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1. 	Introduction
This document summarizes the following email discussion from RAN2#108:
· [108#89][NR/Pos] UE-based downlink positioning assistance data (Qualcomm)
	Intended outcome: Agreeable CR for merge into the general LPP CR
	Deadline:  Thursday 2020-01-23

At RAN2#108, the following agreements were made:
	Agreements:
1 The positioning measurement assistance data and position calculation assistance data are defined in separate IEs.
2 Include spatial direction information of the DL-PRS Resources in the position calculation assistance data (e.g., azimuth, elevation).  FFS beamwidth.
3 Include a transmission reference location for each DL-PRS Resource ID.  FFS the exact terminology.
a. Provide a reference location for the transmitting antenna of the reference TRP
b. Provide relative locations for transmitting antennas of other TRPs
c. ASN.1 formulation to be further discussed
4 Split the position calculation assistance data into two separate posSIBs, one containing the TRP coordinates and one containing the RTDs.




2. 	Discussion
2.1 	Position calculation assistance data
A single high level IE PositionCalculationAssistance was proposed in [1] which can be included in various Provide Assistance Data IEs. The details depend on the LPP structure for NR positioning.
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 (and the same IE/field definitions can be used in the posSIBs for UE-based). The identifiers (e.g., 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. The following general information is proposed for UE-based mode:
-	IDs (name to be defined by RAN2 (see below)) for which the information is provided (AssistanceDataTRP‑List‑r16).
-	Transmission reference location for each DL-PRS Resource ID (TRP-LocationInfo-r16).
-	Spatial direction information of the DL-PRS Resources (DL-PRS-Beam-Info-r16).
-	Real Time Differences (RTDs) (RTD-Info-r16).
A text proposal based on [1] is shown below.
==== Start of Text Proposal ====

–	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 IDs for the assistance data reference and neighbour TRPs. The IDs together with the measurement assistance data enables the target device to determine the TRP-IDs, DL-PRS Resource Set IDs, and DL-PRS Resource IDs. If this field is absent FFS.	Comment by Nokia: ???

Editor’s Note: 	The IDs may not always explicitely be needed in this IE; e.g. if this IE is included in the IE 					NR-DL-TDOA-ProvideAssistanceData the IDs of the DL-TDOA Reference and Neighbour TRP 			Info would apply. FFS – Depends on how NR assistance data will be added.	Comment by Ericsson: This is an indication that information can be represented differently?
Editor’s Note: 	Name of ID is FFS.

	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, the corresponding entry in this field would contain an empty sequence.

==== End of Text Proposal ====

Companies are invited to provide feedback on the above proposal. E.g., whether any proposed (high level) information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Nokia
	(a) Why the “assistanceData” prefix? Can it just be the TRP-list?

(b) Definition says the IDs signalled with this assistanceDataTRP-List field is used to determine the TRP-IDs and the resource (set) IDs. So, these IDs are not the TRP ID itself. Are these then the IDs of the DL-PRS resource sets? It seems so according to the definition of referenceTRP-ID and neighbourTRP-IDs-List fields. However, the definition of assistanceDataTRP-List also says that the ID is used to determine the DL-PRS Resource Set IDs. It is very confusing!

(c) Are these so called IDs just some resource index which determines the TRP ID, Resource Set ID and Resource ID?

(d) Definition of “measurement assistance data” is not very clear.

	Qualcomm
	Response to Nokia comment above:

(a) This field is related to the assistance data TRP list provided in the Assistance Data message (for UE-assisted). We have no agreed LPP name for NR assistance data at the moment, but terminology needs to be aligned (the PositionCalculationAssistance is an IE to be included in a particular Assistance Data message, together with other IEs (such as the measurement assistance data)). 

(b) The “IDs” are not the TRP-IDs (see also section 2.2 below). The TRP-ID is assumed to be a global ID (e.g., includes (at least) the NGCI and a gNB TRP-ID, but should also include a PCI, ARFCN, etc.).  Current RAN3 status/discussion is summarized in R3-197788. 

The “position calculation assistance data” must be used together with the “measurement assistance data” (the same as in e.g. UMTS). The measurement assistance data is supposed to include the candidate TRPs for the measurements together with PRS configuration (in the same/similar way as OTDOA-ProvideAssistanceData for LTE). Therefore, with the “ID” the UE knows all the remaining identifiers, such as TRP-ID, CGI, PCI, Set ID, Resource ID, etc. from the measurement assistance data. 

(c) The ID together with Resource Set ID and Resource ID identifies a resource (within a configuration/message). See also section 2.2 below.

(d) These are the assistance data for UE-assisted mode (e.g., analogous to OTDOA-ProvideAssistanceData for LTE). Final name for NR is TBD. It should include a reference TRP and a list of neighbour TRPs together with PRS configuration for each TRP. 

	Ericsson
	a) We agree with Nokia that the naming and structure can be confusing, and also the ID handling. It becomes more clear if part of a TRP-list.
b) The proposed structure with a separate PositioningCalculationAssistance can be improved. There are other aspects that are more important to consider when grouping the information. For example, it is relevant to separate static (positions, beam directions) information from dynamic (RTD) information because when broadcasted, these information elements would typically be handled differently.
c) Furthermore, it is natural to group these IEs for static and dynamic parts together with the DL PRS definition per TRP. This also makes the ID relation discussion local to within this IE, as well as mapping to corresponding measurement IEs.
d) Example representation, where the information relevant for UEB is subject to conditional presence
NR-Pos-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-TRP-PrsInfo-r16			NR-TRP-PRS-Info-r16		OPTIONAL,	-- Need ON
	nr-TRP-staticInfo-r16		NR-TRP-StaticInfo-r16	OPTIONAL,	-- Cond UEB
	nr-TRP-dynamicInfo-r16		NR-TRP-DynamicInfo-r16	OPTIONAL,	-- Cond UEB
	nr-pos-Error-r16		    NR-PosM-Error-r16	    OPTIONAL,	-- Need ON
	...
}



	Qualcomm
	Response to Ericsson comment above:

(a) The TRP-List is assumed to be part of the measurement assistance data (UE-assisted). The structure and handling of "ID" should be aligned with the LPP Provide Assistance Data messages (email discussion "[108#85][NR/Pos] Running CR to 36.355 (Intel)").
(b),(c) The proposed structure follows the Agreement #1 (see section 1). The IE can then be included in the appropriate Provide Assistance Data messages.  See also section 2.6 for posSIBs.
(d)  The field/IE names are typically selected to describe its content (e.g., NR-TRP-PRS-Info), and not its e.g., time domain behavior. "static" and "dynamic" may depend on interpretation and deployment. 

	Intel
	TRP location, beam, RTD are all per TRP, can we group them together?

	Huawei, HiSilicon
	1. One general comment is, if both trp-LocationInfo, rtd-info and dl-prs-BeamInfo has the same ordering and number of entries as assistanceDataTRP-List, why not just put these fields under assistanceData-TRP-List?
2. Nothing is given after the “NOTE”
3. If the field assistanceData-TRP-List is used to provide the identities of the TRP, this should also be reflected in the name of the field accordingly


	Qualcomm
	Response to Intel, Huawei, HiSilicon comment above:

General: The Text Proposal should be according to Agreement #1 in section 1. A benefit of this is that the fields required for UE-based are better isolated, which should help specification maintenance and simplify implementation. E.g., implementations which do not support UE-based can ignore related ASN.1 at a higher level of the message, instead of filtering out applicable/not-applicable fields in a e.g. assistance data message. It may also simplify evolution/specification impacts in case additional information is added in future Releases; i.e., any additions/changes can have isolated impact, and would not impact implementations which do not support UE-based. The same approach was used in e.g. UMTS UE-based OTDOA.

