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1. Introduction
The FS_mV2X Study Item is primarily focused on transmitting video media from sensors – a technical solution which can require significant amounts of bandwidth.  It is important that the study also documents alternative solutions that rely on recognition and transmission of object information, which requires more processing at the sensors but has significantly less bandwidth requirements.

This contribution suggests text for TR 26.985 that describes object-based sensor sharing and the on-going work in this area.

2. Proposed Text for New Clause 9 in TR 26.985

An alternative to sharing video feeds from vehicular sensors is to use processing at or near the sensor to classify and identify objects of interest and then transmit the object information.  
2.1 On-going work
Other standard organizations have been working on sensor-based classification and identification of objects.
2.1.1 ETSI-ITS
Due to the high data rate and transmission frequency requirements of sending raw sensor data, ETSI-ITS has been working on object-based solutions.  It has developed a Common Data Dictionary (CDD) in TS 102 894 and a specification TS 103 324 “Collective Perception (CP) Service” which specifies how an ITS station can inform other ITS stations about the position, dynamics and attributes of detected neighboring road users and other objects. The CP service shares information with other ITS stations through the transmission of Collective Perception Messages (CPMs) and Environmental Perception Messages (EPMs) as illustrated in Figure 1.


Figure 1. Collective Perception

ETSI-ITS also developed a list of recommended requirements for the Collective Perception Service in TR 103 562. This identifies relevant issues for object-based sensor sharing such as:
1. Conditions that generate CPMs with object information
2. The frequency at which CPMs should be sent
3. CPM Object quality assessment
4. CP Message formats and Data Elements 

2.1.2 5GAA
5GAA completed a work item in November 2017 to produce 5GAA SENSHA TR, A-170272 which investigates the following objectives:
1. Identify sensor data sharing requirements from envisioned automated driving applications, including architecture options, requirements and implications. 
2. Perform a gap analysis from ETSI ITS standards (at a minimum) regarding existing data objects. 
a. Identify what new objects and extensions of the existing objects are needed
3. Perform the analysis of the existing interface messaging protocols to determine their suitability. 
4. Perform the analysis of the security and privacy aspects

2.1.3 SAE
SAE currently has two related WIPs: one on sensor sharing which is pending in the DSRC TC and the other on trajectory sharing which is pending in the C-V2X TC.  It is suggested that 3GPP establish a liaison relationship with SAE so that we can coordinate the progress of the work across these TCs and 3GPP.


2.2 Example Objects
Table 1 lists examples of the objects for which descriptions and parameters are being specified in the relevant standards bodies.


	Object
	Examples/Description

	1D Object
	Traffic lanes and road boundary

	2D Object
	Traffic sign, warning sign, guide signs, regulatory signs

	3D Object
	Pedestrian, cyclist, moped, motorcycle, passengerCar, bus, lightTruck, heavyTruck, trailer, specialVehicles, tram, roadSideUnit, traffic cones, “unknown point cloud”


Table 1. Example Objects

2.3 Considerations
2.3.1 Liability
One of the concerns sometimes raised by automobile manufacturers about the object-based approach is the reliability of the information.  There is a concern about liability in case there is a failure and the object information is generated and sent by a sensor on another vendor’s vehicle.

One solution to this concern is to set performance and conformance requirements on the object identifier algorithms.  

Relying purely on sensor video transmissions doesn’t fully address the liability concerns as these sensors and their encoding algorithms (e.g., compressed video) would also need to meet some performance and conformance standards for them to be considered reliable.  Currently there are no video encoder performance or conformance standards.
2.3.1 Multi-mode media
Aside from the significant savings in transmission bandwidth requirements, the object-based approach allows incorporating non-video sensor information into the object identification (e.g., location using LiDAR) to provide richer and more completed information then a raw video feed.
2.3.1 Message Frequency
For the primary use cases, the frequency of message transmission has a predicted periodicity of about 100ms.  However, to accommodate for event-driven messages, transmission intervals between 50-100ms are also being considered.   More advanced use cases can further increase the data exchange rate, e.g.:
· Planned trajectory
· LIDAR
· Dynamic 3D local map sharing (e.g. 3D road model built based on LIDAR)


2.4 Conclusion
Object-based approaches can serve as alternative solutions for the FS_mV2X use cases.  These approaches, which are being standardized in other SDOs, use lower bitrates than sending video media and may be useful in scenarios that have bitrate limitations.  

Still, there may be use cases where sending video media is preferred and can be used if the necessary throughput is supported.  

It is important for SA4 to understand these use cases and investigate all potential solutions, including the setting of conformance/performance standards for sensors and their processing in 3GPP or other standards bodies.  SA4 should also study which approaches are appropriate for the different use cases, including the possibility of combining the two approaches, i.e., sending video media with object data.  

To support these studies and future collaboration with other SDOs in the relevant areas it is recommended that 3GPP establish an agreement to exchange information SAE.  A liaison relationship is likely to be insufficient for this as SAE does not readily share its information with other SDOs.  This may require 3GPP to establish a collaboration agreement with SAE to allow for a more open exchange of information.
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