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1. 	Introduction
At RAN2#106, it was agreed that UE-based DL-only positioning is supported at least for the case of unicast assistance data [1]. The DL NR positioning techniques listed in the WID comprise DL-TDOA, DL-AoD, and E-CID [2]. Further agreements were made at RAN2#107 on broadcast of assistance data [3]: 
"Broadcast of AD for UE-based DL positioning is supported in the specification but not mandated for any particular deployment".
"UE-based and UE-assisted DL positioning AD go in separate posSIBs".
In this contribution we propose the assistance data details for UE-based DL-only positioning. 

2. 	Discussion
For UE-based mode, the target device performs both positioning measurements and computation of a location estimate. Assistance data to support the positioning measurements are also needed for UE-based mode (in the same way as for UE‑assisted mode) and for NR are expected to contain similar information as defined for LTE (which in case of OTDOA for example contains reference and neighbour TRP information, including the PRS configuration details as discussed in [4]). The additional assistance data needed to support UE-based mode can be defined separately (similar as in e.g. UMTS [5]). This allows providing positioning measurement and position calculation assistance data individually (and allows a target device to request any missing assistance data for the specific mode being used (UE-assisted or UE-based) without receiving unneeded assistance data for a mode that is not being used). As summarized in section 1 above it was already agreed that UE-based and UE-assisted DL positioning AD go in separate posSIBs, therefore: 
Proposal 1:	The positioning measurement assistance data and position calculation assistance data are defined in separate IEs. 
The development of the details of the position calculation assistance data can make use of previous work in RAN2 (e.g., for UMTS [5], or during the LTE Rel-15 "UE Positioning Accuracy Enhancements for LTE" work item [6]). For example, the following assistance data for UE-based OTDOA are defined for UMTS ([5] section 10.3.7.103a "UE positioning OTDOA assistance data for UE-based") which are generally also applicable to NR native positioning methods:
- 	Cell (antenna) locations for the reference cell, and each neighbour cell;
-	Real (or Relative) Time Differences (RTDs) (base station synchronization difference);
-	Quality of RTDs;
-	RTD drift rate;	
-	Round Trip Time (RTT) for all serving cells (active set). 
OMA LPPe [7] also supports assistance data for UE-based OTDOA in LTE, which are based on the UMTS assistance data summarized above.

Compared to e.g. LTE, the DL-PRS can be transmitted in narrow beams (for both, FR1 and FR2), as illustrated in Figure 1 below. The relevant status in RAN1 can be summarized as follows [1,3]: A DL-PRS Resource Set is defined as a set of DL-PRS Resources where each DL-PRS Resource has a DL-PRS Resource ID. The DL PRS Resources in a DL PRS Resource Set are associated with the same Transmission-Reception Point (TRP) (e.g. same gNB or same gNB-DU). Each DL-PRS Resource ID in the DL PRS Resource Set is associated with a specific beam. A TRP may be configured with multiple PRS Resource Sets.
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Figure 1: Illustration of DL-PRS Resource Set and Spatial Direction of DL-PRS Resources.
Compared to LTE, the RSTD measurements are not made "between cells" but between "beams", where the beams (Resource IDs) may even belong to the same TRP.  In particular, a DL RSTD measurement may be identified using a DL PRS Resource ID, a subset of DL PRS Resource IDs from a single DL PRS Resource set, and/or a DL PRS Resource set [1,3]. Therefore, the "antenna reference point (ARP)" location (using the RTK terminology of ARP) must be per Resource ID. RSTD measurements per beam (Resource ID) of a TRP may for example allow identifying the beam which results in the earliest time of arrival, and therefore, may allow excluding DL-PRS measurements in the position calculation whose beams point to a e.g. reflecting object resulting in additional excess delay at the target device. In addition, since each beam has a specific heading (azimuth and elevation angle), it permits a direction to be determined from a TRP which can be combined with e.g. RSTD measurements to determine the target device location.  The directional information of DL-PRS Resources is also exploited in the DL-AoD method, where the target device determines the beam(s) pointing towards the target device, e.g., by performing RSRP measurements on DL-PRS Resources. Therefore, the directional information of DL-PRS should be included in the position calculation assistance data.
Proposal 2:	Include spatial direction information of the DL-PRS Resources in the position calculation assistance data (e.g., azimuth, elevation, beamwidth).
Note, that the RAN1 parameter list [9] also includes the DL-PRS-ResourceAzimuthAngle and DL-PRS-ResourceElevationAngle as well. 
In order to reduce the number of bits required for the TRP location information, the neighbour TRP locations can be defined as delta-locations relative to the reference TRP location (similar to e.g. [5, 7]). Each TRP comprises one or more DL-PRS Resource Sets, whose ARP locations may or may not coincide with the TRP location. For example, different antenna panels may be used for different DL-PRS Resource Sets. The ARP for each Resource Set of a TRP can be defined as delta-locations relative to the TRP location. Each DL-PRS Resource in the DL‑PRS Resource Set can be defined as delta relative to the corresponding DL-PRS Resource Set ARP. The ARP of each DL-PRS Resource may or may not coincide with the associated DL-PRS Resource Set ARP. For example, beams are typically created using a subset of the antenna elements, or a panel is split into subpanels as illustrated in Figure 2 below. In this way, the ARP of each DL-PRS Resource can be provided with desired resolution/granularity with minimal overhead.   


