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Abst ract

The Presence Information Data Format Location Object (PIDF-LO
specification provides a flexible and versatile neans to represent
location information. There are, however, circunstances that arise
when i nformati on needs to be constrained in howit is represented.
In these circunstances, the range of options that need to be

i mpl enented are reduced. There is growing interest in being able to
use location information contained in a PIDF-LO for routing
applications. To allow successful interoperability between
applications, location informati on needs to be normative and nore
tightly constrained than is currently specified in RFC 4119 (Pl DF-
LO. This docunent makes recomendati ons on how to constrain,
represent, and interpret locations in a PIDF-LO. It further
recommends a subset of Geography Markup Language (GWL) 3.1.1 that is
mandatory to inplenent by applications involved in |ocation-based
routing.
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1. Introduction

The Presence Information Data Format Location Object (PIDF-LO

[ RFC4119] is the recommended way of encoding | ocation information and
associ ated privacy policies. Location information in a PlIDF-LO may
be described in a geospatial manner based on a subset of Geography
Mar kup Language (GMWML) 3.1.1 [OGC-GWL3.1.1] or as civic location
information [RFC5139]. A GWL profile for expressing geodetic shapes
in a PIDF-LO is described in [CGeoShape]. Uses for the PIDFLO are
envi sioned in the context of nunerous |ocation-based applications.
Thi s docunent nmakes recomendations for formats and conventions to
nmake interoperability |ess problemtic.

The PI DF-LO provides a general presence fornat for representing

| ocation information, and permits specification of |ocation
information relating to a whol e range of aspects of a Target. The
general presence data nodel is described in [RFC4479] and caters to a
presence docunent to describe different aspects of the reachability
of a presentity. Continuing this approach, a presence docunent nay
contain several GEOPRIV objects that specify different |ocations and
aspects of reachability relating to a presentity. This degree of
flexibility is inportant, and recomrendations in this docunent nake
no attenpt to forbid the usage of a PIDF-LO in this manner. This
docunent provides a specific set of guidelines for building presence
docunents when it is inportant to unanbi guously convey exactly one

| ocati on.

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
document are to be interpreted as described in [ RFC2119].

The definition for "Target" is taken from[RFC3693].

In this docunent a "discrete |location" is defined as a place, point,
area, or volunme in which a Target can be found.

The term "conpound | ocation" is used to describe |ocation informtion
represented by a composite of both civic and geodetic information.

An exanpl e of conpound | ocation nmight be a geodetic polygon
describing the perinmeter of a building and a civic el enent
representing the floor in the building.

The term "nmethod"” in this docunent refers to the nechanismused to

determ ne the location of a Target. This may be sonethi ng enpl oyed
by a location information server (LIS), or by the Target itself. It
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specifically does not refer to the location configuration protoco
(LCP) used to deliver location information either to the Target or
t he Reci pi ent.

The term "source" is used to refer to the LIS, node, or device from
whi ch a Recipient (Target or Third-Party) obtains |ocation
i nformati on.

3. Using Location Information

The PIDF format provides for an unbounded number of <tuple>,

<devi ce>, and <person> el enents. Each of these elenents contains a
single <status> elenent that may contain nore than one <geopriv>

el ement as a child. Each <geopriv> elenment must contain at |east the
following two child elenments: <location-info> elenent and <usage-

rul es> elenent. One or nore elements containing |ocation information
are contained inside a <location-info> el ement.

Hence, a single PIDF docurment may contain an arbitrary nunber of

| ocation objects, sone or all of which nay be contradictory or

conpl ementary. Gaphically, the structure of a PIDF-LO docunment can
be depicted as shown in Figure 1
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<pr esence>
<tuple> -- #1
<st at us>
<geopriv> -- #1
<l ocation-i nfo>
| ocation el enent #1
| ocation el enent #2

| ocation el enent #n
<usage-rul es>
</ geopriv>
<geopriv> -- #2
<geopriv> -- #3

<geopriv> -- #m
</ st atus>
</tupl e>
<devi ce>
<geopriv> -- #1
<l ocati on-i nf o>
| ocation el ement (s)
<usage-rul es>
</ geopriv>
<geopriv> -- #2

<geopriv> -- #m
</ devi ce>
<per son>
<geopriv> -- #1
<l ocati on-i nf o>
| ocation el enent (s)
<usage-rul es>
</ geopriv>
<geopriv> -- #2

<geopriv> -- #m
</ per son>
<tuple> -- #2
<device> -- #2
<person> -- #2
<tuple> -- #o

</ presence>

Figure 1: Structure of a PlIDF-LO Documnent
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Al of these potential sources and storage places for |ocation |ead
to confusion for the generators, conveyors, and consunmers of |ocation
information. Practical experience within the United States Nationa
Emer gency Number Association (NENA) in trying to sol ve these
anbiguities led to a set of conventions being adopted. These rules
do not have any particular order, but should be followed by creators
and consuners of location information contained in a PIDF-LO to
ensure that a consistent interpretation of the data can be achieved.

