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Introduction
[bookmark: _GoBack]According to the agreed WID [1], a number of agreements have been approved to improve positioning accuracy for UL-AOA method over the past several meetings. In this contribution, we provide our views on the following agreement approved in last meeting [2]. 
Agreement:
Further study and conclude whether association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information is supported at RAN1#106bis-e.
Multiple antenna reference points for a TRP
Current status in specification:
Rel-16 specification supports different DL PRS resources being transmitted through different antenna reference points (i.e. different geographical coordinates) from the same TRP. As defined in NRPPa protocol, the following Table 1 in section 9.2.47 of TS 38.455 [3] defines the geographical coordinates of the antenna reference points (ARP) for the DL-PRS Resources of the same TRP, wherein each DL PRS resource set ARP location is defined relative to the geographical coordinates of the TRP and each DL PRS resource ARP location is defined relative to a DL PRS resource set ARP location. 


Table.1 Coordinates of DL-PRS Resources
Furthermore, a gNB/TRP can be requested by LMF (via Measurement Beam Information Request) to provide its receiving beam information when measuring UL signals. Thus, each measurement result from gNB/TRP can be associated with a DL PRS resource or an SSB in Measurement Beam Information as shown in Table 2, which indicates the receiving beam information when measuring UL signals. Therefore, the ARP association information is implicitly indicated for the UL measurement when DL PRS resource is included in a measurement report as requested by LMF, i.e. the SRS reception and DL PRS transmission are conducted by the same ARP. 


Table.2 Measurement Beam Information
However, at least in the following cases, current specification doesn’t support TRP to report ARP association information of UL measurement results,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
Proposal 1: At least in the following conditions, gNB/TRP should be allowed to report ARP information of the TRP measurement results,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
Benefits to support multiple ARPs:
As depicted in FIG.1, the antenna configuration of one TRP may include multiple antenna groups (or panels) located in slightly different geographical coordinates, where each of the ARP may be able to virtualize different Rx and Tx beam directions or detect timings.


FIG.1 Antenna configuration of one TRP
From technical perspective, the derived positioning accuracy improves along with the increase of the number of positioning reference points. Meanwhile, in current NRPPa specification, a NG-RAN node provides a TRP list and corresponding geographical coordinates are provided by TRP INFORMATION RESPONSE message. Then, LMF may include a TRP list and requested information in MEASUREMENT REQUEST message. Finally, the NG-RAN node should include, in the MEASUREMENT RESPONSE/REPORT message, the requested information for all TRPs included in the TRP List. It’s reasonable that gNB/TRP may change its antenna status ( e.g. switch on and off some of panels or antenna groups) during the positioning procedure. However, according to the current specification, such information cannot inform LMF dynamically since there is no way to timely update the TRP information hosted by a NG-RAN node.
Observation 1: The changes of antenna status ( e.g. switch on and off some of panels or antenna groups) in TRP cannot inform LMF dynamically according to the current specification.
Even for a TRP with a single panel, the array phase center may not always be aligned with the ARP of a panel. The antenna phase center offset depends on beam information, frequency information etc, which has been well studied in GNSS positioning. Antenna phase center offset may have significant impact on high accuracy positioning [4]. 
Observation 2: Even for a TRP with a single panel, the array phase center may not always be aligned with the ARP of a panel and lead to large impact on high accuracy positioning.
There is one proposal [5] to address the case when far-field assumption is not met between a UE and the TRP. TRP may select a part of antennas (or antenna group) satisfied far-field assumption to measure AOA/ZOA value. Different antenna groups may locate in different geographical coordinates (i.e. different antenna reference points).
Observation 3: Report geographical coordinates of antenna groups may help to address the case when far-field assumption is not met between a UE and the TRP.
Specification impacts to support multiple ARPs:
There could be two ways to support TRP to provide UL measurement results along with ARP information as elaborated below. 
First solution:
As shown in the Table A.1 of Appendix, a TRP should be allowed to provide a list of ARPs in TRP INFORMATION RESPONSE message. The ARP position is defined relative to the associated TRP position. Then, TRP is expected to optionally provide the ARP ID for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message as depicted in Table A.2 of Appendix.
Second solution:
A TRP doesn’t have to provide ARP information in TRP INFORMATION RESPONSE message. Instead, the TRP can directly provide the ARP position for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message as demonstrated in Table A.3 of Appendix. Likewise, the ARP position is defined relative to the associated TRP position. 
Proposal 2: In order to improve positioning accuracy, Rel-17 should support reporting TRP measurement results being associated with ARP (Antenna Reference Point) information, consider at least one of the following options,
· Option 1: A TRP should be allowed to provide a list of ARPs in TRP INFORMATION RESPONSE message. The ARP position is defined relative to the associated TRP position. Then, TRP is expected to optionally provide the ARP ID for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message.
· [bookmark: OLE_LINK1]Option 2: A TRP can optionally provide the ARP position for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message, wherein the ARP position is defined relative to the associated TRP position. 
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to reduce enhance UL-AOA positioning accuracy, the following observations and proposals are proposed,
Proposal 1: At least in the following conditions, gNB/TRP should be allowed to report ARP information of the TRP measurement results,
· Measurement Beam Information is not requested by LMF. 
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality .
Observation 1: The changes of antenna status ( e.g. switch on and off some of panels or antenna groups) in TRP cannot inform LMF dynamically according to the current specification.
Observation 2: Even for a TRP with a single panel, the array phase center may not always be aligned with the ARP of a panel and lead to large impact on high accuracy positioning.
Observation 3: Report geographical coordinates of antenna groups may help to address the case when far-field assumption is not met between a UE and the TRP.
Proposal 2: In order to improve positioning accuracy, Rel-17 should support reporting TRP measurement results being associated with ARP (Antenna Reference Point) information, consider at least one of the following options,
· Option 1: A TRP should be allowed to provide a list of ARPs in TRP INFORMATION RESPONSE message. The ARP position is defined relative to the associated TRP position. Then, TRP is expected to optionally provide the ARP ID for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message.
· Option 2: A TRP can optionally provide the ARP position for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message, wherein the ARP position is defined relative to the associated TRP position. 
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Appendix 
Table A.1
9.2.46	Geographical Coordinates 
This information element contains the geographical coordinates for the TRP.