Proposal 3:	Define the Antenna Reference Point (ARP) locations for each DL-PRS Resource ID as delta locations relative to a reference point. In particular: 
-	define an absolute reference point location for the reference TRP, followed by a list of relative locations for each neighbour TRP; 
- 	each PRS Resource Set ARP location of a TRP is defined relative to the TRP location; 
- 	each PRS Resource ARP location in the PRS Resource Set is defined relative to the PRS Resource Set ARP.

NOTE: 	Proposal 2 and 3 also applies to NRPPa for UE-assisted mode.
Note that the hierarchical levels of location (TRP, resource set, resource ID) can be reduced using a convention that any delta location which is omitted is zero. 
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Figure 2: Illustration of a TRP antenna with multiple panels, where each panel has multiple antenna elements. Inside each panel, for each polarization, all the elements of each column may be used to form one beam, and therefore, beams of the same panel are transmitted from different physical locations on the x-axis (in this example).
As summarized in section 1 above, for broadcast of assistance data, positioning measurement assistance data (e.g. for UE-assisted) and position calculation assistance data (for UE-based) are provided in separate posSIBs. This allows different ciphering for UE-assisted and UE‑based mode, and therefore, controlled access to UE-assisted and UE-based services individually for a network operator. The UE-based specific assistance data listed above (before Proposal 2) contain rather static information (such as antenna locations) and more dynamic data (such as the RTDs). Defining separate posSIB Types for "static" and "dynamic" data would be advantageous since it would allow different broadcast periodicities for the static and more dynamic data. In addition, the "static data" may be useful for various DL-only methods (e.g., DL-AOD) which would not require the e.g. RTDs, and thus, reduces the overhead for such methods. It  also enables more control for an network operator since it allows ciphering the different data (posSIBs) separately.
Proposal 4:	Split the position calculation assistance data into two separate posSIBs, one containing the rather static TRP coordinates and one containg the more dynamic synchronization differences (RTDs).

3. 	Position calculation assistance data
A text proposal for the position calculation assistance data is provided in section 4 below according to the Proposals above. The following principles are used:
(1)	A single high level IE PositionCalculationAssistance is proposed which may be included in various Provide Assistance Data IEs (see also [4]).
The IE PositionCalculationAssistance comprises all the information required for UE-based mode individually (as optional fields) such that a subset of the information can be provided when needed. The identifiers (cell IDs/TRP IDs, Resource Set IDs, Resource IDs) are summarized in a single field (assistanceDataTRP-List), which has the advantage that the identifiers do not need to be repeated in the various fields included in the IE PositionCalculationAssistance. However, it requires that all the fields have the same number of elements in each SEQUENCE; i.e., in case of non-available or non-applicable information for a particular ID (Cell/TRP, Resource Set, Resource) an empty SEQUENCE would be included.
(2)	The IE TRP-LocationInfo provides the TRP locations for a reference TRP and a list of neighbour TRPs, and optionally the ARPs per DL-PRS Resource ID. In particular: 
(a)	A ReferencePoint for the reference TRP is defined which may be a EllipsoidPointWithAltitudeAndUncertaintyEllipsoid or a HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid. This is the only GAD shape IE provided in the IE PositionCalculationAssistance.
(b)	A generic RelativeLocation IE is defined which allows geodetic locations relative to a reference point with various granularities together with uncertainty. 
Granularities of 0.03, 0.3, 3, and 30 milliarcseconds (mas) are proposed. These granularities correspond to approximately (at the equator):
			0.03 milliarcseconds	~ 8.3×10-9 deg; approx. ~ 0.00092 m
0.3 milliarcseconds		~ 8.3×10-8 deg; approx. ~ 0.0092 m
3 milliacrseconds		~ 8.3×10-7 deg; approx. ~ 0.092 m
30 milliarcseconds	~ 8.3×10-6 deg; approx. ~ 0.92 m.
The delta-latitude and delta-longitude for the relative location can be provided as a "fine delta" with the granularity above together with a "coarse delta". With the proposed (rather small) value ranges, this still allows encoding a delta latitude/longitude of up to about 38 km with about centi-metre resolution.  
Similar, for the height resolution units of metre, centi-metre, and milli-metre are proposed.
(3)	The IE DL-PRS-Beam-Info includes the azimuth and elevation angles of each DL-PRS Resource (beam) together with the 3-dB beamwidth.


