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Introduction
The RAN WG1 agreed to study the specification impact for enabling a reference device to perform measurements and reporting of timing and angle (AOA/AOD) related parameters, [1]
The problem of the UL-AOA reporting in case of the linear antenna array (or unilateral antenna array) was considered at the previous meeting and the following agreement has been captured in the chairman’s notes [1]:
	· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study


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]:
	NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA


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]:
	· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 



In this contribution, we propose to use the angle of arrival measurements in addition to the timing measurements to improve the reliability of the LOS links identification required in the timing errors calibration procedure [2]. 
We provide further details for each of the agreements above, including modifications to support the UL-AOA reporting in case of the linear antenna array, 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 TX/RX timing errors mitigation and DL-AOD positioning techniques can be found in our companion contributions [2] and [3] respectively.
NR Positioning Design Enhancements for UL-AOA Solution
[bookmark: _Hlk53490318]Calibration Using Reference Device
The multi-TEG gNB/TRP calibration procedure with reference device, considered in our companion contribution [2], assumes that all links used in the calibration procedure are the LOS links (i.e. LOS centric calibration solution). If one of the used links in the calibration procedure is an NLOS link, then in addition to the timing errors (related to implementation), it might introduce an excess propagation delay caused by NLOS propagation phenomenon. 
As it was discussed in [2], a reference device can report to the gNB/LMF its error margin per TEG if it uses multiple TEGs for transmission and reception. If error estimate between the measured propagation time and the reference time derived from the known reference device and gNB/TRP coordinates exceeds the reported error margin, then it might be an indication that the link is an NLOS link. 
In this contribution, we propose to use the angle of arrival measurements in addition to the timing measurements to improve the reliability of the LOS links identification required in the timing errors calibration procedure, [2]. The angular measurements can improve the performance of the LOS links identification. 
A reference UE has known location, but in addition to that it may have known antenna orientation in space. If it is equipped with a multi-element antenna array, it may also perform the Downlink Angle of Arrival (DL-AOA) measurements. Therefore, both a reference UE and the gNB/TRP can perform angle of arrival measurements. 
In case of the DL-AOA, the ith gNB/TRP sends a reference signal to a reference UE, which measures the azimuth and zenith angles of arrival (φi-UE, θi-UE) and can report them to LMF. It can also report the angular error margin (Δφi-UE, Δθi-UE), which indicates the maximum estimation error associated with that measurement. The LMF performs the following computations:
	
,
	[bookmark: _Ref60819805](1)


where φi-UE is the measured azimuth angle of arrival, θi-UE is the measured zenith angle of arrival, Φi-UE is the reference azimuth angle derived based on the known reference UE and gNB/TRP coordinates, Θi-UE is the reference zenith angle derived based on the known reference UE and gNB/TRP coordinates, Δφi-UE is the error margin associated with the azimuth angle measurement, and Δθi-UE is the error margin associated with the zenith angle measurement.
If the difference between the measured and the reference angles (φi-UE – Φi-UE) (or θi-UE – Θi-UE) exceeds the threshold defined by the error margin Δφi-UE (or Δθi-UE), then the LMF may classify the link as an NLOS link. 
In case of the UL-AOA, a reference UE sends a reference signal to the ith gNB/TRP, which measures the azimuth and zenith angles of arrival (φUE-i, θUE-i) and can report them to LMF. It can also report the angular error margin (ΔφUE-i, ΔθUE-i), which indicates the maximum estimation error associated with that measurement. The LMF performs the following computations:
	
,
	(2)


where φUE-i is the measured azimuth angle of arrival, θUE-i is the measured zenith angle of arrival, ΦUE-i is the reference azimuth angle derived based on the known reference UE and gNB/TRP coordinates, ΘUE-i is the reference zenith angle derived based on the known reference UE and gNB/TRP coordinates, ΔφUE-i is the error margin associated with the azimuth angle measurement, and ΔθUE-i is the error margin associated with the zenith angle measurement.
If the difference between the measured and the reference angles (φUE-i – ΦUE-i) (or θUE-i – ΘUE-i) exceeds the threshold defined by the error margin ΔφUE-i (or ΔθUE-i), then the LMF may classify the link as an NLOS link. 