Rul e #1: A <geopriv> el emrent MJST describe a discrete |ocation.

Rul e #2: \Were a discrete |ocation can be uniquely described in nore
than one way, each | ocation description SHOULD reside in a
separate <tuple>, <device> or <person> elenent; only one geopriv
el enent per tuple.

Rul e #3: Providing nore than one <geopriv> elenent in a single
presence docunent (PIDF) MJUST only be done if the | ocations refer
to the same place or are put into different elenent types. For
exanpl e, one location in a <tuple> a second location in a
<devi ce> element, and a third location in a <person> el ement.

This may occur if a Target’s location is determ ned using a
series of different techniques or if the Target wi shes to
represent her location as well as the location of her PC. In
general, avoid putting nore than one |ocation into a docunent
unl ess it makes sense to do so.

Ru

e #4: Providing nore than one | ocation chunk in a single
<l ocation-info> el ement SHOULD be avoi ded where possible. Rule #5
and Rule #6 provide further refinenment.

Ru

e #5: \Wen providing nore than one |l ocation chunk in a single
<l ocation-info> el ement, the |ocations MJST be provided by a
conmon source at the same tine and by the same | ocation
determinati on nethod.

Ru

e #6: Providing nore than one location chunk in a single
<l ocation-info> el enent SHOULD only be used for representing
conpound | ocation referring to the same pl ace.

For exanple, a geodetic |ocation describing a point, and a
civic location indicating the floor in a building.
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Rul e #7: \Were the conmpound | ocation is provided in a single
<l ocation-info> elenment, the coarse location information MJST be
provi ded first.

For exanple, a geodetic |ocation describing an area and a civic
| ocation indicating the floor should be represented with the
area first followed by the civic |ocation

Rul e #8: Wiere a PIDF docunent contains nore than one <geopriv>
element, the priority of interpretation is given to the first
<devi ce> el enent in the docunent containing a location. If no
<devi ce> el enent containing a location is present in the docunent,
then priority is given to the first <tuple> elenent containing a
| ocation. Locations contained in <person> tuples SHOULD only be
used as a last resort.

Rul e #9: \Were nmultiple PIDF docunents can be sent or received
together, say in a nulti-part M ME body, and current |ocation
information is required by the recipient, then docunent sel ection
SHOULD be based on docunment order, with the first docunent
consi dered first.

The foll owing exanples illustrate the application of these rules.
3.1. Single Cvic Location Infornmation

Jane is at a coffee shop on the ground floor of a |arge shopping
mal | . Jane turns on her laptop and connects to the coffee shop’s
WFi hotspot; Jane obtains a conplete civic address for her current
| ocation, for exanple, using the DHCP civic nechani smdefined in
[RFCA776]. A Location Object is constructed consisting of a single
Pl DF docunent, with a single <tuple> or <device> elenent, a single
<status> el enent, a single <geopriv> elenent, and a single |ocation
chunk residing in the <location-info> element. This docunment is
unanbi guous, and should be interpreted consistently by receiving
nodes if sent over the network.

3.2. Civic and Ceospatial Location Infornation

Mke is visiting his Seattle office and connects his laptop into the

Et hernet port in a spare cube. |In this case, location information is
geodetic location, with the altitude represented as a building floor

nunber. Mke's main location is the point specified by the geodetic

coordi nates. Further, Mke is on the second floor of the building

| ocated at these coordinates. Applying rules #6 and #7, the

resul ting conmpound | ocation information is shown in Figure 2.
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<presence xm ns="urn:ietf:parans: xnm : ns: pi df"
xm ns: dm="urn:ietf:paramnms: xm : ns: pi df : dat a- nodel "
xm ns: gp="urn:ietf:parans: xm : ns: pi df : geopri v1i0"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns:cl ="urn:ietf:paranms: xm : ns: pi df: geopri v10: ci vi cAddr"
entity="pres: m ke@eattl e. exanpl e. coni >
<dm devi ce id="m kepc">
<gp: geopriv>
<gp: | ocati on-i nfo>
<gnl : Poi nt srsName="urn: ogc: def: crs: EPSG : 4326" >
<gm : pos>-43. 5723 153. 21760</ gm : pos>
</ gm : Poi nt >
<cl : ci vi cAddr ess>
<cl: FLR>2</cl : FLR>
</cl:civi cAddress>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>W r emap</ gp: met hod>
</ gp: geopri v>
<dm devi cel D>nmac: 8asd7d7d70cf </ dm devi cel D>
<dm ti mest anp>2007- 06- 22T20: 57: 29Z</dm ti mest anp>
</ dm devi ce>
</ presence>