(4)	The IE RTD-Info includes time synchronization information for the neighbour TRPs relative to the reference TRP.  The time synchronization information comprises SFN Offset, subframe offset, and fine subframe offset as illustrated in Figure 3 below. This allows obtaining the full timing of neighbour cells, given the reference cell timing (e.g. serving cell timing). The resolution for the fine timing is proposed in time units  where  Hz and ; i.e. Tc = 0.509 ns [8]. A delta value for each PRS Resource Set ARP and Resource ARP for each RTD can be provided in addition.
NOTE: 	The coarse timing (SFN Offset and subframe offset) may also be included in the measurement assistance data, since probably needed to determine the PRS occasions. 

[image: ]
Figure 3: Illustration Real Time Differences (RTDs).




4. 	Text Proposal
4.1		LPP Assistance Data Transfer

–	PositionCalculationAssistance
The IE PositionCalculationAssistance is used by the location server to provide assistance data to enable UE‑based downlink positioning.
-- ASN1START

PositionCalculationAssistance-r16 ::= SEQUENCE {
	assistanceDataTRP-List-r16			AssistanceDataTRP-List-r16		OPTIONAL,	-- Need OP
	trp-LocationInfo-r16 				TRP-LocationInfo-r16			OPTIONAL,	-- Need ON
	dl-prs-BeamInfo-r16					DL-PRS-Beam-Info-r16			OPTIONAL,	-- Need ON
	rtd-Info-r16						RTD-Info-r16					OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	PositionCalculationAssistance field descriptions

	assistanceDataTRP-List
This field specifies the cell IDs/TRP IDs, DL-PRS Resource Set IDs and DL-PRS Resource IDs for the assistance data reference and neighbour TRPs. If this field is absent FFS.

Editor’s Note: 	The IDs may not always explicitely be needed in this IE; e.g. if this IE is included in the IE 					OTDOA-ProvideAssistanceData the IDs of the OTDOA Reference and Neighbour Cell Info 				would apply. FFS – Depends on how NR assistance data will be added (see also [4]).

	trp-LocationInfo
This field provides the location coordinates of the antenna reference points for the reference and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.

	dl-prs-BeamInfo
This field provides the spatial directions of DL-PRS Resources for the reference and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.

	rtd-Info
This field provides the time synchronization information between the reference TRP and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.



NOTE: 	If the information is not available/provided for a particular entry in the assistanceDataTRP-List (TRP and/or resource set and/or resource, as applicable), the corresponding entry in this field would contain an empty sequence.

–	AssistanceDataTRP-List
The IE AssistanceDataTRP-List is used by the location server to provide the identities of the assistance data reference TRP and neighbour TRPs.
-- ASN1START

AssistanceDataTRP-List-r16 ::= SEQUENCE {
	referenceTRP-Id-r16			ReferenceTRP-Id-r16,	
	neighbourTRP-Id-List-16		NeighbourTRP-Id-List-r16,
	...
}

ReferenceTRP-Id-r16 ::= SEQUENCE {
	nrPhysCellId-Ref-r16			INTEGER (0..1007)					OPTIONAL,	-- Need ON
	nrARFCN-Ref-r16					ARFCN-ValueNR-r15					OPTIONAL,	-- Need ON
	nrCellGlobalID-Ref-r16			NCGI-r15							OPTIONAL,	-- Need ON
	nrTRP-ID-Ref-r16				INTEGER (FFS)						OPTIONAL,	-- Need ON
	dl-PRS-ResourceSetsRef-r16		SEQUENCE (SIZE(0..maxResourceSets-1-r16)) OF 
											DL-PRS-ResourceSetsElement-r16,
	...
}

NeighbourTRP-Id-List-r16 ::= SEQUENCE (SIZE(0..maxTRP-1-r16)) OF NeighbourTRP-Id-Element-r16

NeighbourTRP-Id-Element-r16 ::= SEQUENCE {
	nrPhysCellId-Neighbour-r16			INTEGER (0..1007)		OPTIONAL,	-- Need ON
	nrARFCN-Neighbour-r16				ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	nrCellGlobalID-Neighbour-r16		CHOICE {
					samePLMNasRef-r16		BIT STRING (SIZE (36)),
					differentPLMN-r16		NCGI-r15
	}															OPTIONAL,	-- Need ON
	nrTRP-ID-Neighbour-r16				INTEGER (FFS)			OPTIONAL,	-- Need ON
	dl-PRS-ResourceSetsNeighbour-r16	SEQUENCE (SIZE(0..maxResourceSets-1-r16)) OF 
											DL-PRS-ResourceSetsElement-r16,
	...
}

DL-PRS-ResourceSetsElement-r16 ::= SEQUENCE {
	dl-prs-resourceSetId-r16			INTEGER (FFS),
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE(0..maxResources-1-r16)) OF 
											DL-PRS-ResourceID-r16,
	...
}

DL-PRS-ResourceID-r16 ::= INTEGER(FFS)

maxTRP-1-r16 			INTEGER ::= 127
maxResourceSets-1-r16	INTEGER ::= FFS
maxResources-1-r16		INTEGER ::= FFS