	[bookmark: _Hlk49177418]IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE TRP Position Definition Type
	M
	
	
	

	>Direct
	
	
	
	

	>>CHOICE Accuracy
	M
	
	
	

	>>>normal accuracy
	
	
	
	

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

	>>>high accuracy
	
	
	
	

	>>>>TRP High Accuracy Access Position
	M
	
	NG-RAN High Accuracy Access Point Position
9.2.49
	The configured estimated geographical high accuracy position of the antenna of the cell/TRP.

	>Referenced
	
	
	
	

	>>Reference Point
	M
	
	9.2.51
	The reference point is used to derive the TRP position

	>>CHOICE Type
	M
	
	
	

	>>>Geodetic
	
	
	
	

	>>>>TRP Position Relative Geodetic
	M
	
	Relative Geodetic Location
9.2.48
	The configured estimated relative geodetic coordinate of the antenna of the cell/TRP

	>>>Cartesian
	
	
	
	

	>>>>TRP Position Relative Cartesian
	M
	
	Relative Cartesian Location
9.2.50
	The configured estimated relative Cartesian coordinate of the antenna of the cell/TRP

	DL-PRS Resource Coordinates
	O
	
	9.2.47
	DL-PRS Resource Coordinates relative to the TRP coordinate

	ARP List
	 O
	0 ..1
	
	

	>ARP Item
	
	1 .. <maxnoARs>
	
	

	>>ARP ID
	M
	
	
	

	>>CHOICE Accuracy for a ARP Position 
	M
	
	
	

	>>CHOICE Accuracy
	M
	
	
	

	>>>normal accuracy
	
	
	
	

	>>>>TRP Position
	M
	
	
	

	>>>high accuracy
	
	
	
	

	>>>>TRP High Accuracy Access Position
	M
	
	
	



Table A.2
[bookmark: _Toc51776055][bookmark: _Toc56773077][bookmark: _Toc74152362][bookmark: _Toc64447706]9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	

	>ARP ID
	O
	
	
	


Table A.3
9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	

	>CHOICE Accuracy for a ARP Position 
	O
	
	
	

	>>CHOICE Accuracy
	M
	
	
	

	>>>normal accuracy
	
	
	
	

	>>>>TRP Position
	M
	
	
	

	>>>high accuracy
	
	
	
	

	>>>>TRP High Accuracy Access Position
	M
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		IE/Group Name

		Presence

		Range

		IE Type and Reference

		Semantics Description



		DL-PRS Resource Set ARP List

		M

		1..<maxPRS-ResourceSets>

		

		



		>DL-PRS Resource Set ID

		M

		

		INTEGER (0..7)

		



		>CHOICE DL-PRS Resource Set ARP Location

		M

		

		

		Relative to the geographical coordinates for the TRP. If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource Set ID.



		>>Geodetic

		

		

		

		



		>>>TRP Position Relative Geodetic

		M

		

		Relative Geodetic Location 9.2.48

		



		>>Cartesian

		

		

		

		



		>>>TRP Position Relative Cartesian

		M

		

		Relative Cartesian Location 9.2.50

		



		>DL-PRS Resource ARP List

		M

		1..<maxPRS-ResourcesPerSet>

		

		



		>>DL-PRS Resource ID

		M

		

		INTEGER (0..63)

		



		>>CHOICE DL-PRS Resource ARP Location

		M

		

		

		Relative to the DL-PRS Resource Set ARP Location.

If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource ID.



		>>>Geodetic

		

		

		

		



		>>>TRP Position Relative Geodetic

		M

		

		Relative Geodetic Location 9.2.48

		



		>>>Cartesian

		

		

		

		



		>>>TRP Position Relative Cartesian

		M

		

		Relative Cartesian Location 9.2.50

		






image1.emf
IE/GroupName Presence Range IETypeandReference SemanticsDescription

DL-PRSResourceSet

ARPList

M 1..<maxP

RS-Resou
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>DL-PRSResourceSet
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M INTEGER(0..7)

>CHOICEDL-PRS

ResourceSetARP

Location

M Relativetothegeographical
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zerofortheindicatedDL-PRS

ResourceSetID.

>>Geodetic

>>>TRPPosition

RelativeGeodetic

M RelativeGeodetic

Location9.2.48

>>Cartesian

>>>TRPPosition

RelativeCartesian

M RelativeCartesian

Location9.2.50

>DL-PRSResourceARP

List

M 1..<maxP

RS-Resou

rcesPerSe

t>

>>DL-PRSResourceID M INTEGER(0..63)

>>CHOICEDL-PRS

ResourceARPLocation

M RelativetotheDL-PRSResource

SetARPLocation.

IfthisIEisabsent,theRelative

Locationiszerofortheindicated
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		IE/Group Name

		Presence

		Range

		IE Type and Reference

		Semantics Description



		PRS Resource ID

		O

		

		INTEGER(0..63)

		



		PRS Resource Set ID

		O

		

		INTEGER(0..7)

		



		SSB Index

		O

		

		INTEGER(0..63)
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PRSResourceID O INTEGER(0..63)

PRSResourceSetID O INTEGER(0..7)

SSBIndex O INTEGER(0..63)
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