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1. Introduction
[bookmark: OLE_LINK2]Since Rel-15, the RAN node includes the RAN Access Point Position information to provide the location of the TPs (TRP) to the LMF (or E-SMLC) by using global coordinates. This coordinates are used in various positioning methods. In the last RAN3 meeting, it was agreed to include the “TRP Geographical Coordinates” in the TRP Information Exchange procedure [1] over NRPPa and F1 to allow the reporting from gNB to LMF.
This paper discusses “TRP Geographical Coordinates” accuracy with regards to future 5G small cells, IAB, indoor, enterprise and factory deployments.
2. Discussion
[bookmark: _Toc25914616][bookmark: _Toc25914992][bookmark: _Toc31368105][bookmark: _Toc31368120]2.1 The precision of the TRP coordinate
The coordinate information of the TRP is important because the UE location is derived from the location of the TRPs. It is obvious to us that an accurate location information of the TRPs can directly improve the UE location calculation at LMF. In Rel-15, the TP (TRP) location information is described by the “NG-RAN Access Point Position”. This IE will be re-used to describe the TRP locations as “TRP Geographical Coordinates” Information Element.
In the “NG-RAN Access Point Position”, the coordinate has the following values using Point representation in Universal Geographical Area Description (GAD) TS 23.032 [2], where
· The latitude is coded with 24 bits: 1 bit of sign and a number between 0 and 223-1 coded in binary on 23 bits. 
· The longitude, expressed in the range -180°, +180°, is coded as a number between -223 and 223-1, coded in 2's complement binary on 24 bits.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER
(0..223-1)
	The IE value (N) is derived by this formula:
N223 X /90  N+1
X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER
(-223..223-1)
	The IE value (N) is derived by this formula:
N224 X /360  N+1
X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)
	

	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N  a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).



[bookmark: OLE_LINK23]The “Degrees Of Longitude” is valued from -223..223-1 to represent the longitude range from -180 to 180 in degreee. It can be derived a positioning resolution about 2.4 meter. This precision of the positioning can be useful for some outdoor scenarios when the target accuracy is 10 meters. 
However, in context of 5G verticals, it is far not enough for the indoor positioning. In typical indoor postioning scenario, such as positioning in factory, shopping mall, hospital, etc., the precise of the positoning is expected to be 1 meter/sub-meter level. Therefore, it is proposed to enhance the precision of the TRP coordianate. It is proposed to add higher accuracy representations of the degrees of latitude and longitude, which have the maximum value of degrees of latitude and longitude of 231-1.
Observation 1: The “NG-RAN Access Point Position” IE can be re-used to describe the location of TRP. But the precision is far not enough for the indoor postioning.
Proposal 1: Include the “NG-RAN Access Point Position” IE in the “TRP Geographical Coordinates” IE.
Proposal 2: Add higher accuracy representation of the degrees of latitude and longitude which have the maximum value of 231-1 in the “NG-RAN Access Point Position” IE.

2.2 The relative location with Cartesian coordinate
In some indoor scenarios, it might be difficult to obtain the accurate GPS coordinates of the TRPs, as the GPS signals could be blocked by the building walls, which requires additional and unnecessary work load of calibrating indoor location. Thus, the RAN node may not be able to provide the accurate or effective global coordinates to the LMF, which can lead to large error for the UE positioning. 
An effective solution to this problem is to provide the relative location with Cartesian coordinate. The Cartesian coordinate can be described by XYZ values. With this information, the accuracy of the TRP location at LMF can be guaranteed for the scenario where accurate global coordinates are hard to obtain.
From engineering point of view, it seems to us, an easier and robust process to report the site location based on a reference point (antenna on roof top, well know reference point, etc … ) than to report the “GAD” coordinates” of the TRPs deployed as example belong a factory’s product line with upper administrative floor etc…  
The signalling of Cartesian Coordinated associated with a reference point will also let know the LMF that the Geographical Coordinates are exact i.e. without the uncertainty related to GAD.
The relative location with Cartesian coordinate can be described as follows:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Referencial 
	M
	
	
	Referencial point (0,0,0) from where the XYZ values are deduced from

	>Relative Coordinate
	
	
	
	

	>>Relative Coordinate ID
	M
	
	INTEGER(0.. 231-1,..)
	Referential ID maped via OAM

	XYZ unit
	M
	
	ENUMERATED (cm, dm,..)
	