On Huawei/HiSilicon and Intel Comment #1: The main reason is to allow the same fields for point-to-point and posSIBs. If everything is listed under e.g. assistanceDataTRP-List, it would be difficult to support two posSIBs for UE-based (Agreement#4) with the same ASN.1. A possible alternative may be to include the identifiers in each field (trp-LocationInfo, dl-prs-BeamInfo, rtd-info). However, this appears unnecessary overhead.

On Huawei/HiSilicon Comment #2: The NOTE refers to the NOTE at the bottom of the field description Table. We believe this is according to 3GPP drafting rules.

On Huawei/HiSilicon Comment #3: This field specifies the "IDs" for the assistance data reference and neighbour TRPs. The RAN1 “ID” is essentially an index to the Assistance Data List for UE-assisted (DL-PRS Assistance Data). This RAN1 “ID” can actually save a lot of overhead (e.g., compared to LTE, where cell-ids etc. are repeated in each entry of a list). 

	Ericsson
	a) Agreement #1 does not imply exactly the structure proposed in the TP as there are numerous ways to represent information in separate IEs. Another example is

NR-Pos-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-TRP-InfoList-r16			NR-TRP-InfoList-r16,
	nr-TRP-staticInfo-r16		NR-TRP-StaticInfo-r16	OPTIONAL,	-- Cond UEB
	nr-TRP-dynamicInfo-r16		NR-TRP-DynamicInfo-r16	OPTIONAL,	-- Cond UEB
	nr-Error-r16				NR-Error-r16			OPTIONAL,	-- Need ON
	...
}

which also represents information in separate IEs, and also acknowledge the requirements from broadcast, where some data in support of UE-based is dynamic and needs more frequent updates/shorter expiration time, while other data is static and needs essentially no updates/long expiration time and has a periodicity mainly to meet a certain acquisition time. This separation into two IEs is also in line with Agreement #4 above.

b) A comment in line with Intel and HW. The list assistanceDataTRP-List-r16 seems to give unnecessary complexity, which already the Editors note indicates. It is better to introduce structures of identical size for the UE-based info as proposed above in a). This enables the same fields in point to point and posSIBs, and there is no need to IDs for cross-referencing



	Ericsson
	To clarify the above comments:
a) The IE level realized by the IE PositionCalculationAssistance-r16 is not needed. Instead, it is better to group with consideration about how these will be broadcasted in posSIBs.
b) The organization of information can be much more efficient by allowing different list lengths and index referring from the main DL-PRS structure. This will be explained in the detailed parts below 

-- ASN1START

NR-TRP-PRS-InfoElement-r16 ::= SEQUENCE {
	nr-PRS-ResourceSetList-r16		SEQUENCE (SIZE (1..nrMaxResourceSets)) NR-PRS-ResourceSet-r16,
	nr-DL-PRS-SFN0-Offset-r16		SEQUENCE {
		sfn-Offset-r16					INTEGER (0..1023),
		integerSubframeOffset-r16		INTEGER (0..9)					OPTIONAL	-- Need OP
	}	OPTIONAL,
	nr-PRS-expectedRSTD-r16			INTEGER (-3841..3841)		OPTIONAL,	-- Cond NotRefTRP
	nr-PRS-expectedRSTD-uncerainty-r16	
									INTEGER (-246..246) 		OPTIONAL,	-- Cond NotRefTRP
	nrPhysCellId-r16				INTEGER (0..1007)			OPTIONAL
	nrCellGlobalID-r16				NCGI-r15					OPTIONAL,
	nrARFCN-r16						ARFCN-ValueNR				OPTIONAL,
	nr-TRP-ID-r16					INTEGER (0..nrMaxTRP-1)		OPTIONAL,
	nr-TRP-UEB-refIndices-r16		NR-TRP-UEB-refIndices-r16	OPTIONAL,	-- Cond UEB
	...
}


NR-TRP-UEB-refIndices-r16 ::= SEQUENCE {	Comment by Ericsson: This IE contains indices into the lists with location, beam and RTD information as defined further below.
	trp-locInfo-index-r16		INTEGER (0..255),
	trp-beamInfo-index-r16		INTEGER (0..255)				OPTIONAL,	-- Cond BeamInfo
	trp-rtdInfo-index-r16		INTEGER (0..255)				OPTIONAL, 	-- Cond RTDInfo
}


-- ASN1STOP






2.2 	AssistanceDataTRP-List
The assistanceDataTRP-List in IE PositionCalculationAssistance provides the IDs of the reference and neighbour TRPs DL-PRS Resources. The detailed structure may depend on the LPP for NR positioning, but is expected to include the information as shown below. In particular:	Comment by Nokia: This implies the IDs are just resource indices.	Comment by Ericsson: Agree with Nokia
Agreement [2]:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.	Comment by Nokia: May be we should call it a PRS index?	Comment by Ericsson: Ot rather TRP ID, right?
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource.
· Name can be defined by RAN2.
· Each TRP should only be associated with one such ID.	Comment by Nokia: Since it is a 1-1 mapping between TRP and this so called ID, why not call it a TRP ID then?	Comment by Ericsson: Agree – TRP ID is relevant. Can also be a TRP index from a TRP list

Parameter range of IDs [3]:
· ID (final name is TBD)	INTEGER (0..255)
· 256 is the max number of TRPs for all frequency layers per UE (4 freq. layer × 64 TRPs per freq. layer)
· DL-PRS-ResourceSetId	INTEGER (0..7)
· There can be up to 8 DL-PRS Resource Sets per TRP (maxNumDL-PRS-ResourceSetsPerTRP = 8)
· Max. number of frequency layers:  4
· Max. number of DL-PRS Resource Sets per TRP per frequency layer: 2
· DL-PRS-ResourceId		INTEGER (0..63)
· There can be up to 64 DL-PRS Resources per set (maxNumDL PRS ResourcesPerSet = 64)

This results in the following ID (assistance data) hierarchy (in principle, similar to LTE):
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Therefore, a particular ID can define the TRP (identified by a {TRP-ID; Cell-ID} pair (RAN3)) together with the frequency layer, resource sets, and resources.  The assistanceDataTRP-List in IE PositionCalculationAssistance need to include the ID of the reference TRP together with a list of up to 255 IDs for the neighbour TRPs. The UE can then determine the {TRP-ID; Cell-ID}, DL-PRS Resource Set IDs, DL-PRS Resource IDs associated with the IDs from the UE-assisted assistance data. 
For example, the measurement assistance data (UE-assisted) could have the following structure (similar to LTE):
NR-DL-PRS-AssistanceData-r16 ::= SEQUENCE {
	nr-referenceTRP-Info-r16	NR-ReferenceTRP-Info-r16,
	nr-neighbourTRP-Info-r16	NR-NeighbourTRP-InfoList-r16,
	...
}

NR-ReferenceTRP-Info-r16 ::= SEQUENCE {
	nr-TRP-ID-Ref-r16			NR-TRP-ID-r16, 	-- includes TRP-ID, PCI, CGI, etc.
	nr-id-ref-r16				NR-ID-r16,		-- the “ID”	
	nr-PRS-FrequInfo-Ref-r16	NR-DL-PRS-FrequencyLayerInfo-r16,
	nr-PRS-Info-Ref-r16			NR-DL-PRS-Info-r16,
	-- etc.
	...
}

-- 4 Freq. layer
NR-NeighbourTRP-InfoList-r16 ::= SEQUENCE (SIZE (1..4)) OF NR-NeighbourTRP-FreqInfoElement-r16

NR-NeighbourTRP-FreqInfoElement-r16 ::= SEQUENCE {
	nr-PRS-FrequInfo-Neighbour-r16				NR-DL-PRS-FrequencyLayerInfo-r16,
	-- etc.
	nr-neighbourTRP-ListPerFrequencyLayer-r16	NR-neighbourTRP-ListPerFrequencyLayer-r16,
	...
}