-- ASN1STOP

	AssistanceDataTRP-List field descriptions

	nrPhysCellId-Ref
This field specifies the physical cell identity of the reference TRP when the reference TRP corresponds to a physical cell.

	nrARFCN-Ref
This field specifies NR-ARFCN of the reference TRP.

	nrCellGlobalID-Ref
This field specifies the NR Cell Global Identifier (NCGI) of the reference TRP when the reference TRP corresponds to a physical cell.

	nrTRP-ID-Ref
This field specifies an identity of the reference TRP.

	dl-PRS-ResourceSetsRef
This field specifies the DL-PRS Resource Set IDs associated with the reference TRP.

	nrPhysCellId-Neighbour
This field specifies the physical cell identity of the neighbour TRP when the neighbour TRP corresponds to a physical cell.

	nrARFCN-Neighbour
This field specifies NR-ARFCN of the neighbour TRP.

	nrCellGlobalID-Neighbour
This field specifies the NR Cell Global Identifier (NCGI) of the neighbour TRP when the neighbour TRP corresponds to a physical cell.

	nrTRP-ID-Neighbour
This field specifies an identity of the neighbour TRP.

	dl-PRS-ResourceSetsNeighbour 
This field specifies the DL-PRS Resource Set IDs associated with the neighbour TRP.



–	TRP-LocationInfo
The IE TRP-LocationInfo is used by the location server to provide the coordinates of the antenna reference points for a set of TRPs. For each TRP, the ARP location can be provided for each associated PRS Resource ID per PRS Resource Set. 
-- ASN1START

TRP-LocationInfo-r16 ::= SEQUENCE {
	referenceTRP-LocationInfo-r16		ReferenceTRP-LocationInfo-r16,	
	neighbourTRP-LocationInfoList-16	NeighbourTRP-LocationInfoList-r16,
	...
}

ReferenceTRP-LocationInfo-r16 ::= SEQUENCE {
	referencePoint-r16					ReferencePoint-r16,
	referenceTRP-Info-r16				TRP-Location-Element-r16,
	...
}

[bookmark: _Hlk15523862]NeighbourTRP-LocationInfoList-r16 ::= SEQUENCE (SIZE(0..maxTRP-1-r16)) OF
														NeighbourTRP-LocationInfoElement-r16

Neighbour-LocationInfoElement-r16 ::= SEQUENCE {
	neighbourTRP-Info-r16				TRP-Location-Element-r16,
	...
}

TRP-Location-Element-r16 ::= SEQUENCE {
	-- Applicable per Cell-ID/TRP-ID
	trp-Location-r16					RelativeLocation-r16				OPTIONAL, -- Need OP
	trp-DL-PRS-ResourceSets-r16			SEQUENCE (SIZE(0..maxResourceSets-1-r16)) OF 
											DL-PRS-ResourceSets-TRP-Element-r16
	...
}

DL-PRS-ResourceSets-TRP-Element-r16 ::= SEQUENCE {
	-- Applicable per Resource Set ID of the Cell-ID/TRP-ID
	dl-PRS-ResourceSetARP-r16			RelativeLocation-r16				OPTIONAL, -- Need OP
	dl-PRS-Resource-ARP-List-r16		SEQUENCE (SIZE(0..maxResources-1-r16)) OF 
												DL-PRS-Resource-ARP-Element-r16
	...
}
 
DL-PRS-Resource-ARP-Element-r16 ::= SEQUENCE {
	-- Applicable per Resource ID of the Resource Set ID
	dl-PRS-Resource-ARP-location-r16	RelativeLocation-r16				OPTIONAL, -- Need OP
	...
}

-- ASN1STOP

	TRP-LocationInfo field descriptions

	referencePoint
This field specifies the reference point used to define the reference TRP location.

	referenceTRP-Info
This field provides the antenna reference point locations of the DL-PRS Resources associated with the reference TRP and comprises the following sub-fields:
-	trp-Location: This field provides the location of the reference TRP relative to the referencePoint location. If this field is absent the reference TRP location coincides with the referencePoint location. 
- 	trp-DL-PRS-ResourceSets: This field provides the antenna reference point location(s) of the DL-PRS Resource Set(s) associated with the reference TRP. If this field is absent, the antenna reference point location(s) of the DL-PRS Resource Set(s) coincides with the trp-Location location. This field comprises the following sub-fields:
-	dl-PRS-ResourceSetARP: This field provides the antenna reference point location of the DL-PRS Resource Set relative to the trp-Location location. If this field is absent, the antenna reference point location of this DL-PRS Resource Set coincides with the trp-Location location.
-	dl-PRS-Resource-ARP-List: This field provides the antenna reference point location(s) of the DL-PRS Resource(s) associated with this resource set of the reference TRP. If this field is absent, the antenna reference point location(s) of the DL-PRS Resources coincides with the dl-PRS-ResourceSetARP location. This field comprises the following sub-fields: 
-	dl-PRS-Resource-ARP-location: This field provides the antenna reference point location of the DL-PRS Resource associated with the DL-PRS Resource Set of the reference TRP relative to the dl-PRS-ResourceSetARP location. If this field is absent, the antenna reference point location of this DL-PRS Resource coincides with the dl-PRS-ResourceSetARP location.