	X value
	M
	
	INTEGER
(-231.. 231-1)
	

	Y value
	M
	
	INTEGER
(-231.. 231-1)
	

	Z value
	M
	
	INTEGER
(-215.. 215-1)
	



The XYZ values describe the coordinate values on X, Y, Z axis respectively of the TRP. The “Referential” is used to uniquely identify a referential point (0, 0, 0) from where XYZ are derived. The Referential could be any particular global location where that exact location can be determined and serve as reference. We propose here to use a Relative Coordinate ID IE, where the exact coordinates could be mapped by OAM. The choice in the structure will allow the possibility to select other methods if needed e.g. Master TRP, GNSS Coordinates etc … 
Observation 2: The global coordinate representation of the TPR location could lead to large error for indoor positioning, while relative Cartesian coordinate can guarantee the accuracy of the TRP location at LMF.
Proposal 3: Include the relative Cartesian coordinate as an option in “TRP Geographical Coordinates” IE. 
A TP to 38.455 has been provided in this paper. We also provide a TP to 38.473, which can be find in [3].
The introduction of the higher accuracy will be able to be used in Rel-15 by backward compatible way and the Relative Coordinates will impact rel-16 only.
Proposal 4: Agree the TP for TS 38.455 and TS 38.473.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1: The “NG-RAN Access Point Position” IE can be re-used to describe the location of TRP. But the precision of the TRP coordinates is far not enough for the indoor postioning.
Proposal 1: Include the “NG-RAN Access Point Position” IE in the “TRP Geographical Coordinates” IE.
Proposal 2: Add higher accuracy representation of the degrees of latitude and longitude which have the maximum value of 231-1 in the “NG-RAN Access Point Position” IE.
Observation 2: The global coordinate representation of the TPR location could lead to large error in indoor positioning, while relative Cartesian coordinate can guarantee the accuracy of the TRP location at LMF.
Proposal 3: Include the relative Cartesian coordinate as an option in “TRP Geographical Coordinates” IE. 
The introduction of the higher accuracy will be able to be used in Rel-15 by backward compatible way and the Relative Coordinates will impact rel-16 only.
Proposal 4: Agree the TP for TS 38.455 and TS 38.473.
4. Reference
[1] RAN3#107bis Chairman notes.
[2] TS 23.032, Universal Geographical Area Description (GAD)
Annex – TP to TS 38.455
[bookmark: _Toc14165662]Start of the first change
[bookmark: _Toc534903089]9.2.bb	TRP Information
The TRP Information IE contains information for one TRP within an NG-RAN node. 
[Editor’s Note: further details on the IEs are FFS]
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	TRP ID
	M
	
	9.2.aa
	

	TRP Information Type
	
	1 .. <maxnoTRPInfoTypes>
	
	

	>CHOICE TRP Information Item
	M
	
	
	

	 >>PRS ID
	M
	
	INTEGER (0..255)
	DL PRS ID

	 >>NR PCI
	M
	
	INTEGER (0..1007)
	NR Physical Cell ID

	 >>NG-RAN CGI
	M
	
	9.2.6
	

	>>NR ARFCN
	M
	
	INTEGER (0..3279165)
	

	>>Timing Information
	M
	
	9.2.z6
	

	>>PRS Configurations
	M
	
	9.2.z7
	

	>>SSB Configurations
	M
	
	9.2.z8
	

	>>SFN Initialisation Time
	M
	
	BIT STRING (64)
	

	>>Spatial Direction Information
	M
	
	9.2.z9
	

	>>Geographical Coordinates
	M
	
	9.2.z10
	



	Range bound
	Explanation

	maxnoTRPInfoTypes
	Maximum no of TRP information types that can be requested and reported with one message. Value is FFS.