Figure 2: PIDF-LO Containing a Conpound Location
3.3. Manual / Automatic Configuration of Location Information

Lorai ne has a predefined civic location stored in her |aptop, since
she normally lives in Sydney, the address is for her Sydney-based
apartment. Loraine decides to visit sunny San Franci sco, and when
she gets there, she plugs in her |aptop and naekes a call. Loraine’s
| aptop receives a new location fromthe visited network in San

Franci sco. As this system cannot be sure that the preexisting and
new | ocati on both describe the sane place, Loraine s conmputer
generates a new PIDF-LO and will use this to represent Loraine’'s
location. |If Loraine's conputer were to add the new | ocation to her
exi sting PIDF | ocation docunment (breaking rule #3), then the correct
information may still be interpreted by the Locati on Reci pi ent
providing Loraine’s systemapplies rule #9. 1In this case, the
resulting order of |ocation information in the PIDF docunment shoul d
be San Francisco first, followed by Sydney. Since the information is
provi ded by different sources, rule #8 should also be applied and the
information placed in different tuples with the tuple containing the
San Francisco |ocation first.
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3.4. Miltiple Location Objects in a Single PIDFLO

Vanessa has her PC with her at the park, but due to a

m sconfiguration, her PC reports her |location as being in the office.
The resulting PIDF-LO will have a <device> el ement show ng the

| ocation of Vanessa's PC as the park, and a <person> el ement sayi ng
that Vanessa is in her office.

<presence xm ns="urn:ietf:params:xm:ns:pidf"

xm ns: dme"urn:ietf: paramnms: xm : ns: pi df : dat a- nodel "
xm ns: gp="urn:ietf:paramnms: xm :ns: pidf:geopriv10"
xm ns: ca="urn:ietf:parans: xm :ns: pi df: geopriv10: civi cAddr"
xm ns: gm ="http://ww. opengi s. net/gnm"
xm ns: gs="http://ww. opengi s. net/pidflo/1.0"
entity="pres: ness@xanpl e. cont' >

<dm devi ce id="nesspc-1">

<gp: geopri v>
<gp: | ocati on-i nf o>
<ca: ci vi cAddress xnl : | ang="en- AU'>

<ca: country>Alk/ ca: count ry>
<ca: A1>NSW/ ca: Al>

<ca: A3> Wbl | ongong
</ ca: A3><ca: AMA>Nort h Wl | ongong
</ ca: Ad>

<ca: RD>Fl i nder s</ ca: RD><ca: STS>St r eet </ ca: STS>
<ca: RDBR>Canpbel | Street </ ca: RDBR>
<ca: LM>
Glligan's Island
</ ca: LMK> <ca: LOC>Cor ner </ ca: LOC>
<ca: NAM> Vi deo Rental Store </ca: NAM>
<ca: PC>2500</ ca: PC>
<ca: ROOW> Westerns and C assics </ ca: ROOW
<ca: PLC>store</ca: PLC
<ca: POBOX>Pri vat e Box 15</ca: POBOX>
</ ca: ci vi cAddr ess>
</ gp:location-info>
<gp: usage-rul es/ >
<gp: net hod>GPS</ gp: et hod>
</ gp: geopri v>
<dm devi cel D>mac: 1234567890ab</ dm devi cel D>
<dm ti mest anp>2007- 06- 22T20: 57: 29Z</dm t i nest anp>
</ dm devi ce>
<dm person i d="ness">
<gp: geopriv>
<gp: | ocati on-i nfo>
<gs: G rcl e srsName="urn: ogc: def: crs: EPSG : 4326" >
<gm : pos>- 34. 410649 150. 87651</gm : pos>
<gs: radi us uom="urn: ogc: def: uom EPSG : 9001" >
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30
</ gs:radi us>
</gs:Circle>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: met hod>Manual </ gp: net hod>
</ gp: geopri v>
<dm ti mest anmp>2007- 06- 24T12: 28: 04Z</dm ti nmest anp>
</ dm per son>
</ presence>

Figure 3: PIDF-LO Containing Multiple Location Objects
4. Geodetic Coordi nate Representation

The geodetic exanples provided in RFC 4119 [ RFC4119] are illustrated
using the <gm : | ocation> el enent, which uses the <gmi:coordi nat es>

el enent inside the <gm :Point> elenent, and this representation has
several drawbacks. Firstly, it has been deprecated in |ater versions
of GWL (3.1 and beyond) making it inadvisable to use for new
applications. Secondly, the format of the coordi nates type i s opaque
and so can be difficult to parse and interpret to ensure consi stent
results, as the sane geodetic |location can be expressed in a variety
of ways. The PIDF-LO Geodetic Shapes specification [ GeoShape]
provides a specific GW profile for expressing comonly used shapes
using sinple GW representations. The shapes defined in [ GeoShape]
are the recommended shapes to ensure interoperability.