-- 64 TRPs per Freq. layer
NR-neighbourTRP-ListPerFrequencyLayer-r16 ::= SEQUENCE (SIZE (1..64)) OF 
														NR-NeighbourTRP-InfoElement-r16

NR-NeighbourTRP-InfoElement-r16 ::= SEQUENCE {
	nr-TRP-ID-Neighbour-r16					NR-TRP-ID-r16,
	nr-id-neighbour-r16						NR-ID-r16,		-- the “ID”	
	nr-PRS-Info-Neighbour-r16				NR-DL-PRS-Info-r16,
	-- etc.
	...
}



NR-DL-PRS-Info-r16 ::= SEQUENCE {
	nr-dl-PRS-ResourceSets-r16				SEQUENCE (SIZE(1..2))OF NR-DL-PRS-ResourceSet-r16,
	...
}

NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-dl-prs-resourceSetId-r16			INTEGER (0..7),
	-- other parameter				
	nr-dl-PRS-Resources-r16				SEQUENCE (SIZE(1..64)) OF NR-DL-PRS-Resource-r16,
	...
}

NR-DL-PRS-Resource-r16 ::= SEQUENCE {
	nr-dl-prs-ResourceId-r16 				INTEGER (0..63),
	-- other parameter
	...
}





==== Start of Text Proposal ====
–	AssistanceDataTRP-List
The IE AssistanceDataTRP-List is used by the location server to provide the IDs of the assistance data reference TRP and neighbour TRPs. The IDs together with the measurement assistance data enables the target device to determine the TRP-IDs, DL-PRS Resource Set IDs, and DL-PRS Resource IDs.
-- ASN1START

AssistanceDataTRP-List-r16 ::= SEQUENCE {
	referenceTRP-ID-r16			ID-r16,	
	neighbourTRP-IDs-List-16	SEQUENCE (SIZE(1..255)) OF ID-r16			OPTIONAL,	-- Need ON
	...
}

ID-r16 ::= INTEGER(0..255)

-- ASN1STOP

	AssistanceDataTRP-List field descriptions

	referenceTRP-ID 
This field specifies the ID associated with the DL-PRS resource sets of the reference TRP.
Editor’s Note: 	Name of ID is FFS.

	neighbourTRP-IDs-List
This field specifies the IDs associated with the DL-PRS resource sets of the neighbour TRPs.
Editor’s Note: 	Name of ID is FFS.



==== End of Text Proposal ====
Companies are invited to provide feedback on the above proposal. E.g., whether any proposed information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Nokia
	In the definition of referenceTRP-ID and neighbourTRP-IDs-List fields the text “ID associated with the DL-PRS resource sets” can be interpreted to be mean the “ID” is the resource set ID. I think the first order of thing should be to agree on the name for “ID” and a definition. It seems more and more that the “ID” can be called TRP ID (due to one-to-one mapping between ID and TRP) or the ID can be called “PRS Index”?

	Qualcomm
	Response to Nokia comment above:

The definition of ID came from RAN1. See above on the intended use of a TRP-ID (i.e., the TRP-ID is supposed to be a “global ID”; the RAN1 ID is locally within a TRP/gNB-DU for the PRS configuration (up to 256 in total)). The RAN1 “ID” defines the resource. “PRS-Index” is a suitable name; e.g., “DL-PRS-ID”. But I consider this being part of the “RAN1 parameter list”/LPP discussion. Whatever name for the ID will be agreed, the text has to be aligned.   

	Ericsson
	In LTE, a 12 bit long ID was used to denote TP-ID. This ID was global. It is not clear here as how we represent the global TRP ID. We agree that some indexing would be good to have for TRP ID so instead of global a short ID could be used such as a list index, and this should basically be based on Assistance Data. The LPP ASN.1 is being discussed also as part of RAN1 parameter list email discussion and perhaps we can discuss this as part of that. This part seems overlapping with the other email discussion and the deadline for that is longer than this.

One particular example is the hierarchy between frequency layer and TRP, and the interpretation of the RAN1 agreement, which should be handled in the other email discussion.

	Qualcomm
	Response to Ericsson comment above:

We cannot see that the 12-bit TP-ID used in LTE can be global. The LTE TP-ID is global only together with other identifiers, such as CGI.

We agree that the hierarchy depends on the LPP structure discussed in "[108#85][NR/Pos] Running CR to 36.355 (Intel)"). The "ID" appears suitable for an "indexing scheme" since it can identify the TRP together with the frequency layer. 

The proposal here is essentially not repeating the identifiers in each field of the IE (unless necessary).  

	Intel
	Regarding ID, if it is used for the indice of PRS resources, 256 should be enough. 
Regarding the struction on reference/neighbor, so far in LPP, I used general structure for TRP, and on top of it, to indicate which one is reference. Another way could be based on the order, e.g. the first one in the entry list is reference. We do not need to have separate lists for neighbor and reference. 
One example:

	nr-DL-PRS-ReferenceInfo-r16 DL-PRS-IdInfo-r16	OPTIONAL,		-- Need ON
	nr-DL-PRS-AssistanceDataList-r16	SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF NR-DL-PRS-AssistanceDataPerFreq-r16,


	Huawei, HiSilicon
	We are fine with the IE as it is now. 

	Qualcomm
	Response to Intel comment above:

Providing a single TRP list with the understanding that the e.g. first entry is a reference or providing a reference TRP and a list of “neighbour” TRPs appears equivalent. Both approaches can work, but we believe a single list may require more explanation/specification text if a reference TRP is needed (FFS). An unambiguous way in our view would be to follow the approach which has been used so far in 3GPP (reference + neighbour list). However, the list details for UE-based need to be adapted based on the LPP structure later. 
 
The ID value range must accommodate the possible maximum number of entries in a assistance data message for DL-PRS, which according to RAN1 can be up to 4*64.

	Ericsson
	We have the same view as Intel that there should only be a TRP list. It also makes it easier to represent the RAN1 agreement of a limited total number of TRP and TRP per frequency layers. Otherwise, this would be not as clear if branching out the reference.

The reference – neighbor has only been used so for for OTDOA in 3GPP at least going back to Rel 9, while there are other lists which are plain lists, for example for GNSS, WLAN, cellular white lists, CSI-RS, SSB, etc. Therefore, OTDOA could rather be seen as an exception which also has been using the notion of ‘cell’ which we all agree we could benefit from moving away from.  Also, following RAN1 agreements, the max number of TRPs per frequency layer and in total are not over only neighbor TRPs, but all TRPs, which makes a plain list of TRP more natural.

The list lengths such as number of frequencvy layers etc are now hardcoded – would ne nicer with defined constants instead.

In any case – the discussion about this structure should not be in this email discussion – there is a separate email discussion run by Intel for that purpose.