Next Change
9.2.z10	Geographical Coordinates
This information element contains the geographical coordinates for the TRP.
[Editor’s Note: further details on the IEs are FFS / pending RAN2]
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Access Point
	M
	
	
	

	>Access Point Position
	
	
	
	

	>>NG-RAN Access Point Position
	M
	
	9.2.10
	The configured estimated geographical position of the antenna of the cell/TRP.

	>Access Point Position Relative
	
	
	
	

	>>NG-RAN Access Point Position Relative
	M
	
	9.2.xx
	The configured estimated relative Cartesian coordinate of the antenna of the cell/TRP



9.2.10	NG-RAN Access Point Position
The NG-RAN Access Point Position IE is used to identify the geographical position of an NG-RAN Access Point. It is expressed as ellipsoid point with altitude and uncertainty ellipsoid according to TS 23.032 [8].
	[bookmark: OLE_LINK13]IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER
[bookmark: OLE_LINK5](0..223-1)
	The IE value (N) is derived by this formula:
N223 X /90  N+1
X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER
(-223..223-1)
	The IE value (N) is derived by this formula:
N224 X /360  N+1
X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)

	

	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N  a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).

	Uncertainty semi-major
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Uncertainty semi-minor
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Orientation of major axis
	M
	
	INTEGER (0..179)
	

	Uncertainty Altitude
	M
	
	INTEGER (0..127)
	The uncertainty altitude "h" expressed in metres is derived from the "uncertainty code" k, by:
h=45x(1.025k-1).

	Confidence
	M
	
	INTEGER (0..100)
	In percentage

	High Accuracy Degrees Of Latitude
	O
	
	INTEGER
(0..231-1)
	The IE value (N) is derived by this formula:
N231 X /90  N+1
X being the latitude in degrees (0°.. 90°).

If this IE is present, the IE Degrees Of Latitude should be ignored.

	High Accuracy Degrees Of Longitude
	O
	
	INTEGER
(-231..231-1)
	The IE value (N) is derived by this formula:
N232 X /360  N+1
X being the longitude in degrees (-180°..+180°).

If this IE is present, the IE Degrees Of Longitude should be ignored.

	High Accuracy Altitude Unit
	O
	
	ENUMERATED (m, dm,..)
	If this IE is present, the unit of the IE Altitude should refer to this IE.



9.2.xx	 NG-RAN Access Point Position Relative
The NG-RAN Access Point Position Relative IE is used to identify the geographical position of an NG-RAN Access Point using relative Cartesian coordinate, which is expressed as XYZ values.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	1CHOICE Referencial 
	M
	
	
	Referencial point (0,0,0) from where the XYZ values are deduced from

	>Relative Coordinate 
	
	
	
	

	>>Relative Coordinate ID
	M
	
	INTEGER(0.. 231-1,..)
	Referential ID maped via OAM

	XYZ unit
	M
	
	[bookmark: OLE_LINK39]ENUMERATED (cm, dm,..)
	

	X value
	M
	
	INTEGER
(-231.. 231-1)
	

	Y value
	M
	
	INTEGER
[bookmark: OLE_LINK12](-231.. 231-1)
	

	Z value
	M
	
	INTEGER
(-215.. 215-1)
	



Next Change


[bookmark: _Toc534903103]9.3.5	Information Element definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

<Unchanged Text Omitted>


-- G






GeographicalCoordinates ::= CHOICE {
	nGRANAccessPointPosition					NG-RANAccessPointPosition,
	nGRANAccessPointPositionRelative			NG-RANAccessPointPositionRelative, 
	choice-extension							ProtocolIE-SingleContainer { { GeographicalCoordinates-ExtIEs } }
}

GeographicalCoordinates-ExtIEs NRPPA-PROTOCOL-IES ::= {
	...
}



-- N

NarrowBandIndex ::= INTEGER (0..15,...)

