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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 204, Intelligent transport systems.
Alist of all parts in the ISO 22086 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Lane-level positioning is deemed as a critical function to facilitate emerging applications of intelligent
transport systems (ITS) for safety and traffic efficiency. Another critical issue for applications with safety
concerns is to guarantee or monitor integrity of the positioning result. Global navigation satellite systems
(GNSS) have led the provision of position along with velocity and time information in the ITS domain, but
lane-level accuracy cannot be achieved and integrity monitoring functionalities are not supported with
commercial low-cost GNSS receivers operating in standalone mode.

The ISO 22086 series deals with standard issues on a nomadic device for lane-level positioning and
integrity monitoring with a GNSS-based lane-level positioning system, referred to as network-based
precise positioning infrastructure for land transportation (NETPPI-LT). NETPPLI-LT provides additional
information to enhance positioning accuracy and to monitor integrity over wireless links.
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Intelligent transport systems (ITS) — Network-based precise
positioning infrastructure for land transportation —

Part 2:
Functional requirements and data sets for nomadic devices

1 Scope

This document specifies the functional requirements of nomadic devices for lane-level positioning and
integrity monitoring with the network-based precise positioning infrastructure for land transportation
(NETPPI-LT), a lane-level positioning system based on global navigation satellite systems (GNSS) described
in ISO/TR 22086-1. This document identifies the GNNS threats to monitor and the errors to remove
or mitigate to achieve lane-level accuracy and integrity. It also specifies the data sets to be contained in
messages between the nomadic device and the control station providing GNSS correction and integrity
information. This specification enables the nomadic device to support lane-level positioning and integrity
monitoring. Enabling techniques and methods, which can be different for each provider or vendor, are not
addressed in this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO/TR 22086-1, Intelligent transport systems (ITS) — Network based precise positioning infrastructure for
land transportation — Part 1: General information and use case definitions

ETSI EN 302 890-2:2020, Intelligent transport systems (ITS); Facilities layer function; Part 2: Position and time
management (PoTi); Release 2

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TR 22086-1 and the following apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
alert limit
error tolerance not to be exceeded without issuing an alert

3.2
augmentation information
correction and integrity information (3.7) for global navigation satellite systems (GNSS) measurements
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3.3

auxiliary reference station

reference station within a set of the reference networks, which captures global navigation satellite systems
(GNSS) raw measurements (3.14) at a known position and sends them to the control stations of the network-
based precise positioning infrastructure for land transportation (NETPPI-LT) to produce correction
differences of the range measurements (3.12) relative to the ones of the master reference station (3.8)

3.4

carrier-phase measurement

measure of range between a navigation satellite and a nomadic device or a global navigation satellite
systems (GNSS) receiver embedded within the nomadic device, based on the phase measurements of the
carrier frequency

Note 1 to entry: Carrier-phase measurement is expressed in metres.

3.5

pseudorange (code) measurement

measure of range between a navigation satellite and a nomadic device or a global navigation satellite systems
(GNSS) receiver embedded within the nomadic device, based on the phase delay of the pseudorandom noise code

Note 1 to entry: Pseudorange measurement is expressed in metres.

3.6

correction information

information including raw measurements (3.14) of a master or virtual reference station and correction
differences for pairs of reference stations to remove common errors in global navigation satellite systems
(GNSS) range measurement (3.12) of a nomadic device

3.7

integrity information

information used to determine either the occurrence of failures or uncertainties (e.g. one-sigma) in the
position domain

3.8

master reference station

reference station within a set of the reference networks, for which raw measurements (3.14) and coordinate
information are transmitted to a nomadic device via the control stations of the NETPPI-LT

3.9

navigation message

message containing ephemeris data, used to calculate the position of each global navigation satellite systems
(GNSS) satellite in orbit, and information on time and status of entire satellites in the constellation

3.10

network RTK

network real-time kinematic

RTK (3.13) technique based on multiple reference stations to support an extended service coverage by
provisioning correction differences of the range measurements (3.12) for pairs of master and auxiliary
reference stations (3.3) in addition to raw measurements (3.14) of the master reference station (3.8)

3.11

protection level

upper bound for the positioning error, which is an instantaneous estimate based on different measurements
related to the quality of the received signal, range measurements (3.12), and navigation message (3.9)

3.12

range measurement

pseudorange and carrier-phase measurements (3.4) between a navigation satellite and a nomadic device or a
global navigation satellite systems (GNSS) receiver embedded within the nomadic device
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real-time kinematic

RTK

differential global navigation satellite systems (GNSS) technique that provides, in real time, highly accurate
positioning for anomadic device based on carrier-phase measurements (3.4), which are corrected by referring

raw measurements (3.14) of a single reference station

3.14

raw measurement

measurement available in a global navigation satellite systems (GNSS) receiver after the signal processing
stage before the positioning stage including code measurements (3.5), carrier-phase measurements (3.4),

navigation messages (3.9), and signal quality indicators

4 Abbreviated terms

5G
cCD
cs
DMB
DSRC
FDI
GNSS
ITS
LTE
MQM
ND
NRTK
NETPPI-LT
OSR
PL
PoTi
PPP
PPP-RTK
PRN
RF
RTCM
RTK

SSR

fifth-generation mobile communications
code carrier divergence

control station

digital multimedia broadcasting

dedicated short-range communications

fault detection and isolation

global navigation satellite systems
intelligent transportation system

long term evolution

measurement quality monitoring

nomadic device

network real-time kinematic

network based precise positioning infrastructure for land transportation
observation space representation

protection level

position and time management

precise point positioning

precise point positioning-real time kinematic
pseudorandom noise

radio frequency

radio technical commission for maritime services
real-time kinematic

state space representation
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WAVE wireless access for vehicular environment

YE-TE yesterday-minus-today ephemeris

5 Functional requirements

5.1 Overview

This document conforms to the GNSS-based positioning terminal model specified in EN 16803-1 for
the reference model of nomadic devices in which the output to safety-related applications includes the
positioning result and the protection level. Such output is used for providing warnings to the users or the
systems and services based on GNSS when exceeding a given alert limit, i.e. the largest positioning error
acceptable for the operation.

The nomadic device shall support the PoTi (position and time management) service at the facilities layer
specified in accordance with ETSI EN 302 890-2. The functions described in this document are implemented
as part of the position augmentation, which is a function of the PoTi entity.

The nomadic device performs a series of functions to ensure lane-level accuracy and integrity with the
NETPPI-LT. Its functional architecture is illustrated in Figure 1. The nomadic device can include multiple
positioning modules in addition to GNSS and can integrate all the data from the modules for positioning as
specified in EN 16803-1. As those methods are beyond the scope of this document, relevant architectures
are not depicted in Figure 1.
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