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Introduction
The additional assistance signaling from LMF to gNB/TRP was discussed at the previous meeting to facilitate UL measurements of UL-AOA. The following agreement has been made [1]:
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range)


The reporting of multiple estimated UL-AOAs from gNB/TRP to LMF was discussed at the previous meeting and the following agreement has been achieved [1]:
	Agreement:
· Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



In this contribution, we provide further details for each of the agreements above, including the additional assistance signaling to support expected value and uncertainty range reporting from LMF to the gNB/TRP and the multiple UL-AOAs reporting for the first arrival path from gNB/TRP to the LMF.
Our view on enhancements for the DL-AOD positioning techniques can be found in our companion contribution [2].
Accuracy Improvements for UL-AOA Positioning Solutions
[bookmark: _Hlk53490318]UL-AOA Expected Value and Range Reporting
The additional assistance signaling from LMF to gNB/TRP was discussed at the previous meeting to facilitate UL measurements of UL-AOA. The following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range)



The agreement supports reduction of the angular search range by specifying the expected azimuth and zenith angles of arrival as well as the uncertainty range. It suggests selecting between two alternatives for the UL-AOA and UL-ZOA reporting in GCS or GCS and LCS coordinate systems.

Since the GCS-to-LCS translation function is already supported in the specification, both options with reporting in the GCS and LCS coordinate systems can be supported. 


Support reporting of the expected UL-AOA and UL-ZOA angles in both GCS and LCS coordinate systems

[bookmark: _Ref71199847]Multiple UL-AOAs Reporting
The reporting of multiple estimated UL-AOAs from gNB/TRP to LMF was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



The agreement supports reporting of the multiple azimuth and zenith angles of arrival for the first arrival path corresponding to the same timestamp. It addresses an ambiguity issues when the gNB/TRP can estimate multiple UL-AOAs. One of the examples describes the case when the antenna panel can receive the signal from both frontside and backside directions.
In this contribution we propose further details for the reporting of the multiple UL-AOAs.


Specify the total number of reported UL-AOAs for the first arrival path corresponding to the same timestamp

UL-AOA Reporting
The agreement made on the UL-AOA measurement values reporting (see Section 2.2) assumes the association of the measured values with the first arrival path and the corresponding timestamp. 
However, it was not discussed yet whether the measurement corresponding to the first arrival path is associated with a given SRS Positioning Resource or it is associated with an SRS Positioning Resource Set. In the latter case, the measurements corresponding to the first arrival path from multiple SRS Positioning Resources can be combined or processed jointly. 

The existing Measurement Result information element contains the uplink angle of arrival measurement and optional signaling of the receive beam information associated with that measurement as it is shown in Table 1.

[bookmark: _Ref71200135]Table 1: 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..127)
	

	>>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
	



The Measurement Beam information element contains the receive beam information when measuring the UL signals. It can optionally include the PRS Resource ID, PRS Resource Set ID, and SSB index as specified in Table 2.

[bookmark: _Ref71200225]Table 2: Measurement Beam Information 
	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)
	



Similar to the PRS Resource ID and PRS Resource Set ID, we propose to consider UL-AOA measurements association with the SRS for Positioning Resource or SRS for Positioning Resource Set, which was used in the measurements. 
In the proposal below, we consider these two options:


Consider the following options for the UL-AOA reporting:
Option 1: UL-AOA reporting per SRS for Positioning Resource
Option 2: UL-AOA reporting per SRS for Positioning Resource Set

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

Proposal 1: 
Support reporting of the expected UL-AOA and UL-ZOA angles in both GCS and LCS coordinate systems

Proposal 2: 
Specify the total number of reported UL-AOAs for the first arrival path corresponding to the same timestamp

Proposal 3: 
Consider the following options for the UL-AOA reporting:
Option 1: UL-AOA reporting per SRS for Positioning Resource
Option 2: UL-AOA reporting per SRS for Positioning Resource Set
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