5. CGeodetic Shape Representation

The cellular nmobile world today nakes extensive use of geodetic-based
| ocation information for energency and other | ocation-based
applications. Generally, these locations are expressed as a point
(either in two or three dinmensions) and an area or vol ume of
uncertainty around the point. In theory, the area or vol unme
represents a coverage in which the user has a relatively high
probability of being found, and the point is a conveni ent neans of

defining the centroid for the area or volunme. In practice, nost
systens use the point as an absolute val ue and ignore the
uncertainty. It is difficult to determine if systenms have been

i mpl enented in this manner for sinplicity, and even nore difficult to
predict if uncertainty will play a nore inportant role in the future.
An inportant decision is whether an uncertainty area should be
speci fi ed.
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The PI DF-LO Geodeti c Shapes specification [ GeoShape] defines eight
shape types, nost of which are easily translated into shape
definitions used in other applications and protocols, such as the
Open Mobile Alliance (OMA) Mbile Location Protocol (MP). For
conpl et eness, the shapes defined in [ GeoShape] are |isted bel ow

o Point (2d and 3d)

o Polygon (2d)

o Circle (2d)

o Ellipse (2d)

o Arc band (2d)

o Sphere (3d)

o Ellipsoid (3d)

o Prism(3d)

The above-listed shapes MJST be i npl enent ed.

The GeoShape specification [ GeoShape] al so describes a standard set
of coordi nate reference systens (CRS), unit of neasure (UoM and
conventions relating to lines and distances. The use of the world
geodetic system 1984 (WsS84) [WsS84] coordi nate reference system and
the usage of European petrol eum survey group (EPSG code 4326 (as
identified by the URN urn:ogc: def:crs: EPSG : 4326, [CRS-URN]) for two-
di nensi onal (2d) shape representati ons and EPSG 4979 (as identified
by the URN urn:ogc:def:crs: EPSG :4979) for three-di mensional (3d)

vol unme representations is mandated. Distance and heights are
expressed in meters using EPSG 9001 (as identified by the URN

urn: ogc: def : uom EPSG : 9001). Angul ar measures MJST use either
degrees or radians. Measures in degrees MJUST be identified by the
URN ur n: ogc: def : uom EPSG : 9102, neasures in radi ans MJST be
identified by the URN urn:ogc: def:uom EPSG : 9101. Angl es
representing bearings are neasured in a clockw se direction from
Nort hi ng, as defined by the WS84 CRS, not magnetic north.

| mpl ement ati ons MUST specify the CRS using the srsNane attribute on
the outernost geonetry elenent. The CRS MJUST NOT be respecified or
changed for any sub-elenents. The srsDimension attribute SHOULD be
onitted, since the nunber of dinensions in these CRSs is known. A
CRS MUST be specified using the above URN notation only;

i mpl enent ati ons do not need to support user-defined CRSs.
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Nunerical values for coordinates and neasures are expressed using the
| exi cal representation for "double" defined in

[ WBC. REC- xm schema- 2- 20041028]. Leading zeros and trailing zeros
past the decimal point are not significant; for instance "03.07500"
is equivalent to "3.075".

It is RECOWENDED that uncertainty is expressed at a confidence of
95% or higher. Specifying a convention for confidence enabl es better
use of uncertainty val ues.

5.1. Polygon Restrictions

The pol ygon shape type defined in [ GeoShape] intentionally does not
pl ace any constraints on the nunber of vertices that may be incl uded
to define the bounds of a polygon. This allows arbitrarily conpl ex
shapes to be defined and conveyed in a PIDF-LO However, where

| ocation information is to be used in real-time processing
applications, such as |ocation-dependent routing, having arbitrarily
conpl ex shapes consisting of tens or even hundreds of points could
result in significant perfornmance inpacts. To nmitigate this risk,
Pol ygon shapes SHOULD be restricted to a maxi mum of 15 points (16

i ncluding the repeated point) when the |ocation information is
intended for use in real-time applications. This Iimt of 15 points
is chosen to allow noderately conpl ex shape definitions while at the
sanme tinme enabling interoperation with other |ocation transporting
protocol s such as those defined in the 3rd Generation Partnership
Project (3GPP) (see [3GPP.23.032]) and OVA where the 15-point limt

i s already inposed.

The edges of a polygon are defined by the shortest path between two
points in space (not a geodesic curve). Two-dinmensional points MAY
be interpreted as having a zero value for their altitude conponent.
To avoid significant errors arising frompotential geodesic

i nterpol ation, the |l ength between adjacent vertices SHOULD be
restricted to a maxi mumof 130 km Mre information relating to this
restriction is provided in [ GoShape].