	Ericsson
	There is no need for the IE assistanceDataTRP-List-16. That only brings complexity and the same thing can be realized by referencing in the other direction, from the TRP DL-PRS structure 



2.3 	NR-TRP-LocationInfo
The IE NR-TRP-LocationInfo provides the TRP antenna reference point locations (ARPs) for a reference TRP and a list of neighbour TRPs, and optionally the ARPs per DL-PRS Resource ID. In particular: 
(a)	A ReferencePoint (which may be the reference TRP) is defined which may be a EllipsoidPointWithAltitudeAndUncertaintyEllipsoid or a HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid. This is the only GAD shape IE provided in the IE NR-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.
(c)	Each transmission reference location (i.e., ARP) for each DL-PRS Resource ID is defined relative to the ReferencePoint. If the ARPs for each DL-PRS Resource ID are not included, the ARPs of DL-PRS Resource IDs are the same as the corresponding DL-PRS Resource Set ARP. If the ARPs of the DL-PRS Resource Set IDs are not included, the ARPs of the DL-PRS Resource Set IDs are the same as the TRP-IDs. 
The information is structured according to IE AssistanceDataTRP-List and illustrated in the Figure below.
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==== Start of Text Proposal ====
–	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	OPTIONAL,	-- Need ON
	...
}

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

NeighbourTRP-LocationInfoList-r16 ::= SEQUENCE (SIZE(1..255)) OF
														NeighbourTRP-LocationInfoElement-r16

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

TRP-Location-Element-r16 ::= SEQUENCE {
	-- Applicable per {TRP-ID; ID}
	trp-Location-r16					RelativeLocation-r16					OPTIONAL, -- Need OP
	trp-DL-PRS-ResourceSets-r16			SEQUENCE (SIZE(1..2)) OF 
											DL-PRS-ResourceSets-TRP-Element-r16	OPTIONAL, -- Need OP
	...
}

DL-PRS-ResourceSets-TRP-Element-r16 ::= SEQUENCE {
	-- Applicable per Resource Set ID of the {TRP-ID; ID}
	dl-PRS-ResourceSetARP-r16			RelativeLocation-r16					OPTIONAL, -- Need OP
	dl-PRS-Resource-ARP-List-r16		SEQUENCE (SIZE(1..64)) OF 
												DL-PRS-Resource-ARP-Element-r16	OPTIONAL, -- Need OP
	...
}
 
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.



–	ReferencePoint
The IE ReferencePoint provides a well defined location relative to which other locations may be defined.
-- ASN1START

[bookmark: _Hlk32412484]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.



–	RelativeLocation
The IE RelativeLocation provides a location relative to some known reference location.
-- ASN1START

[bookmark: _Hlk32412918]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
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.



==== End of Text Proposal ====

Companies are invited to provide feedback on the above proposal. E.g., whether any proposed information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Nokia
	ARP granularity below that of the ARP of the TRP is lot of OAM effort to configure. What are the implications if only the reference and neighbor TRP locations are provided and not down to resource set or resources level? Since these are UE-based DL-TDOA and DL-AoD methods, do we need such finer granularity of ARPs?

Also, from RAN2#108 agreements (agreement 3 shown in Introduction section in this document), it does not look like we agreed to have a generic reference point or ARP of resource sets.

	Qualcomm
	Response to Nokia comment above:

Implications depend on the spatial separation of the antenna reference points (i.e., on the deployment). For position calculation, the transmission reference point location of the antenna needs be known at the LMF (independent on UE-assisted or UE-based).
[bookmark: _Hlk30617793]We agreed to “include a transmission reference location for each DL-PRS Resource ID” also for UE-based assistance data, The above is the proposed terminology and ASN.1 formulation. In our view, the proposed terminology is precise, but we are of course open to different suggestions. The antenna location reference point of the ID, Set ID, or Resource ID can flexibly be provided, depending on the network/configuration. 

	Ericsson
	We agree with Nokia’s comment. Furthermore, it is not clear as how the multiple Resource sets are used and why they have different ARP. To motivate ARP on resource set/resource level an example of a realistic deployment is needed and an evaluation of the performance benefit. From RAN1, what we understand from agreement is that a resource set/resources transmitting from the same TRP is understood to be the same location. This is also aligned with the current definition of TP in LPP. It is very late to open up a discussion with these new defintions, so our opinion is to follow the RAN1 agreement to use TRP to represent transmission and reception points, which has been introduced as a generalization of TP.

	Qualcomm
	Response to Ericsson comment above:

The motivation was discussed in R2-1915563 and the proposal is according to agreement #3 (see section 1). The UE measurements are made per Resource ID, and for UE-assisted mode the UE may report the Resource ID(s) or Resource Set ID(s) used for determining the timing for each measurement to facilitate proper position calculation at the LMF (e.g., taking location and timing of the corresponding antenna reference points into account). The Resource ID reference point can be the same as the Resource Set ID reference point, or the "ID" reference point, but this is not required.
The TRP and architecture are currently defined in the Stage 2 running CR. According to our understanding, RAN1 did not introduce a TRP-ID, but the "ID", which is (on purpose) not defined as a TRP-ID. 

	Intel
	Based on RAN2 agreements Include a transmission reference location for each DL-PRS Resource ID.  
Looks like we agreed location of different PRS resource transmission point can be different. 

	Ericsson
	This needs more analysis and motivation. A relative location of a neighbor can be represented in different ways, and at different costs. The RAN1 agreement limits the number of resource sets per TRP to 2, which indicates RAN1’s view that a TRP indeed is something similar to the existing TP in LPP, but with reception capabilities.

From RAN1, we have the following related to number of resource sets and TRP-ID. 

RAN1, #98bis
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID

RAN1 #99:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)

	X1=4

	Values = {1,4}
FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2

	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64

	
FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA

	FFS: values








	Ericsson
	This is unneccesary complex. To start with, since a TRP can server DL-PRS at up to 4 frequency layers, the list of TRPs is probably much shorter than 256 unless the TRP antenna point per FL is different. Anyway, this ca be handled by plain list of TRP locations and then index into this list, which means that several entries from the DL-PRS structure of AD may refer to the same TRP, such as the TRP at different FL at the same spot.

Furthermore, it is possible to handle both relative and absolute locations within the same list, which means that we can have an efficient representation without discussion about ARPs etc

Alternative 1. Only list the unique locations for TRPs in the list, avoiding replicating entries when the location is the same, see ASN.1 below. One could preferably redefine these a bit to avoid all the “…” that has been introduced to better manage size, and we could make one CHOICE between the two absolute location variants and the relative one.

-- ASN1START

TRP-LocationInfo-alt1-r16 ::= SEQUENCE (SIZE(0..255)) OF TRP-Location-Element-r16

TRP-Location-Element-r16 ::= SEQUENCE {
	nr-TRP-index-r16					INTEGER (0..255)			OPTIONAL, 		-- Cond ByRef
	nr-TRP-GeographicLocation-r16		CHOICE {				
		absoluteLocation3D-r16 			ReferencePoint-r16,
		relativeLocation3D-r16 			RelativeLocation-r16
	}
}

-- ASN1STOP

	Conditional presence
	Explanation

	ByRef
	This field is present if relative representation of the TRP location is used. Otherwise it is not present



	Ericsson
	Alternative 2. Also replications of TRPs with the same location can be present in several TRPs but included by reference.



TRP-LocationInfo-alt2-r16 ::= SEQUENCE (SIZE(0..255)) OF TRP-Location-Element-r16

TRP-Location-Element-r16 ::= SEQUENCE {
	nr-TRP-index-r16					INTEGER (0..255)			OPTIONAL, 		-- Cond ByRef
	nr-TRP-GeographicLocation-r16		CHOICE {				
		absoluteLocation3D-r16 			ReferencePoint-r16,
		relativeLocation3D-r16 			RelativeLocation-r16
	}																OPTIONAL, 		-- Cond NotRef
}

-- ASN1STOP

	Conditional presence
	Explanation

	ByRef
	This field is present if relative representation of the TRP location is used, or if the location is provided by reference to another TRP. Otherwise it is not present

	NotRef
	This field is present if relative or absolute location is represented.