	neighbourTRP-Info 
This field provides the antenna reference point locations of the DL-PRS Resources of this neighbour TRP and comprises the following sub-fields:
-	trp-Location: This field provides the location of this neighbour TRP relative to the reference point used to define the location of the reference TRP. If this field is absent this neighbour TRP location coincides with the reference point used to define the location of the reference TRP.
- 	trp-DL-PRS-ResourceSets: This field provides the antenna reference point location(s) of the DL-PRS Resource Set(s) associated with this neighbour TRP. If this field is absent, the antenna reference point location(s) of the DL-PRS Resource Set(s) coincides with the trp-Location location. This field comprises the following sub-fields:
-	dl-PRS-ResourceSetARP: This field provides the antenna reference point location of the DL-PRS Resource Set relative to the trp-Location location. If this field is absent, the antenna reference point location of this DL-PRS Resource Set coincides with the trp-Location location.
-	dl-PRS-Resource-ARP-List: This field provides the antenna reference point location(s) of the DL-PRS Resource(s) associated with this resource set of this neighbour TRP. If this field is absent, the antenna reference point location(s) of the DL-PRS Resources coincides with the dl-PRS-ResourceSetARP location. This field comprises the following sub-fields: 
-	dl-PRS-Resource-ARP-location: This field provides the antenna reference point location of the DL-PRS Resource associated with the DL-PRS Resource Set of this neighbour TRP relative to the dl-PRS-ResourceSetARP location. If this field is absent, the antenna reference point location of this DL-PRS Resource coincides with the dl-PRS-ResourceSetARP location.



[bookmark: _Hlk15430528]–	ReferencePoint
The IE ReferencePoint provides a well defined location relative to which other locations may be defined.
-- ASN1START

ReferencePoint-r16 ::= SEQUENCE {
	referencePointGeographicLocation-r16 		CHOICE {		
		location3D-r16 			EllipsoidPointWithAltitudeAndUncertaintyEllipsoid,
		ha-location3D-r16 		HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15,
		...
	},
	...
}

-- ASN1STOP

	ReferencePoint field descriptions

	referencePointGeographicLocation
This field provides the geodetic location of the reference point.



[bookmark: _Hlk15431374]–	RelativeLocation
The IE RelativeLocation provides a location relative to some known reference location.
-- ASN1START

RelativeLocation-r16 ::= SEQUENCE {
	milli-arc-second-units-r16 	ENUMERATED { mas0-03, mas0-3, mas3, mas30, ...},
	height-units-r16			ENUMERATED {mm, cm, m, ...},
	delta-latitude-r16			Delta-Latitude-r16,
	delta-longitude-r16			Delta-Longitude-r16,
	delta-height-r16			Delta-Height-r16,
	locationUNC-r16				LocationUncertainty-r16				OPTIONAL,		-- Need OP
	...
}

Delta-Latitude-r16 ::= SEQUENCE {
	delta-Latitude-r16						INTEGER (-1024..1023),
	coarse-delta-Latitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}

Delta-Longitude-r16 ::= SEQUENCE {
	delta-Longitude-r16						INTEGER (-1024..1023),
	coarse-delta-Longitude-r16				INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}

Delta-Height-r16 ::= SEQUENCE {
	delta-Height-r16						INTEGER (-1024..1023),
	coarse-delta-Height-r16					INTEGER (0..4095)		OPTIONAL,		-- Need OP
	...
}

LocationUncertainty-r16 ::= SEQUENCE {
	horizontalUncertainty-r15				INTEGER (0..255),
	horizontalConfidence-r15				INTEGER (0..100),
	verticalUncertainty-r15					INTEGER (0..255),
	verticalConfidence-r15					INTEGER (0..100)
}

-- ASN1STOP

	RelativeLocation field descriptions

	milli-arc-second-units
[bookmark: _Hlk15877056]This field provides the units and scale factor for the delta-latitude and delta-longitude fields. Enumerated values mas0-03, mas0-3, mas3, and mas30, correspond to 0.03, 0.3, 3, and 30 milliarcseconds, respectively. 

	height-units
This field provides the units and scale factor for the delta-height field. Enumerated values mm, cm, and m correspond to 10-3 metre, 10-2 metre, and 1 metre, respectively.