A connecting line SHALL NOT cross another connecting line of the sane
Pol ygon.

Pol ygons MJUST be defined with the upward normal pointing up. This is
acconpl i shed by defining the vertices in a counter-clockw se
direction.

Poi nts specified in a polygon using three-dinensional coordinates
MUST all have the sane altitude.
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5.2. Shape Exanpl es

Thi s section provides sone exanpl es of where sonme of the nore conpl ex
shapes are used, how they are determ ned, and how they are
represented in a PIDF-LO  Complete details on all of the GeoShape
types are provided in [ GoShape].

5.2.1. Point

The point shape type is the sinplest form of geodetic |ocation
information (LI), which is natively supported by GML.. The gm : Poi nt
el ement is used when there is no known uncertainty. A point also
forns part of a nunber of other geonetries. A point may be specified
using either WES 84 (latitude, |ongitude) or WGS 84 (Il atitude,
longitude, altitude). Figure 4 shows a 2d point:

<presence xm ns="urn:ietf:parans: xm : ns: pidf"
xm ns: dme"urn:ietf: parans: xm : ns: pi df : dat a- nodel "
xm ns: gp="urn:ietf:parans: xm :ns: pidf:geopriv10"
xm ns:cl ="urn:ietf:paramnms: xm : ns: pi df : geopri v10: ci vi cAddr "
xm ns: gm ="http://ww. opengi s. net/gm "
entity="pres: poi nt 2d@xanpl e. coni' >
<dm devi ce id="point2d">
<gp: geopri v>
<gp: | ocati on-i nf o>
<gm : Poi nt srsName="urn: ogc: def: crs: EPSG : 4326" >
<gm : pos>- 34. 407 150. 883</gm : pos>
</ gm : Poi nt >
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>W r emap</ gp: nmet hod>
</ gp: geopri v>
<dm devi cel D>nmac: 1234567890ab</ dm devi cel D>
<dm ti mest anp>2007- 06- 22T20: 57: 29Z</dm t i nest anp>
</ dm devi ce>
</ presence>

Fi gure 4: PIDF-LO Contai ning a Two- Di nensi onal Poi nt
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Figure 5 shows a 3d point:

<presence xm ns="urn:ietf:params:xm:ns:pidf"
xm ns: dme"urn:ietf: paranms: xm : ns: pi df : dat a- nodel "
xm ns: gp="urn:ietf:paranms: xm :ns: pi df:geopriv1i0"
xm ns: gm ="http://ww. opengi s. net/gnm"
entity="pres: poi nt 3d@xanpl e. coni >
<dm devi ce i d="point3d">
<gp: geopriv>
<gp: | ocati on-i nf o>
<gnl : Poi nt srsName="urn: ogc: def: crs: EPSG : 4979"
xm ns: gm ="http://ww. opengi s. net/gm ">
<gnl : pos>- 34. 407 150. 883 24. 8</gm : pos>
</ gm : Poi nt >
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>W r emap</ gp: net hod>
</ gp: geopriv>
<dm devi cel D>rmac: 1234567890ab</ dm devi cel D>
<dm ti mest anmp>2007- 06- 22T20: 57: 29Z</dm t i nest anp>
</ dm devi ce>
</ presence>

Figure 5: PIDF-LO Containing a Three-Di nensional Point
5.2.2. Polygon

The pol ygon shape type may be used to represent a building outline or
coverage area. The first and | ast points of the polygon have to be
the same. For exanple, looking at the hexagon in Figure 6 with
vertices, A B, C, D E and F. The resulting polygon will be
defined with 7 points, with the first and | ast points both having the
coordi nates of point A

Focoommmmceen E
/ \
/ \

/ \
A D
\ /

\ /

\ /
B-------------- Cc

Figure 6: Exanple of a Polygon

Wnterbottom et al. St andards Track [ Page 14]



RFC 5491 GEOPRI 'V PI DF- LO Usage March 2009

<presence xm ns="urn:ietf:parans: xnm : ns: pi df"
xm ns: gp="urn:ietf:paramnms: xm : ns: pi df : geopri v10"
xm ns: gm ="http://ww. opengi s. net/gm "
entity="pres: hexagon@xanpl e. coni' >
<tupl e i d="pol ygon- pos" >
<st at us>
<gp: geopri v>
<gp: | ocati on-i nfo>
<gm : Pol ygon srsNanme="urn: ogc: def: crs: EPSG : 4326" >
<gnml : exterior>
<gm : Li near Ri ng>
<gnm : pos>43. 311 -73.422</gm : pos> <l --A-->
<gnm : pos>43. 111 -73.322</gm : pos> <l --F-->
<gm : pos>43. 111 -73.222</gmM : pos> <!--E-->
<gm : pos>43. 311 -73.122</gm :pos> <!--D-->
<gm : pos>43. 411 -73.222</gm :pos> <I--C->
<gm : pos>43. 411 -73.322</gm : pos> <I--B-->
<gnm : pos>43. 311 -73.422</gm : pos> <l --A-->
</ gm : Li near Ri ng>
</gm:exterior>
</ gm : Pol ygon>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>W r emap</ gp: met hod>
</ gp: geopri v>
</ status>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ ti mest anp>
</tupl e>
</ presence>