NG-RANAccessPointPosition ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	latitude					INTEGER (0..8388607),
	longitude					INTEGER (-8388608..8388607),
	directionOfAltitude			ENUMERATED {height, depth},
	altitude					INTEGER (0..32767),
	uncertaintySemi-major		INTEGER (0..127),
	uncertaintySemi-minor		INTEGER (0..127),
	orientationOfMajorAxis		INTEGER (0..179),
	uncertaintyAltitude			INTEGER (0..127),
	confidence					INTEGER (0..100), 
	highAccuracyLatitude		INTEGER (0..2147483647)					OPTIONAL,
	highAccuracyLongitude		INTEGER (-2147483648..2147483647)		OPTIONAL,
	HighAccuracyAltitudeUnit	ENUMERATED {m, dm, ...}					OPTIONAL,

	iE-Extensions				ProtocolExtensionContainer { { NG-RANAccessPointPosition-ExtIEs} } OPTIONAL,
	...
}

NG-RANAccessPointPosition-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

NG-RANAccessPointPositionRelative ::= SEQUENCE {
	referencial					Referencial,
	xYZUnit						ENUMERATED {cm, dm, ...},
	xValue						INTEGER (-2147483648..2147483647),
	yValue						INTEGER (-2147483648..2147483647),
	zValue						INTEGER (-32768..32767),
	iE-Extensions				ProtocolExtensionContainer { { NG-RANAccessPointPositionRelative-ExtIEs} } OPTIONAL
}

NG-RANAccessPointPositionRelative-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}


Referencial ::= CHOICE {
	relativeCoordinate				RelativeCoordinateID,
	choice-extension				ProtocolIE-SingleContainer { { Referencial-ExtIEs } }
}

Referencial-ExtIEs NRPPA-PROTOCOL-IES ::= {
	...
}

RelativeCoordinateID ::= INTEGER (0..2147483647)


<Unchanged Text Omitted>


End of the last change

Annex – TP to TS 38.473
Start of the first change
9.3.1.e	TRP Information
The TRP Information IE contains information for one TRP within a gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	TRP ID
	M
	
	INTEGER(1..16384)
	

	Cell Information
	M
	
	NR CGI
9.3.1.12
	

	PRS Configurations
	O
	
	9.3.1.f
	

	Geographical Coordinates
	M
	
	Access Point Position
9.3.1.z
	The configured estimated geographical position of the antenna of the cell/TRP.

	TRP Information Type Response List
	
	1
	
	

	>TRP Information Type Response Item
	
	1 .. <maxnoofTRPInfoTypes>
	
	

	>>CHOICE TRP Information Type Response Item
	M
	
	
	

	>>>NR ARFCN
	M
	
	INTEGER (0..3279165)
	



	Range bound
	Explanation

	maxnoofTRPInfoTypes
	Maximum no of TRP information types that can be requested and reported with one message. Value is FFS.




Start of the next change
9.3.1.z	Geographical Coordinates
This information element contains the geographical coordinates for the TRP.
[Editor’s Note: further details on the IEs are FFS / pending RAN2]
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Access Point
	M
	
	
	

	>Access Point Position
	
	
	
	

	>>NG-RAN Access Point Position
	M
	
	9.2.10
	The configured estimated geographical position of the antenna of the cell/TRP.

	>Access Point Position Relative
	
	
	
	

	>>NG-RAN Access Point Position Relative
	M
	
	9.2.xx
	The configured estimated relative Cartesian coordinate of the antenna of the cell/TRP






Start of the next change

9.3.1.y	NG-RAN Access Point Position
The NG-RAN Access Point Position IE is used to identify the geographical position of an NG-RAN Access Point. It is expressed as ellipsoid point with altitude and uncertainty ellipsoid according to TS 23.032.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER
(0..223-1)
	The IE value (N) is derived by this formula:
N223 X /90  N+1
X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER
(-223..223-1)
	The IE value (N) is derived by this formula:
N224 X /360  N+1
X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)

	

	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N  a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).

	Uncertainty semi-major
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Uncertainty semi-minor
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Orientation of major axis
	M
	
	INTEGER (0..179)
	

	Uncertainty Altitude
	M
	
	INTEGER (0..127)
	The uncertainty altitude "h" expressed in metres is derived from the "uncertainty code" k, by:
h=45x(1.025k-1).

	Confidence
	M
	
	INTEGER (0..100)
	In percentage

	High Accuracy Degrees Of Latitude
	O
	
	INTEGER
(0..231-1)
	The IE value (N) is derived by this formula:
N231 X /90  N+1
X being the latitude in degrees (0°.. 90°).