	delta-latitude
This field specifies the delta value in latitude of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields: 
-	delta-Latitude specifies the delta value in latitude in the unit provided in milli-arc-second-units field.
-	coarse-delta-Latitude specifies the delta value in latitude in 1024 times the size of the unit provided in milli-arc‑second‑units field and with the same sign as in the delta-Latitude field. If this field is absent, the value for coarse-delta-Latitude is zero.
I.e., the full delta-latitude is given by:
(delta-Latitude × milli-arc-second-units) ±  (coarse-delta-Latitude × 1024 × milli-arc-second-units) [milli-arc-seconds] 

	delta-longitude
This field specifies the delta value in longitude of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields: 
-	delta-Longitude specifies the delta value in longitude in the unit provided in milli-arc-second-units field.
-	coarse-delta-Longitude specifies the delta value in longitude in 1024 times the size of the unit provided in milli-arc‑second‑units field and with the same sign as in the delta-Longitude field. If this field is absent, the value for coarse-delta-Longitude is zero.
I.e., the full delta-longitude is given by:
(delta-Longitude × milli-arc-second-units) ±  (coarse-delta-Latitude × 1024 × milli-arc-second-units) [milli-arc-seconds] 

	delta-height
This field specifies the delta value in ellipsoidal height of the desired location, defined as "desired location" minus "reference point location" and comprises the following sub-fields: 
-	delta-Height specifies the delta value in ellipsoidal height in the unit provided in height-units field.
-	coarse-delta-Height specifies the delta value in ellipsoidal height in 1024 times the size of the unit provided in height-units field and with the same sign as in the delta-Height field. If this field is absent, the value for coarse-delta-Height is zero.
I.e., the full delta-height is given by:
(delta-Height × height-units) ±  (coarse-delta-Height × 1024 × height-units) [metres] 

	locationUNC
This field specifies the uncertainty of the location coordinates and comprises the following sub-fields:
-	horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude. The ′horizontalUncertainty′ corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and ′horizontalConfidence′ corresponds to confidence as defined in TS 23.032 [15].
-	verticalUncertainty indicates the vertical uncertainty of the ARP altitude. The 'verticalUncertainty' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'verticalConfidence' corresponds to confidence as defined in TS 23.032 [15].
If this field is absent, the uncertainty is the same as for the associated reference point location.



–	DL-PRS-Beam-Info
The IE DL-PRS-Beam-Info is used by the location server to provide spatial direction information of the DL-PRS Resources. 
-- ASN1START

DL-PRS-Beam-Info-r16 ::= SEQUENCE {
	referenceTRP-DL-PRS-BeamInfo-r16		DL-PRS-Beam-Info-Set-r16,
	neighbourTRP-DL-PRS-BeamList-16			NeighbourTRP-DL-PRS-BeamList-16,
	...
}

NeighbourTRP-DL-PRS-BeamList-16 ::= SEQUENCE (SIZE(0..maxTRP-1-r16)) OF 
											NeighbourTRP-DL-PRS-BeamElement-16

NeighbourTRP-DL-PRS-BeamElement-16 ::= SEQUENCE {
	-- Applicable per Cell-ID/TRP-ID
	neighbourTRP-DL-PRS-BeamInfo-r16		DL-PRS-Beam-Info-Set-r16,
	...
}

DL-PRS-Beam-Info-Set-r16 ::= SEQUENCE (SIZE(1..maxResourceSets-r16)) OF 
													DL-PRS-Beam-Info-ResourceSet-r16

DL-PRS-Beam-Info-ResourceSet-r16 ::= SEQUENCE {
	-- Applicable per Resource Set ID of the Cell-ID/TRP-ID
	dl-PRS-BeamInfoList-r16			SEQUENCE (SIZE(1..maxResources-r16)) OF 
													DL-PRS-BeamInfoElement-r16
	...
}

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {	
	-- Applicable per Resource ID of the Resource Set ID
	dl-PRS-Azimuth-r16				INTEGER (0..719),
	dl-PRS-Elevation-r16			INTEGER (-180..180)				OPTIONAL,	-- Need OP
	dl-PRS-HPBW-Az-r16 				INTEGER (0..240)				OPTIONAL,	-- Need ON
	dl-PRS-HPBW-El-r16 				INTEGER (0..240)				OPTIONAL,	-- Need ON
	...
}

maxResourceSets-r16 INTEGER ::= FFS
maxResources-r16	INTEGER ::= FFS

-- ASN1STOP

	DL-PRS-Beam-Info field descriptions

	referenceTRP-DL-PRS-BeamInfo
This field provides the beam information for the reference TRP. 

	neighbourTRP-DL-PRS-BeamList
This field provides the beam information for the neighbour TRPs. 

	dl-PRS-Azimuth
This field specifies the azimuth angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted. The azimuth angle is measured clockwise from geographical North.
Scale factor 0.5 degrees; range 0 to 359.5 degrees.

	dl-PRS-Elevation
This field specifies the elevation angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted. 
The elevation angle is the angle between to the horizontal plane at the antenna reference point location and the boresight direction, measured in the vertical plane. Positive angles point in directions above the horizontal plane (upwards), negative angles point in directions below the horizontal plane (downwards).
If this field is absent, the boresight direction is the same along the vertical plane.
Scale factor 0.5 degrees; range -90 to +90 degrees.

	dl-PRS-HPBW-Az
This field specifies the half-power beamwidth (HPBW) in the horizontal plane of the beam in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted. HPBW is the angle subtended by the half-power points of the mainlobe in the horizontal plane. 
Scale factor 0.5 degrees; range 0 to 120 degrees.

	dl-PRS-HPBW-El
This field specifies the half-power beamwidth (HPBW) in the vertical plane of the beam in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted. HPBW is the angle subtended by the half-power points of the mainlobe in the vertical plane. 
Scale factor 0.5 degrees; range 0 to 120 degrees.