Figure 7: PIDF-LO Containing a Pol ygon
In addition to the formshown in Figure 7, GW supports a posLi st
that provides a nore conpact representation for the coordi nates of

the Polygon vertices than the discrete pos elements. The nore
conpact formis shown in Figure 8. Both forns are permtted.
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<presence xm ns="urn:ietf:parans: xnm : ns: pi df"
xm ns: gp="urn:ietf:paramnms: xm : ns: pi df : geopri v10"
xm ns: gm ="http://ww. opengi s. net/gm "
entity="pres: hexagon@xanpl e. coni' >
<tupl e i d="pol ygon-poslist">
<st at us>
<gp: geopri v>
<gp: | ocati on-i nfo>
<gm : Pol ygon srsNanme="urn: ogc: def: crs: EPSG : 4326" >
<gnml : exterior>
<gm : Li near Ri ng>
<gnl : posLi st>
43.311 -73.422 43.111 -73.322
43.111 -73.222 43.311 -73.122
43.411 -73.222 43.411 -73.322
43.311 -73.422
</ gm : posLi st >
</ gm : Li near Ri ng>
</gm:exterior>
</ gm : Pol ygon>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>W r emap</ gp: net hod>
</ gp: geopriv>
</ status>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ ti mest anp>
</tupl e>
</ presence>

Figure 8: Conpact Form of a Polygon Expressed in a PIDF-LO
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5.2.3. Circle

The circular area is used for coordinates in two-dinmensional CRSs to
descri be uncertainty about a point. The definition is based on the
one-di mensi onal geonetry in GW, gm:CircleByCenterPoint. The center
point of a circular area is specified by using a two-di mensi onal CRS
in three dinensions, the orientation of the circle cannot be
specified correctly using this representation. A point with
uncertainty that is specified in three dinmensions should use the
sphere shape type.

<presence xm ns="urn:ietf:parans: xn : ns: pi df"
xm ns: gp="urn:ietf:parans: xm :ns: pidf:geopriv10"
xm ns: gm ="http://ww. opengis.net/gn"
xm ns: gs="http://ww. opengi s. net/pidflo/1.0"
entity="pres:circl e@xanpl e. cont' >
<tuple id="circle">
<stat us>
<gp: geopri v>
<gp: | ocation-info>
<gs:Circle srsName="urn:ogc: def:crs: EPSG : 4326" >
<gnml : pos>42. 5463 -73.2512</gm : pos>
<gs:radi us uom="urn: ogc: def: uom EPSG : 9001" >
850. 24
</ gs:radi us>
</gs:Circle>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>OTDQA</ gp: met hod>
</ gp: geopriv>
</status>
</tupl e>
</ presence>

Figure 9: PIDF-LO Containing a Grcle
5.2.4. ElIlipse

An elliptical area describes an ellipse in two-dimensional space.

The ellipse is described by a center point, the length of its sem -
maj or and sem -m nor axes, and the orientation of the sem -major
axis. Like the circular area (Circle), the ellipse MIST be specified
usi ng the two-di nensi onal CRS.
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<presence xm ns="urn:ietf:parans: xnm : ns: pi df"
xm ns: gp="urn:ietf:paramnms: xm : ns: pi df : geopri v10"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: gs="http://ww. opengi s. net/pidfl o/ 1. 0"
entity="pres: El | ipse@onecel |.exanpl e. cont >
<tuple id="ellipse">
<st at us>
<gp: geopriv>
<gp: | ocati on-i nfo>
<gs: El li pse srsNane="urn: ogc: def:crs: EPSG : 4326" >
<gm : pos>42. 5463 -73.2512</gmnl : pos>
<gs: sem Maj or AXi s uon¥"urn: ogc: def : uom EPSG : 9001" >
1275
</ gs: sem Maj or Axi s>
<gs: sem M nor Axi s uon¥"urn: ogc: def : uom EPSG : 9001" >
670
</ gs: sem M nor Axi s>
<gs:orientation uom="urn: ogc: def: uom EPSG : 9102" >
43. 2
</ gs:orientation>
</gs:ElIlipse>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: met hod>Devi ce- Assi st ed_A- GPS</ gp: et hod>
</ gp: geopri v>
</ status>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ ti mest anp>
</tupl e>
</ presence>

Figure 10: PIDFLO Containing an Ellipse

The gm : pos el ement indicates the position of the center, or origin
of the ellipse. The gs:sem MajorAxis and gs:sem M norAxi s el enents
are the length of the sem -major and sem -m nor axes, respectively.
The gs:orientation elenent is the angle by which the sem -major axis
is rotated fromthe first axis of the CRS towards the second axis.