If this IE is present, the IE Degrees Of Latitude should be ignored.

	High Accuracy Degrees Of Longitude
	O
	
	INTEGER
(-231..231-1)
	The IE value (N) is derived by this formula:
N232 X /360  N+1
X being the longitude in degrees (-180°..+180°).

If this IE is present, the IE Degrees Of Longitude should be ignored.

	High Accurace Altitue Unit
	O
	
	ENUMERATED (m, dm,..)
	If this IE is present, the unit of the IE Altitude should refer to this IE.


Start of the next change

9.3.1.a	 NG-RAN Access Point Position Relative
The NG-RAN Access Point Position Relative IE is used to identify the geographical position of an NG-RAN Access Point using relative Cartesian coordinate, which is expressed as XYZ values.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Relative Coordinate ID
	M
	
	INTEGER(0.. 231-1,..)
	

	XYZ unit
	M
	
	ENUMERATED (cm, dm,..)
	

	X value
	M
	
	INTEGER
(-231.. 231-1)
	

	Y value
	M
	
	INTEGER
(-231.. 231-1)
	

	Z value
	M
	
	INTEGER
(-27.. 27-1)
	




Start of the next change
 

NGRANAccessPointPosition ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	latitude					INTEGER (0..8388607),
	longitude					INTEGER (-8388608..8388607),
	directionOfAltitude			ENUMERATED {height, depth},
	altitude					INTEGER (0..32767),
	uncertaintySemi-major		INTEGER (0..127),
	uncertaintySemi-minor		INTEGER (0..127),
	orientationOfMajorAxis		INTEGER (0..179),
	uncertaintyAltitude			INTEGER (0..127),
	confidence					INTEGER (0..100),
	highAccuracyLatitude		INTEGER (0..2147483647)					OPTIONAL,
	highAccuracyLongitude		INTEGER (-2147483648..2147483647)		OPTIONAL,
	HighAccuracyAltitudeUnit	ENUMERATED {m, dm, ...}					OPTIONAL,
	iE-Extensions				ProtocolExtensionContainer { { NGRANAccessPointPosition-ExtIEs} } OPTIONAL
}

NGRANAccessPointPosition-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
	...
}

NGRANAccessPointPositionRelative ::= SEQUENCE {
	referencial					Referencial,
	xYZUnit						ENUMERATED {cm, dm, ...},
	xValue						INTEGER (-2147483648..2147483647),
	yValue						INTEGER (-2147483648..2147483647),
	zValue						INTEGER (-32768..32767),
	iE-Extensions				ProtocolExtensionContainer { { NGRANAccessPointPositionRelative-ExtIEs} } OPTIONAL
}

NGRANAccessPointPositionRelative-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
	...
}

Referencial ::= CHOICE {
	relativeCoordinate				RelativeCoordinateID,
	choice-extension				ProtocolIE-SingleContainer { { Referencial-ExtIEs } }
}

Referencial-ExtIEs F1AP-PROTOCOL-IES ::= {
	...
}

RelativeCoordinateID ::= INTEGER (0..2147483647)


Start of the next change

[bookmark: _Hlk39758508]TRPInformation ::= SEQUENCE {
	tRPID							TRPID,
	nRCGI							NRCGI,
	pRSConfigurations				PRSConfigurations	OPTIONAL,
	nGRANAccessPointPositiongeographicalCoordinates		NGRANAccessPointPositionGeographicalCoordinates,
	tRPInformationTypeResponseList	TRPInformationTypeResponseList,
	iE-Extensions					ProtocolExtensionContainer { { TRPInformation-ExtIEs } }		OPTIONAL
}

TRPInformation-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
	...
}


GeographicalCoordinates ::= CHOICE {
	nGRANAccessPointPosition					NGRANAccessPointPosition,
	nGRANAccessPointPositionRelative			NGRANAccessPointPositionRelative, 
	choice-extension							ProtocolIE-SingleContainer { { GeographicalCoordinates-ExtIEs } }
}

GeographicalCoordinates-ExtIEs F1AP-PROTOCOL-IES ::= {
	...
}

End of the last change