	
	

	
	

	
	







2.4 	DL-PRS-Beam-Info
The IE DL-PRS-Beam-Info includes the azimuth and elevation angles of each DL-PRS Resource (beam) together with the 3-dB beamwidth.
The azimuth and elevation of each DL-PRS Resource (beam) is defined in the same way as for AoA in [2][3].
Agreement [2]:
· Modify the previous agreement on the definition of the AoA (ϕ) and ZoA (θ) as follows:
· AoA (ϕ) and ZoA (θ) define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.
· The reference directions can be defined according to either one of the following options (both options are supported in specifications) 
· Option 1: 
· The reference directions are defined with respect to the Global Coordinate System (GCS) as follows: 
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:  θ=0 pointing to the zenith and  pointing to the horizon.
· Option 2: 
· The reference directions are defined is with respect to the Local Coordinate System (LCS) defined in TR 38.901 as follows:
· For AoA, the x-axis, positive in a counter-clockwise direction.
· For ZoA, the z-axis 
· Note: θ=0 pointing to the z-axis and pointing to the x-y plane.
· The translation of the GCS to LCS uses the set of angles α (bearing angle), β (downtilt angle),  γ  (slant angle), which are reported together with the AoA (ϕ) and ZoA (θ) in LCS.

Agreement [2]:
· The reporting granularity for the gNB angle measurements (AoA, ZOA) is defined as 0.1 degree.

The azimuth and elevation angles are illustrated in the Figure below.
The 3-dB beamwidth is proposed to be optionally included, to allow better e.g. AoD estimation.
[image: ]

==== Start of Text Proposal ====
–	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-r16		NeighbourTRP-DL-PRS-BeamList-r16	OPTIONAL, -- Need ON
	...
}

NeighbourTRP-DL-PRS-BeamList-r16 ::= SEQUENCE (SIZE(1..255)) OF 
											NeighbourTRP-DL-PRS-BeamElement-r16

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

DL-PRS-Beam-Info-Set-r16 ::= SEQUENCE (SIZE(1..2)) OF DL-PRS-Beam-Info-ResourceSet-r16

DL-PRS-Beam-Info-ResourceSet-r16 ::= SEQUENCE {
	-- Applicable per Resource Set ID of the {TRP-ID; ID}
	dl-PRS-BeamInfoList-r16			SEQUENCE (SIZE(1..64)) 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..3599),
	dl-PRS-Elevation-r16			INTEGER (0..1800)				OPTIONAL,	-- Need ON
	dl-PRS-HPBW-Az-r16 				INTEGER (0..1200)				OPTIONAL,	-- Need ON
	dl-PRS-HPBW-El-r16 				INTEGER (0..1200)				OPTIONAL,	-- Need ON
	...
}

-- 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 counter-clockwise from geographical North.
Scale factor 0.1 degrees; range 0 to 359.9 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 measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon).
Scale factor 0.1 degrees; range 0 to 180 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 0.1 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 0.1 degrees; range 0 to 120 degrees.



==== End of Text Proposal ====
Companies are invited to provide feedback on the above proposal. E.g., whether any proposed information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Ericsson
	RAN1 has not evaluated angular information based upon dl-PRS-HPBW-Az and dl-PRS-HPBW-El; we do not think they are that essential. How much gain one can achieve? 
These two parameters could be further studied in Rel-17?

What is a sufficient resolution of the discussed parameters? Integer degrees seems to be sufficient given the typical accuracy of these angles and values.

In general, it can be good to avoid the ‘neighbor’ terminology, partly because it has been used for neighbor cells in LTE and for clarity, we should avoid the term altogether for NR AD. An easy way to avoid this is simply to use a plain list, and in cases when the notion of a reference is needed, then the first element in the list can serve that purpose. 


	Qualcomm
	Response to Ericsson comment above:

RAN1 has evaluated DL-AoD (and other methods which may make use of some AoD/beam pattern information); see TR 38.885.

It appears sensible that the resolution of DL-PRS AoD is aligned with the resolution of AoA.  

	Intel
	Tend to agree with Ericsson on how to struct reference/neighbor AD. 

	Qualcomm
	Response to Intel comment above:

On the structure for reference and neighbour TRPs, both approaches should be O.K., but we miss in the discussion the motivation why we should do it differently compared to previous Releases of 3GPP specifications. There appears no obvious advantage. We understand there will always be a Reference TRP and a list of Neighbour TRPs (neighbour’s to the reference), no matter how the ASN.1 is structured.

	Huawei, HiSilicon
	Regarding DL PRS beam information, we think dl-PRS-HPBW-Az and dl-PRS-HPBW-El should be removed per agreement in RAN2#108. In addition, we propose to add antenna orientation (lcs-To-GCS-Translation) to the beam pattern so that the dl-PRS-Azimuth and dl-PRS-Elevation can be defined in the LCS. If the lcs-To-GCS-Translation is provide, dl-PRS-Azimuth-r16 and dl-PRS-Elevation are defined in LCS; otherwise, dl-PRS-Azimuth-r16 and dl-PRS-Elevation are defined in GCS.
	Agreements:
1    The positioning measurement assistance data and position calculation assistance data are defined in separate IEs.
2    Include spatial direction information of the DL-PRS Resources in the position calculation assistance data (e.g., azimuth, elevation).  FFS beamwidth.
3    Include a transmission reference location for each DL-PRS Resource ID.  FFS the exact terminology.
a.   Provide a reference location for the transmitting antenna of the reference TRP
b.  Provide relative locations for transmitting antennas of other TRPs
c.   ASN.1 formulation to be further discussed
4    Split the position calculation assistance data into two separate posSIBs, one containing the TRP coordinates and one containing the RTDs.
 


The text proposal is as follows:

[bookmark: _Hlk32053583][bookmark: _Hlk32053803]DL-PRS-Beam-Info-ResourceSet-r16 ::= SEQUENCE {
    -- Applicable per Resource Set ID of the {TRP-ID; ID}
    dl-PRS-BeamInfoList-r16          SEQUENCE (SIZE(1..64)) OF DL-PRS-BeamInfoElement-r16,
    lcs-To-GCS-Translation           SEQUENCE {
       alpha                            INTEGER (0..3599),
       beta                             INTEGER (0..3599)     OPTIONAL,  -- Need OP
       gamma                            INTEGER (0..3599)     OPTIONAL   -- Need OP
    },                                                        OPTIONAL,  -- Need OP
    ...
}
 
DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {   
    -- Applicable per Resource ID of the Resource Set ID
    dl-PRS-Azimuth-r16           INTEGER (0..3599),
    dl-PRS-Elevation-r16         INTEGER (0..1800)            OPTIONAL,  -- Need ON
    dl-PRS-HPBW-Az-r16               INTEGER (0..1200)            OPTIONAL,  -- Need ON
    dl-PRS-HPBW-El-r16               INTEGER (0..1200)            OPTIONAL,  -- Need ON
    ...
}
 


	Qualcomm
	Response to Huawei/HiSilicon Comment:

Regarding beamwidth, we assume the same comment applies then also to UE-assisted mode (i.e., NRPPa in general) --- beamwidth is not needed at the LMF.

We agree that the LCS-to-GCS translation parameter should be included, which seems according to RAN1 agreements:

Agreement:
A DL PRS resource can be associated with one or more of the following in either GCS or LCS
· azimuth angle
· elevation angle
The reporting granularity for the set of angles  (bearing angle),  (downtilt angle) and  (slant angle)  for the translation of the GCS to LCS is defined as 0.1 degree. 

The TP in the Annex is proposed to be updated accordingly.

	Ericsson
	On, HPBW – whether it is needed or not can be discussed in Rel. 17 SI since it has not yet been treated.

On Reference/neighbor representation – with a generic list, it becomes more natural to represent the limit of number of supported TRPs (reference and neighbor) in ASN.1 code.