For WGS 84, the orientation indicates rotation fromMNorthing to
Easting, which, if specified in degrees, is roughly equivalent to a
conpass bearing (if nagnetic north were the sane as the WGS north
pole). Note: An ellipse with equal major and mnor axis lengths is a
circle.
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5.2.5. Arc Band

The arc band shape type is comopnly generated in wrel ess systens
where tim ng advance or code offsets sequences are used to conpensate
for distances between handsets and the access point. The arc band is
represented as two radii enmanating froma central point, and two
angl es that represent the starting angle and the opening angle of the
arc. In a cellular environnent, the central point is nomnally the

| ocation of the cell tower, the two radii are determned by the
extent of the timng advance, and the two angles are generally
provi si oned information

For exanple, Paul is using a cellular wireless device and is 7 timng
advance synbols away fromthe cell tower. For a GSM based network,
this would place Paul roughly between 3,594 neters and 4, 148 neters
fromthe cell tower, providing the inner and outer radius values. |If
the start angle is 20 degrees fromnorth, and the opening angle is
120 degrees, an arc band representing Paul’s |ocation would | ook
simlar to Figure 11.

N A ,
| a(s) / ‘-
| 20 / .
|--. |/ ‘
| “/ \
| \
| . \
| ‘ \
|. \ \

---¢c-- a(o) -- | | -->
|. / 120 | E
| / ’

I / ;
/
r(i)’. /
(3594m) /
r(o)"’
(4148m

Figure 11: Exanple of an Arc Band

The resulting PIDF-LO is shown in Figure 12.
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<presence xm ns="urn:ietf:parans: xnm : ns: pi df"
xm ns: gp="urn:ietf:paramnms: xm : ns: pi df : geopri v10"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: gs="http://ww. opengi s. net/pidfl o/ 1. 0"
entity="pres: paul @onecel | . exanpl e. cont' >
<tupl e id="arcband">
<st at us>
<gp: geopriv>
<gp: | ocati on-i nfo>
<gs: ArcBand srsNane="urn: ogc: def:crs: EPSG : 4326" >
<gm : pos>-43. 5723 153. 21760</ gm : pos>
<gs: i nner Radi us uom="urn: ogc: def: uom EPSG : 9001" >
3594
</ gs:innerRadi us>
<gs: out er Radi us uom="urn: ogc: def: uom EPSG : 9001" >
4148
</ gs: out er Radi us>
<gs: start Angl e uon¥"urn: ogc: def : uom EPSG : 9102" >
20

</ gs:start Angl e>
<gs: openi ngAngl e uon¥"urn: ogc: def: uom EPSG : 9102" >
20

</ gs: openi ngAngl e>
</ gs: ArcBand>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: met hod>TA- NVR</ gp: net hod>
</ gp: geopri v>
</ st atus>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ t i nest anp>
</tupl e>
</ presence>

Figure 12: PIDF-LO Containing an Arc Band
An inportant note to nake on the arc band is that the center point
used in the definition of the shape is not included in resulting

encl osed area, and that Target may be anywhere in the defined area of
the arc band.
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5.2.6. Sphere

The sphere is a volune that provides the same information as a circle
in three dimensions. The sphere has to be specified using a three-

di mensional CRS. Figure 13 shows the sphere shape type, which is
identical to the circle exanple, except for the addition of an
altitude in the provided coordi nates.

<presence xm ns="urn:ietf:params:xm:ns:pidf"
xm ns: gp="urn:ietf:paramnms: xm :ns:pidf:geopriv10"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: gs="http://ww. opengi s. net/pidflo/1l.0"
entity="pres: sphere@xanpl e. cont' >
<tupl e id="sphere">
<stat us>
<gp: geopri v>
<gp: | ocati on-i nf o>
<gs: Sphere srsNanme="urn: ogc: def: crs: EPSG : 4979" >
<gnl : pos>42. 5463 -73. 2512 26. 3</gm : pos>
<gs: radi us uom="urn: ogc: def: uom EPSG : 9001" >
850. 24
</ gs:radi us>
</ gs: Spher e>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>Devi ce- Based_A- GPS</ gp: net hod>
</ gp: geopri v>
</ status>
</tupl e>
</ presence>

Figure 13: PIDFLO Containing a Sphere
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5.2.7. ElIlipsoid

The ellipsoid is the volune nmost conmonly produced by GPS systens.

