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Introduction
The RAN WG1 agreed to support the UL-AOA enhancements including the UL-AOA positioning measurements association with the TRP Antenna Reference Point (ARP) to support accurate measurements in case of the multi-panel TRP operation and the multiple measurements reporting including the UL SRS-RSRP, UL-AOA, UL-RTOA and gNB Rx-Tx time difference in a single report from gNB to the LMF.
In this contribution we provide our view on the remaining details for the UL-AOA positioning enhancements mentioned above. 

Accuracy Improvements for UL-AOA Positioning Solutions
[bookmark: _Hlk53490318]Association of UL-AOA Measurements with Antenna Reference Point
The association of the UL-AOA measurements with the gNB Antenna Reference Point (ARP) was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.



In case of the DL PRS transmission, each DL PRS Resource can be associated with the ARP and the corresponding geographical coordinates by using of the DL-PRS Resource Coordinates Information Element (IE), [2].
The ARP concept was introduced to support multi panel TRP operation. In that case the TRP antenna array may consist of the multiple antenna panels, where geometrical centre of each panel may have sufficiently different coordinates from ones provided by TRP. The reporting of TRP coordinates only in that case may cause an error in UE coordinates estimation. To improve estimation accuracy, the ARP information associated with the DL PRS Resources was introduced.
The TRP coordinate is introduced in relative fashion with respect to the reference point, which is defined by the Reference Point IE, Table 1, [2]. The TRP coordinate can be obtained via TRP information exchange using TRP Information IE as defined in Table 2 and Geographical Coordinates IE, as defined in Table 3, [2].

[bookmark: _Ref86746562]Table 1: Reference Point IE
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE ReferencePoint
	M
	
	
	Reference point to which relative location information is related to 

	>Coordinate ID
	
	
	
	

	>>Coordinate ID
	M
	
	INTEGER(0.. 29-1,..)
	Referential ID mapped via OAM

	>Reference Point Coordinates
	 
	 
	 
	 

	>>Reference Point Position
	M
	 
	NG-RAN Access Point Position
9.2.10
	 

	>Reference Point Coordinates High Accuracy
	 
	 
	
	 

	>>Reference Point High Accuracy Access Position 
	M
	 
	NG-RAN High Accuracy Access Point Position
9.2.49
	 



[bookmark: _Ref86746628]Table 2: TRP Information IE
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	TRP ID
	M
	
	9.2.24
	

	TRP Information Type
	
	1 .. <maxnoTRPInfoTypes>
	
	

	>CHOICE TRP Information Item
	M
	
	
	

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

	>>NG-RAN CGI
	M
	
	9.2.6
	

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

	>>PRS Configuration
	M
	
	9.2.44
	

	>>SSB Information
	M
	
	9.2.54
	

	>>SFN Initialisation Time
	M
	
	9.2.36
	

	>>Spatial Direction Information
	M
	
	9.2.45
	

	>>Geographical Coordinates
	M
	
	9.2.46
	



[bookmark: _Ref86746644]Table 3: Geographical coordinates IE
	[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



Two information elements can be applied to set up the relative TRP position, including the TRP Position Relative Geodetic IE and TRP Position Relative Cartesian IE, [2].
The DL PRS resource coordinates are defined by the DL-PRS Resource Coordinates IE as defined in Table 4, which is a part of the Geographical Coordinates IE. 

[bookmark: _Ref86746755]Table 4: DL PRS Resource Coordinates IE
	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
	



First, the DL PRS Resource Set ID is associated with the DL PRS Resource Set ARP Location, which is defined relative to the geographical coordinates of the TRP. Second, the DL PRS Resource ID is associated with the DL PRS Resource ARP Location, which is defined relative to the DL PRS Resource Set ARP Location. 

The agreement above proposes introducing the association of UL-AOA positioning measurements with the TRP Antenna Reference Point (ARP). 

In case if gNB/TRP supports UL based positioning only, the association of the UL measurements with the ARP Location can be introduced in a similar way as it was done for the DL PRS resources. 

In this contribution, we propose introduction of the UL Coordinates IE, where the UL ARP ID is associated with the UL ARP Location. The UL ARP Location is introduced relative to the TRP geographical coordinates. 

The UL-AOA, UL-RTOA, and UL SRS-RSRP measurements can be associated with the UL ARP ID. 

Based on the provided considerations, we have the following proposals:


Support introduction of the UL ARP ID, which is associated with the UL ARP Location
The UL ARP Location is introduced relative to the TRP geographical coordinates


Support association of the UL-AOA, UL-RTOA, and UL SRS-RSRP measurements with the UL ARP ID

Multiple Measurements Reporting
The reporting of one SRS-RSRP, one UL-RTOA/gNB Rx-Tx time difference and multiple UL-AOAs by the gNB to the LMF for both SRS for positioning and SRS for MIMO was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
· For the first arrival path measurements on SRS for positioning resource, 
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}
· FFS additional option: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· For the first arrival path measurements on SRS for MIMO resource,
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· FFS: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· Note: The operation of SRS for MIMO is transparent to the UE



In addition, an option that can be considered for further study, includes gNB reporting of {multiple SRS-RSRP, multiple UL-AOAs, one UL-RTOA} and {multiple SRS-RSRP, multiple UL-AOAs, one gNB Rx-Tx time difference} in a single report to the LMF. 

In our understanding, the motivation to report multiple RSRP values (that was discussed at the meeting) is to address the case, when the strength of the incoming signal is measured from the multiple spatial directions applying different RX beamforming settings and each measurement corresponds to its own measured RSRP value. 
If this is a case, then multiple UL-RTOA and gNB Rx-Tx time difference measurements should be reported as well since different RX beamforming settings may correspond to significantly different propagation time delays. 

Based on the above considerations, we have the following observation:


· In case if multiple RSRP measurements are reported for the different RX beamforming settings, then corresponding multiple UL-RTOA and gNB Rx-Tx time difference measurements should be reported 

We have the following proposal:


In case if multiple RSRP measurements are reported, clarify the structure of the report:
Clarify if multiple RSRP values can correspond to the multiple UL-RTOA and gNB Rx-Tx time difference measurements
Clarify if each of the reported RSRP and UL-RTOA/gNB Rx-Tx time difference measurements can correspond to the multiple UL-AOAs


Conclusions
In this contribution, we have provided further details to support UL-AOA enhancements. In summary, we have the following list of proposals:

Proposal 1:
Support introduction of the UL ARP ID, which is associated with the UL ARP Location
The UL ARP Location is introduced relative to the TRP geographical coordinates

Proposal 2:
Support association of the UL-AOA, UL-RTOA, and UL SRS-RSRP measurements with the UL ARP ID

Proposal 3:
In case if multiple RSRP measurements are reported, clarify the structure of the report:
Clarify if multiple RSRP values can correspond to the multiple UL-RTOA and gNB Rx-Tx time difference measurements
Clarify if each of the reported RSRP and UL-RTOA/gNB Rx-Tx time difference measurements can correspond to the multiple UL-AOAs
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