	Ericsson
	There are two aspects to handle here, to make an efficient representation and allow less accurate values. With this representation, the 0.1 degree resolution is optional

-- ASN1START

NR-PRS-Beam-Info-r16 ::= SEQUENCE (SIZE(0..255)) OF NR-PRS-BeamInfoPerTRP-r16

NR-PRS-BeamInfoPerTRP-r16 ::= SEQUENCE (SIZE(0..1)) OF NR-PRS-Beam-Info-ResourceSet-r16

NR-PRS-Beam-Info-ResourceSet-r16 ::= SEQUENCE {
	nr-PRS-BeamInfoList-r16			SEQUENCE (SIZE(0..63)) OF NR-PRS-BeamInfoElement-r16
    lcs-To-GCS-Translation           SEQUENCE {
       alpha                            INTEGER (0..359),
       alpha-fine                       INTEGER (0..9),      OPTIONAL,  -- Need OP
       beta                             INTEGER (0..359)     OPTIONAL,  -- Need OP
       beta-fine                        INTEGER (0..9)       OPTIONAL,  -- Need OP
       gamma                            INTEGER (0..359)     OPTIONAL   -- Need OP
       gamma-fine                       INTEGER (0..9)       OPTIONAL   -- Need OP
    },                                                       OPTIONAL,  -- Need OP
    ...

}

NR-PRS-BeamInfoElement-r16 ::= SEQUENCE {	
	nr-PRS-Azimuth-r16				INTEGER (0..359),
	nr-PRS-Azimuth-fine-r16				INTEGER (0..9),				OPTIONAL,	-- Cond FineAngles
	nr-PRS-Elevation-r16			INTEGER (0..180)				OPTIONAL,	-- Need ON
	nr-PRS-Elevation-fine-r16			INTEGER (0..9)				OPTIONAL,	-- Cond FineAngles
	...
}

-- ASN1STOP

	
	

	
	

	
	







2.5 	RTD-Info


The IE RTD-Info includes time synchronization information for the neighbour TRPs relative to the reference TRP.  The proposed time synchronization information comprises SFN Offset, subframe offset, and fine subframe offset as illustrated in the Figure below. This allows obtaining the full timing of neighbour TRPs, given the reference TRP 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 [4]. 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: ]
==== Start of Text Proposal ====
–	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-r16					RTD-InfoList-r16,
	...
}

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-r16 ::= SEQUENCE (SIZE(1..255)) OF RTD-InfoElement-r16

RTD-InfoElement-r16 ::= SEQUENCE {
	sfn-Offset-r16				INTEGER (0..1023),
	integerSubframeOffset-r16	INTEGER (0..9)						OPTIONAL,	-- Need OP
	subframeOffset-r16			INTEGER (0..1966079),
	rtd-Quality-r16				NR-MeasQuality-r16,
	rtd-DriftRate-r16			INTEGER (-256..255)					OPTIONAL,	-- Need ON
	delta-rtd-set-r16			SEQUENCE (SIZE (1..2)) OF 
										Delta-RTD-ResourceSet-r16	OPTIONAL,	-- Need ON
	...
}

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

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

-- 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 [3] can 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 [3] can 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



==== End of Text Proposal ====
Companies are invited to provide feedback on the above proposal. E.g., whether any proposed information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Ericsson
	It is not clear as how UE will use the below parameters. Further, it is not clear as how it is beneficial. These parameters have not been discussed in the Rel. 16 SID nor in the online discussions and there are no agreements to include them

rtd-Quality-r16				NR-MeasQuality-r16,
	rtd-DriftRate-r16			INTEGER (-256..255)					OPTIONAL,	-- Need ON
	delta-rtd-set-r16			SEQUENCE (SIZE (1..2)) OF Delta-RTD-ResourceSet-r16

Perhaps, this can discussed/studied with the scope of I-IoT in Rel-17.	It also fits well into the integrity discussion that has been agreed in the Rel. 17 SID

Again, the use of a separate reference here can be avoided, and a plain list can be used, where the RTD is optional and conditional present only in the second element and onwards, similar to how information was handled in the LTE PRS AD. Also, it is more natural to include the SFN information together with the DL PRS definition in a similar manner as in LTE, instead of including it here, since this IE is only intended for UEB. See also the earlier comments about separate static and dynamic parts of UEB AD.

Questions; 
would slotoffset be also needed above?						
And why do we need two different subframe offset? Isn’t one ok? May be the timing related offset can be removed.


	Qualcomm
	Response to Ericsson comment above:

Drift rate uses the same definition as in e.g. UMTS or LPPe. 

As commented above, the transmission reference point location and timing is needed for position calculation. This is not specific to UE-based mode. For example, RAN1 agreement: "At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report."

As mentioned above, the "coarse timing" may also be included in the measurement assistance data. The RAN1 parameter list includes the DL-PRS-SFN0-Offset in units of micro-seconds, which is needed to e.g. correctly center the search window. For position calculation the "fine RTD" is needed in addition, and the proposal here is to have several levels of timing: SFN, integer-subframe, and subframe. However, this depends on how the DL-PRS-SFN0-Offset will be supported in LPP, and the "fine RTD" definition can be adjusted accordingly. 

In any case, the position calculation assistance data requires the "fine RTD" only (assuming the "coarse RTD" is provided via DL-PRS-SFN0-Offset); same as in e.g. UMTS. 

	Intel
	Same comments as Ericsson, why do we need rtd-DriftRate?

	Qualcomm
	Response to Intel comment:

An RTD drift rate (if available) can prolong the validity time of the RTD. We believe this will not be different in NR compared to e.g., LTE or UMTS, since all these air interfaces use essentially the same specification: TS 38.104:
"Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation." 
"…the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms". 
Table 6.5.1.2-1: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm


The above specification is the same in LTE and UMTS. 
0.1 ppm over 1ms corresponds to 0.03 m/ms ~ 30 m/s ~ 100 ns/s. 
Therefore, we cannot see a reason why it should be different compared to e.g. UMTS OTDOA.
Also, the UMTS and LPPe specifications for UE-based OTDOA can provide the RTD drift rate.

	Ericsson
	Regarding RTD drift rate – since it has not been djiscussed nor evaluated during the Rel 16 work, it seems to be a perfect topic for discussion in Rel. 17 and seems to be a natural component to address during NR integrity discussion in the upcoming Rel. 17 SI.

The same thing concerns relative RTDs per resource set and per resource as only RTDs per TRP pairs have been discussed so far. Such components can be natural extensions in Rel. 17 after being discussed in the Rel. 17 SI.

	Ericsson
	Again, this can be made less complex by a plain list into which we can cross-reference via index. There need to be text explaining that the first element in the list refers to the reference list element. Preferably, this should be the ame as the assistance data reference TRP, i.e. the first element in the FL-TRP hierarchy.

I have used the relative representation which also saves bits.  

-- ASN1START

RTD-InfoList-r16 ::= SEQUENCE (SIZE(0..255)) OF RTD-InfoElement-r16

[bookmark: _Hlk32415696]RTD-InfoElement-r16 ::= SEQUENCE {
	sfn-Offset-r16				INTEGER (0..1023),					OPTIONAL,	-- Cond NotFirstElement
	integerSubframeOffset-r16	INTEGER (0..9)						OPTIONAL,	-- Cond NotFirstElement
	subframeOffset-r16			INTEGER (0..1966079)				OPTIONAL,	-- Cond NotFirstElement
	delta-rtd-r16				INTEGER (-64..63)					OPTIONAL,	-- Cond NotFirstElement
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	NotFirstElement
	This field, except for the first element in the list, is mandatory present for RTD information, otherwise it is not present 








2.6	posSIB Types Element Definitions
With the above fields/IEs, the posSIB type’s can then be defined as follows:

==== Start of Text Proposal ====
For the posSIB elements, "assistance data reference TRP" refers to the TRP which broadcasts the corresponding posSIB type(s).
–	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
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.