–	RTD-Info
The IE RTD-Info is used by the location server to provide time synchronization information between the reference TRP and neighbour TRPs. 
-- ASN1START

RTD-Info-r16 ::= SEQUENCE {
	referenceTRP-RTD-Info-r16			ReferenceTRP-RTD-Info-r16,	
	rtd-InfoList-16						RTD-InfoList-16,
	...
}

ReferenceTRP-RTD-Info-r16 ::= SEQUENCE {
	refTime-r16						CHOICE {
			systemFrameNumber-r16		BIT STRING (SIZE (10)),
			utc-r16						UTCTime,
			...
	},
	rtd-RefQuality-r16			NR-MeasQuality-r16				OPTIONAL,	-- Need ON
	...
}

RTD-InfoList-16 ::= SEQUENCE (SIZE(1..maxTRP)) OF RTD-InfoElement-16

RTD-InfoElement-r16 ::= SEQUENCE {
	sfn-Offset-r16				INTEGER (0..1023),
	integerSubframeOffset-r16	INTEGER (0..9)					OPTIONAL,	-- Need OP
	subframeOffset				INTEGER (0..1966079),
	rtd-Quality					NR-MeasQuality-r16,
	rtd-DriftRate				INTEGER (-256..255)				OPTIONAL,	-- Need ON
	delta-rtd-set-r16			SEQUENCE (SIZE (0..maxResourceSets-1-r16)) OF 
										Delta-RTD-ResourceSet-r16,
	...
}

Delta-RTD-ResourceSet-r16 ::= SEQUENCE {
	-- Applicable per Resource Set ID of the Cell-ID/TRP-ID
	delta-rtd-r16				INTEGER (-64..63)				OPTIONAL,	-- Need ON
	delta-rtd-ResourceList-r16	SEQUENCE (SIZE (0..maxResources-1-r16)) OF
				 						Delta-RTD-ResourceElement-r16,
	...
}

Delta-RTD-ResourceElement-r16 ::= SEQUENCE {
	-- Applicable per Resource ID of the Resource Set ID
	delta-rtd-r16				INTEGER (-64..63)				OPTIONAL,	-- Need ON
	...
}

maxTRP 	INTEGER ::= 128

-- ASN1STOP

	RTD-Info field descriptions

	refTime
This field specifies the reference time at which the rtd-InfoList is valid. The systemFrameNumber CHOICE refers to the SFN of the assistance data reference TRP. 

	rtd-RefQuality
This field specifies the quality of the timing of reference TRP, used to determine the RTD values provided in rtd‑InfoList. 

Editor’s Note: 	The NR RSTD, etc. Quality field may be reused.

	sfn-Offset
This field specifies the SFN offset at the TRP antenna location between the reference TRP and this neighbour TRP. 
The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the reference TRP to the beginning of the closest subsequent radio frame #0 of this neighbour TRP.

	integerSubframeOffset
This field specifies the frame boundary offset at the TRP antenna location between the reference TRP and this neighbour TRP counted in full subframes. 
The offset is counted from the beginning of a subframe #0 of the reference TRP to the beginning of the closest subsequent subframe #0 of this neighbour TRP, rounded down to multiples of subframes. 
If this field is absent, the integerSubframeOffset is zero.

	subframeOffset


This field specifies the subframe boundary offset at the TRP antenna location between the reference TRP and this neighbour TRP in time units  where  Hz and  (TS 38.211 [x]). 
The offset is counted from the beginning of a subframe #0 of the reference TRP to the beginning of the closest subsequent subframe of this neighbour TRP.
Scale factor 1 Tc.

	rtd-Quality
This field specifies the quality of the RTD.