It is used extensively in navigation systens and wireless |ocation
networks. The ellipsoid is constructed around a central point
specified in three dinmensions, and three axes perpendicular to one
anot her are extended outwards fromthis point. These axes are
defined as the sem -ngajor (M axis, the sem-mnor (m axis, and the
vertical (v) axis, respectively. An angle is used to express the
orientation of the ellipsoid. The orientation angle is neasured in
degrees fromnorth, and represents the direction of the sem -major
axis fromthe center point.

\
_._\Il nn Il/\ll nmon Il_._
. \ | ‘.

/ vV m \
| \ |
| C e M-- >
| |

\ /

Figure 14: Exanple of an Ellipsoid
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A PIDF-LO containing an ellipsoid appears as shown in Figure 15.

<presence xm ns="urn:ietf:params:xm:ns:pidf"
xm ns: gp="urn:ietf:paramnms: xm :ns: pidf:geopriv10"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: gs="http://ww. opengi s. net/pidflo/1.0"
entity="pres: sonone@psrecei ver. exanpl e. cont' >
<tuple id="ellipsoid">
<st at us>
<gp: geopri v>
<gp: | ocati on-i nf o>
<gs: El l'i psoid srsName="urn: ogc: def: crs: EPSG : 4979" >
<gnl : pos>42. 5463 -73. 2512 26. 3</gm : pos>
<gs: sem Maj or AXi s uon¥"urn: ogc: def : uom EPSG : 9001" >
7.7156
</ gs: sem Maj or Axi s>
<gs: sem M nor Axi s uon¥"urn: ogc: def : uom EPSG : 9001" >
3.31
</ gs:sem M nor Axi s>
<gs:vertical Axi s uome"urn: ogc: def : uom EPSG : 9001" >
28.7
</ gs:vertical Axi s>
<gs:orientation uom="urn: ogc: def: uom EPSG : 9102" >
90
</ gs:orientation>
</gs:ElIlipsoid>
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: net hod>Hybri d_A- GPS</ gp: net hod>
</ gp: geopriv>
</status>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ ti mest anp>
</tupl e>
</ presence>

Figure 15: PIDFLO Containing an Ellipsoid
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5.2.8. Prism

A prismnmay be used to represent a section of a building or range of
floors of building. The prismextrudes a polygon by providing a

hei ght elenent. It consists of a base nade up of coplanar points
defined in 3 dinensions all at the sane altitude. The prismis then
an extrusion fromthis base to the value specified in the height

el enent. The height of the Prism MJST be a positive value. The
first and last points of the polygon have to be the sane.

For exanple, looking at the cube in Figure 16: if the prismis
extruded fromthe bottom up, then the polygon form ng the base of the
prismis defined with the points A, B, C, D, A The height of the
prismis the distance between point A and point E in neters.

G----F
I I
I
H-+-E |
| C-|--B
|7 |/
|/ |/
D----A

Figure 16: Exanple of a Prism
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The resulting PIDF-LO is shown in Figure 17.

<presence xm ns="urn:ietf:params:xm:ns:pidf"
xm ns: gp="urn:ietf:paramnms: xm :ns: pidf:geopriv10"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: gs="http://ww. opengi s. net/pidflo/1.0"
entity="pres: m ke@onepri sm exanpl e. coni' >
<tuple id="prisni>
<st at us>
<gp: geopri v>
<gp: | ocati on-i nf o>
<gs: Prism srsNane="urn: ogc: def: crs: EPSG : 4979" >
<gs: base>
<gm : Pol ygon>
<gm : exterior>
<gni : Li near Ri ng>
<gm : posLi st >

42.556844 -73.248157 36.6 <I--A-->
42.656844 -73.248157 36.6 <!--B-->
42.656844 -73.348157 36.6 <!--C-->
42.556844 -73.348157 36.6 <!--D-->
42.556844 -73.248157 36.6 <I--A-->

</ gm : posLi st >
</ gm : Li near Ri ng>
</gm:exterior>
</ gm : Pol ygon>
</ gs: base>
<gs: hei ght uom="urn: ogc: def : uom EPSG : 9001" >
2.4

</ gs: hei ght >
</ gs: Prisnp
</ gp: | ocation-info>
<gp: usage-rul es/ >
<gp: met hod>W r emap</ gp: net hod>
</ gp: geopri v>
</ status>
<ti mest anp>2007- 06- 22T20: 57: 29Z</ t i nest anp>
</tupl e>
</ presence>

Figure 17: PIDF-LO Containing a Prism
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6.

8.

8.

Security Considerations

The primary security considerations relate to how | ocation
information is conveyed and used, which are outside the scope of this
docunent. This docunent is intended to serve only as a set of

gui delines as to which elements MJUST or SHOULD be inpl enented by
systens wishing to perform | ocation dependent routing. The

ram fication of such recomendations is that they extend to devices
and clients that wish to nmake use of such services.
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