==== End of Text Proposal ====
Companies are invited to provide feedback on the above proposal. E.g., whether any proposed information is missing, detailed changes/additions to the text proposal, etc.
	Company
	Comments

	Ericsson
	The ID mapping becomes overly complex with this structure, but that part should be discussed separately in the other general email discussion

Furthermore, as discussed previously, it is more instructive to separate into dynamic and static parts, for example such as:
NR-TRP-StaticInfoElement-r16 ::= SEQUENCE {
	nr-TRP-locationInfo-r16 		NR-TRP-LocationInfo-r16,	
	nr-prsBeamInfo-r16			NR-PRS-BeamInfo-r16			OPTIONAL,	-- Cond AoDsupport
	...
}

and 

NR-TRP-DynamicInfoElement-r16 ::= SEQUENCE {
	nr-rtdInfo-r16			NR-RTD-Info-r16		OPTIONAL,	-- Need ON
	...
}




	Qualcomm
	Response to Ericsson comment above:

The ID mapping is rather simple (see above; essentially a pointer/index) and avoids repeating the identifier in each field. 
Two posSIBs are defined according to agreement #4 listed in section 1.

	Intel
	Regarding the struction on reference, neighbor, we can have general lists as commented above.

	Qualcomm
	Response to Intel comment above:

Whatever the structure of the DL-PRS assistance data will be, the posSIB definition should not be different compared to point-to-point delivery, and the ASN.1 should be shared between posSIB and LPP Provide Assistance Data. This is also the same for existing posSIB 3-1.

The list structure will have to be aligned with the LPP baseline.

	Ericsson
	As said above, the separation into static and dynamic data is inline with Agreement #4, and appears cleaner to use the same in both the point-to-point and posSIB definitions for clarity. Also, as commented above, by matching list sizes, there is no need for the ID attribute. 

	
	




3. 	Summary
Six companies provided feedback on the text proposal. The following issues were raised:

1. Integration of position calculation assistance data into the LPP baseline, and the correlation between measurement assistance data and position calculation assistance data (e.g. using the "ID" or any other appropriate mechanism).

 This also depends on the email discussion "[108#85][NR/Pos] Running CR to 36.355 (Intel)" and will be adapted accordingly.

The latest LPP draft ("[108#85][NR/Pos] Running CR to 36.355 (Intel)") has the following structure of IE NR-DL-PRS-AssistanceData (only the part relevant to this discussion is shown):
NR-DL-PRS-AssistanceData-r16 ::= SEQUENCE {
	nr-DL-PRS-ReferenceInfo-r16 		DL-PRS-IdInfo-r16				OPTIONAL,		-- Need ON
		nr-DL-PRS-AssistanceDataList-r16	SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF 
													NR-DL-PRS-AssistanceDataPerFreq-r16,
	[…]
	...

}


// This IE indicates the reference IDs
DL-PRS-IdInfo-r16 ::= SEQUENCE {
	trp-ID-r16						TRP-ID-r16							OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16		NR-DL-PRS-ResourceSetId-r16 		OPTIONAL,
	nr-DL-PRS-ResourceID-List-r16	(SIZE (1..nrMaxResourceIDs)) OF
										 NR-DL-PRS-ResourceId-r16 		OPTIONAL
}


// This is the actual TRP list per frequency layer, with up to 64 individual elements.
// I.e., total number of elements = 4 (nrMaxFreqLayers ) x 64 (nrMaxTRPsPerFreq).
NR-DL-PRS-AssistanceDataPerFreq-r16 ::= SEQUENCE {
	nr-DL-PRS-AssistanceDataPerFreq (SIZE (1..nrMaxTRPsPerFreq)) OF 
												NR-DL-PRS-AssistanceDataPerTRP-r16,
	[…]
	...

}

// This is the parameter list per DL-PRS-ID/TRP-ID
NR-DL-PRS-AssistanceDataPerTRP-r16 ::= SEQUENCE {
    […]
	trp-ID-r16						TRP-ID-r16		OPTIONAL,
	nr-DL-PRS-Config-r16			NR-DL-PRS-Config-r16,				
	...
}


NR-DL-PRS-Config-r16 ::= SEQUENCE {
	dl-PRS-ResourceSetList-r16		SEQUENCE (SIZE (1..nrMaxSets)) DL-PRS-ResourceSet-r16,	
	...
}

DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	Nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16,
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet)) OF 
												DL-PRS-Resource-r16,
	[…]
	...
}

DL-PRS-Resource-r16 ::= SEQUENCE {
	dl-PRS-ResourceId-r16				NR-DL-PRS-ResourceID-r16,
	[…]
}
	
-- ASN1STOP


The TP in the annex is updated to follow the same structure as above.

2. Representation of RTD:
a. This depends on how the RAN1 parameter DL-PRS-SFN0-Offset is implemented in LPP and should be aligned accordingly (e.g., an additional "fine DL-PRS-SFN0-Offset" could be added, etc.).

 This also depends on the email discussion "[108#85][NR/Pos] Running CR to 36.355 (Intel)" and will be adapted accordingly.

The latest LPP draft ("[108#85][NR/Pos] Running CR to 36.355 (Intel)") has the following structure of IE NR-DL-PRS-AssistanceData (only the part relevant to this discussion is shown):
[bookmark: _Hlk32318578]
	nr-DL-PRS-SFN0-Offset-r16		SEQUENCE {
		sfn-Offset-r16					INTEGER (0..1023),
		integerSubframeOffset-r16		INTEGER (0..9)					OPTIONAL	-- Need OP
	}	OPTIONAL


Therefore, the "coarse RTD" is provided in the IE IE NR-DL-PRS-AssistanceData, and only the "fine RTD" is needed in the rtd-Info field. The TP in the annex is updated accordingly.

3. Details of the position calculation assistance data:

a. Whether or not including beamwidth information in the assistance data.
i. Three companies (Ericsson, Huawei, HiSilicon) commented that beamwidth information has not been discussed and should be deferred to e.g. Rel-17. 
b. Support for LCS-to-GCS translation parameter.
i. Two companies (Huawei, HiSilicon) suggest including the LCS-to-GCS translation parameter (according to RAN1 definition).
c. Inclusion of RTD drift rate in the position calculation assistance data. 
i. Two companies (Ericsson, Intel) commented that RTD drift rate information has not been discussed and should be deferred to e.g. Rel-17.
d. Inclusion of RTD per DL-PRS Resource.
i. One company (Ericsson) commented that this has not been discussed and should be deferred to Rel-17.
The above 4 items (3a – 3d) are marked as FFS in the TP in the Annex.

Proposal: 	RAN2 to discuss and decide
(a) 	whether beamwidth information can be provided in the assistance data in Rel-16 or should be deferred to e.g. Rel-17;
(b) whether to support LCS-to-GCS translation parameter for the spatial direction information;
(c)	whether to include RTD drift rate in the assistance data;
[bookmark: _GoBack](d)	whether to include RTD per DL-PRS Resource.

References
[1]	R2-1915563, "Assistance Data for DL-only UE-based mode", Qualcomm Incorporated.
[2]	R1-1913606, "RAN1 Agreements on NR Positioning", WI Rapporteur (Intel Corporation).
[3]	R1-1913674, "Updated consolidated parameter list for Rel-16 NR". 
[4]	3GPP TS 38.211: "NR; Physical channels and modulation".
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Annex: 	Text Proposal

LPP Assistance Data Transfer

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

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

-- ASN1STOP

	NR-PositionCalculationAssistance field descriptions

	nr-trp-LocationInfo
This field provides the location coordinates of the antenna reference points of the TRPs.

	nr-dl-prs-BeamInfo
This field provides the spatial directions of DL-PRS Resources for TRPs.

	nr-rtd-Info
This field provides the time synchronization information between the reference TRP and neighbour TRPs. 