Editor’s Note: 	The NR RSTD, etc. Quality field may be reused.

	rtd-DriftRate
This field specifies the drift rate of the RTD between the reference TRP and this neighbour TRP in units of 0.5 Tc per second. A positive value indicates that the reference cell clock is running at a greater frequency than the neighbour cell clock.
Scale factor 0.5 Tc/sec.

	delta-rtd
This field provides a delta RTD value to be added to the RTD of the TRP for the corresponding DL-PRS Resource in the Resource Set. 
Scale factor 0.5 Tc




4.2	posSIB Types Element Definitions
For the posSIB elements, "assistance data reference TRP" refers to the TRP which broadcasts the corresponding posSIB type(s).
[bookmark: _Toc5724570]–	UEB-TRP-LocationData
The IE UEB-TRP-LocationData is used in the assistanceDataElement if the posSibType in IE PosSIB-Type defined in TS 38.331 [x] indicates 'posSibTypeX-y'.
-- ASN1START

UEB-TRP-LocationData-r16 ::= SEQUENCE {
	assistanceDataTRP-List-r16			AssistanceDataTRP-List-r16
	trp-LocationInfo-r16 				TRP-LocationInfo-r16,
	dl-prs-BeamInfo-r16					DL-PRS-Beam-Info-r16			OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	UEB-TRP-LocationData field descriptions

	assistanceDataTRP-List 
LPP IE AssistanceDataTRP-List  as defined in sub-clause x.y.z.a.

	trp-LocationInfo 
LPP IE TRP-LocationInfo as defined in sub-clause x.y.z.b.

	dl-prs-BeamInfo
LPP IE DL-PRS-Beam-Info as defined in sub-clause x.y.z.c.



–	UEB-TRP-RTD-Info
[bookmark: _Hlk13714990]The IE UEB-TRP-RTD-Info is used in the assistanceDataElement if the posSibType in IE PosSIB-Type defined in TS 38.331 [x] indicates 'posSibTypeX-z'.
-- ASN1START

UEB-TRP-RTD-Info-r16 ::= SEQUENCE {
	rtd-Info-r16						RTD-Info-r16,
	...
}

-- ASN1STOP

	UEB-TRP-LocationData field descriptions

	rtd-Info 
LPP IE RTD-Info as defined in sub-clause x.y.z.c.




5. 	Summary
In this contribution we proposed the assistance data details for UE-based DL-only positioning. The following proposals are made.
Proposal 1:	The positioning measurement assistance data and position calculation assistance data should be defined in separate IEs.
Proposal 2:	Include spatial direction information of the DL-PRS Resources in the position calculation assistance data (e.g., azimuth, elevation, beamwidth).
Proposal 3:	Define the Antenna Reference Point (ARP) locations for each DL-PRS Resource ID as delta locations relative to a reference point. In particular: 
-	define an absolute reference point location for the reference TRP, followed by a list of relative locations for each neighbour TRP; 
- 	each PRS Resource Set ARP location of a TRP is defined relative to the TRP location; 
- 	each PRS Resource ARP location in the PRS Resource Set is defined relative to the PRS Resource Set ARP.
Proposal 4:	Split the position calculation assistance data into two separate posSIBs, one containing the rather static TRP coordinates and one containg the more dynamic synchronization differences (RTDs).
Proposal 5:	Endorse the text proposal in section 4 as baseline for further work. 

References
[1]	RP-191155, "Status report of WI: NR positioning support".
[2]	RP-190752, "New WID: NR Positioning Support".
[3]	RP 191874, "Status report of WI: NR positioning support".
[4]	R2-1913395, "DL and UL NR Positioning Procedures", Qualcomm Incorporated. 
[5]	3GPP TS 25.331: "Radio Resource Control (RRC); Protocol specification".
[6]	RP-170722, "WID: UE Positioning Accuracy Enhancements for LTE". 
[7]	OMA LPPe: "LPP Extensions Specification", Open Mobile Alliance.
[8]	3GPP TS 38.211: "NR; Physical channels and modulation".
[9]	R1-1911564, "Update to the list of higher layer parameters for NR Positioning (RAN1-98bis)", Intel Corporation.
5

image1.emf
 

TRP

D

L

-

P

R S

 

R

e

s

o

u

r

c

e

  I

D

 

# 1

(

j

1

,

 

q

1

)

D

L

-

P

R

S

 

R

e

s

o

u

r

c

e

 

I

D

 

#

N

(

j

2

,

 

q

2

)

(

j

N

,

 

q

N

)

DL-PRS Resource Set

(one or more )

x

y

z

Antenna Reference 

Point Location

q

j

Horizontal 

Plane

Elevation Plane

Antenna Boresight

(North)


image2.emf
 

PRS-ID  #1 PRS-ID  #2

PRS-ID  #M


image3.wmf
(

)

f

max

c

1

N

f

T

×

D

=


oleObject1.bin

image4.wmf
4096

f

=

N


oleObject2.bin

image5.emf
 

0 1

2

3 4 5 6

7

8 9 0 1

2

3 4 5 6

7

8 9

1  Radio Frame  =  10  Sub-Frames  =  10  ms

SFN  =  123

SFN  =  124

SFN  =  122

0 1

2

3 4 5 6

7

8 9 0 1

2

3 4 5 6

7

8 9

SFN  =  456

SFN  =  457

SFN  =  455

subframeOffset

SFN Offset  =  691

integerSubframeOffset 

»

  

ë1.4û

  =  1

SFN

N

= (SFN

Ref

  –SFN_Offset )  mod 1024

Reference Cell

Neighbour Cell


oleObject3.bin

oleObject4.bin

