid mechanisms to discover and select appropriate networks during brief vehicular connection opportunities.
· Fast association & authentication: Rapid connection establishment to maximize data transfer during limited connectivity windows for moving vehicles.
· Seamless handover among APs: Reliable transitions between access points to maintain connectivity during vehicle movement at urban speeds
· Efficient Multi-Vehicle Support: Optimized communication methods for serving multiple vehicles in proximity simultaneously.
4. GAP Analysis
While IEEE 802.11 standards continue to evolve, several key gaps remain for automotive applications, particularly for vehicles in motion[12, 13]:

Optimized Service Discovery for Automotive Services: IEEE 802.11u [6] provides GAS/ANQP discovery procedures, but lacks faster network discovery and selection optimized for brief vehicular connection windows.

Fast Connection Establishment for Automotive Use Cases: IEEE 802.11ai [7] introduced FILS, but links remain unstable on the move, causing delays in setup and failures during handover for vehicular scenarios
Mobility Support at Automotive Speeds: Existing handover standards are designed for pedestrian mobility, not vehicles at city speeds (30-60 km/h). Enhanced procedures are needed to handle rapid AP transitions and changing RF conditions experienced during vehicular movement.

Inter-ESS Roaming Support: While IEEE 802.11r (Fast BSS Transition) [8], IEEE 802.11k (Radio Resource Measurement) [9], and IEEE 802.11bn (seamless roaming) [10] standards supports intra-ESS roaming with smooth handover mechanisms, inter-ESS roaming between different operator networks remains challenging. Addressing this requires both protocol enhancements and industry-wide coordination agreements.
Efficient multi-vehicle support: While IEEE 802.11bc (Enhanced Broadcast Service) [11] offers improvements for group communication, additional enhancements to broadcast/multicast capabilities are needed to efficiently support numerous vehicles that are both in high density and in motion, particularly in dynamic traffic scenarios like congested urban areas where many vehicles simultaneously require connectivity.
5. Summary and Recommendations
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Abstract


This document contains the proposed technical report text of the IEEE 802.11 Automotive TIG, especially for the regional HD map updates use case.
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