–	NR-TRP-LocationInfo
The IE NR-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

NR-TRP-LocationInfo-r16 ::= SEQUENCE (SIZE (1..4)) OF NR-TRP-LocationInfoPerFreqLayer-r16

NR-TRP-LocationInfoPerFreqLayer-r16 ::= SEQUENCE {
	referencePoint-r16			ReferencePoint-r16				OPTIONAL,	-- Cond NotSameAsPrev
	trp-LocationInfoList-r16	SEQUENCE (SIZE (1..64)) OF TRP-LocationInfoElement-r16,
	...
}

TRP-LocationInfoElement-r16 ::= SEQUENCE {
	trp-id-r16						TRP-ID-r16,
	trp-Location-r16				RelativeLocation-r16					OPTIONAL,	-- Need OP
	trp-DL-PRS-ResourceSets-r16		SEQUENCE (SIZE(1..2)) OF 
										DL-PRS-ResourceSets-TRP-Element-r16	OPTIONAL,	-- Need OP
	...
}

DL-PRS-ResourceSets-TRP-Element-r16 ::= SEQUENCE {
	dl-PRS-ResourceSetARP-r16			RelativeLocation-r16				OPTIONAL,	-- Need OP
	dl-PRS-Resource-ARP-List-r16		SEQUENCE (SIZE(1..64)) OF 
											DL-PRS-Resource-ARP-Element-r16	OPTIONAL,	-- Need OP
	...
}

DL-PRS-Resource-ARP-Element-r16 ::= SEQUENCE {
	dl-PRS-Resource-ARP-location-r16	RelativeLocation-r16				OPTIONAL,	-- Need OP
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	NotSameAsPrev
	The field is mandatory present in the first entry of the NR-TRP-LocationInfoPerFreqLayer list; otherwise it is optionally present, need OP.



	NR-TRP-LocationInfo field descriptions

	referencePoint
This field specifies the reference point used to define the TRP location in the trp-LocationInfoList. If this field is absent, the reference point is the same as in the previous entry of the NR-TRP-LocationInfoPerFreqLayer list.

	trp-LocationInfoList
This field provides the antenna reference point locations of the DL-PRS Resources for the TRPs and comprises the following sub-fields:
-	trp-id: This field provides an identity of the TRP.
-	trp-Location: This field provides the location of the TRP relative to the referencePoint location. If this field is absent the 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 this 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 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 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.



–	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.



–	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
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.




Editor’s NOTE:	Inclusion of HPBW parameter in DL-PRS-Beam-Info is FFS. 
–	NR-DL-PRS-BeamInfo
The IE NR-DL-PRS-BeamInfo is used by the location server to provide spatial direction information of the DL-PRS Resources. 
-- ASN1START

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE (SIZE (1..4)) OF NR-DL-PRS-BeamInfoPerFreqLayer-r16

NR-DL-PRS-BeamInfoPerFreqLayer-r16 ::= SEQUENCE (SIZE (1..64)) OF NR-DL-PRS-BeamInfo-r16

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE {
	trp-id-r16							TRP-ID-r16,
	lcs-gcs-translation-parameter-r16	LCS-GCS-Translation-Parameter-r16	OPTIONAL,	-- Need OP
	dl-prs-BeamInfoSet-r16				DL-PRS-BeamInfoSet-r16,
	...
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..2)) OF DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..64)) OF DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..3599),
	dl-PRS-Elevation-r16			INTEGER (0..1800)				OPTIONAL,	-- Need ON
-- FFS for HPBW
--	dl-PRS-HPBW-Az-r16 				INTEGER (0..1200)				OPTIONAL,	-- Need ON
--	dl-PRS-HPBW-El-r16 				INTEGER (0..1200)				OPTIONAL,	-- Need ON
	...
}

LCS-GCS-Translation-Parameter-r16 ::= SEQUENCE {
	alpha-r16						INTEGER (0..3599),
	beta-r16						INTEGER (0..3599),
	gamma-r16						INTEGER (0..3599),
	...
}

-- ASN1STOP

	NR-DL-PRS-Beam-Info field descriptions

	trp-id
This field provides an identity of the TRP.

	lcs-gcs-translation-parameter
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [x]. If this field is absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-prs-BeamInfoSet
This field provides the DL-PRS beam information for each DL-PRS Resource of the DL-PRS Resource Set associated with this TRP.

	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. 
For a Global Coordinate System (GCS), the azimuth angle is measured counter-clockwise from geographical North.
For a Local Coordinate System (LCS), the azimuth angle is measured measured counter-clockwise from the x-axis of the LCS.
Scale factor 0.1 degrees; range 0 to 359.9 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. 
For a Global Coordinate System (GCS), the elevation angle is measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon).
For a Local Coordinate System (LCS), the elevation angle is measured relative to the z-axis of the LCS (elevation 0 deg. points to the z-axis, 90 deg to the x-y plane).
Scale factor 0.1 degrees; range 0 to 180 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 0.1 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 0.1 degrees; range 0 to 120 degrees.

	alpha
This field specifies the bearing angle α for the translation of the LCS to a GCS as defined in TR 38.901 [x].
Scale factor 0.1 degrees; range 0 to 359.9 degrees.

	beta
This field specifies the downtilts angle β for the translation of the LCS to a GCS as defined in TR 38.901 [x].
Scale factor 0.1 degrees; range 0 to 359.9 degrees.

	gamma
This field specifies the slant angle γ for the translation of the LCS to a GCS as defined in TR 38.901 [x].
Scale factor 0.1 degrees; range 0 to 359.9 degrees.




Editor’s NOTE:	Inclusion of rtd-DriftRate and delta-rtd-set parameter in RTD-Info is FFS. 
–	NR-RTD-Info
The IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighbour TRPs. 
-- ASN1START

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

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

RTD-InfoList-r16 ::= SEQUENCE (SIZE (1..4)) OF RTD-InfoListPerFreqLayer-r16

RTD-InfoListPerFreqLayer-r16 ::= SEQUENCE (SIZE(1..63)) OF RTD-InfoElement-r16

RTD-InfoElement-r16 ::= SEQUENCE {
	trp-id-r16					TRP-ID-r16,	
	subframeOffset-r16			INTEGER (0..1966079),
	rtd-Quality-r16				NR-MeasQuality-r16,
-- FFS on drift rate
--	rtd-DriftRate-r16			INTEGER (-256..255)					OPTIONAL,	-- Need ON
-- FFS on delta-rtd-set
--	delta-rtd-set-r16			SEQUENCE (SIZE (1..2)) OF 
--										Delta-RTD-ResourceSet-r16	OPTIONAL,	-- Need ON
	...
}

Delta-RTD-ResourceSet-r16 ::= SEQUENCE {
	delta-rtd-r16				INTEGER (-64..63)					OPTIONAL,	-- Need ON
	delta-rtd-ResourceList-r16	SEQUENCE (SIZE (1..64)) OF
				 					Delta-RTD-ResourceElement-r16	OPTIONAL,	-- Need ON
	...
}

Delta-RTD-ResourceElement-r16 ::= SEQUENCE {
	delta-rtd-r16				INTEGER (-64..63)					OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	NR-RTD-Info field descriptions

	referenceTRP-RTD-Info
This field defines the reference TRP for the RTD and comprises the following sub-fields:
-	ref-trp-id: This field specifies the identity of the reference TRP.
-	refTime: This field specifies the reference time at which the rtd-InfoList is valid. The systemFrameNumber choice refers to the SFN of the 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.

	trp-id-r16
This fields provides the identity of the TRP for which the RTD-InfoElement is applicable.

	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.

	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 TRP clock is running at a greater frequency than the neighbour TRP 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






posSIB Types Element Definitions

[bookmark: _Toc5724570]–	NR-UEB-TRP-LocationData
The IE NR-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

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

-- ASN1STOP

	NR-UEB-TRP-LocationData field descriptions

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

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



–	NR-UEB-TRP-RTD-Info
[bookmark: _Hlk13714990]The IE NR-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

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

-- ASN1STOP

	NR-UEB-TRP-RTD-Info field descriptions

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