Based on the above considerations, we have the following list of the proposals:


Support solution where reference device is a reference UE with known coordinates and known antenna orientation in space


Study the benefits of the solution where reference UE can perform the Downlink Angle of Arrival (DL-AOA) measurements and report them to LMF:
Measured azimuth and zenith DL-AOA (φi-UE, θi-UE) between the ith gNB/TRP and a reference UE


Reporting of the azimuth and zenith angle error margin from gNB/TRP to LMF (UL-AOA) can be used to increase the reliability of LOS link identification
Reporting of the azimuth and zenith angle error margin from a reference UE to LMF (DL-AOA) can be used to increase the reliability of LOS link identification

UL-AOA Report for Linear (Unilateral) Antenna Array
The problem of the UL-AOA reporting in case of the linear antenna array (or unilateral antenna array) was considered at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study



The existing UL-AOA information element containing the uplink angle of arrival measurements includes three fields as it is shown in Table 1, [4]. 

[bookmark: _Ref67928642]Table 1: UL-AOA information element, [4]
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	Angle Coordinate System
	O
	
	ENUMERATED(LCS, GCS)
	



It defines a mandatory azimuth angle of arrival φ counted relative to the x-axis in a positive counterclockwise direction and the optional zenith angle of arrival θ, which is measured relative to the z-axis in a vertical plane corresponding to a given azimuth angle φ. The measurements are performed with respect to the Local Coordinate System (LCS) or Global Coordinate System (GCS) which is indicated by the third optional field provided in Table 1.
If the linear antenna array is configured as a horizontal linear array (or unilateral antenna array), then the UL-AOA cannot be decoupled between the azimuth angle φ and the zenith angle θ measurements. Therefore, the existing UL-AOA information element needs to be modified to support reporting in that case. 
Two options have been considered during the meeting to modify the information element and resolve the problem.
· Option #1: In the first option, as it was shown in [5], the sine function of the measured angle φ’ can be found as a product of sin(φ’) = sin(φ) × sin(θ).
· It was proposed to report the angle φ’ instead of angle φ in that case.

The proposed modification of the existing UL-AOA information element can be as defined in Table 2. 

[bookmark: _Ref67931737]Table 2: Example of UL-AOA information element for horizontal linear antenna array – option #1
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Angle of Arrival
	M
	
	INTEGER(0..3599)
	The reported UL-AOA is defined as arcsin(sin(φ) × sin(θ)), where φ is the azimuth angle and θ is the zenith angle of arrival.

	Angle Coordinate System
	O
	
	ENUMERATED(LCS, GCS)
	



· Option #2: In the second option, it was proposed to use the LCS-to-GCS translation function and set up the z-axis of LCS along the linear array axis. The gNB reports the zenith angle of arrival only, relative to the z-axis in the LCS, and then the LCS-to-GCS translation function is used to set up the specific z-axis direction. 
· Note, that effectively the reported zenith angle in the LCS with the specific choice of the z-axis direction can still be represented as a product of sin(φ) × sin(θ), where φ and θ are the azimuth and zenith angles defined in the GCS.

The modification of the existing UL-AOA information element can be as defined in Table 3. 

[bookmark: _Ref67931926]Table 3: Example UL-AOA information element for horizontal linear antenna array – option #2
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	O
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]

	Angle Coordinate System
	O
	
	LCS only
	



As follows from Table 3, option #2 also requires changes in the existing information element defined in Table 1:
· First, the reporting of the zenith angle should be mandatory and reporting of the azimuth angle is optional, or even not required at all.
· Second, the coordinate system should be selected to the LCS only. 

As follows from Table 2 and Table 3, both options require modifications of the existing reporting format.

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


Select one of the options to support reporting in case of the linear (unilateral) antenna array:
UL-AOA reporting format for the linear antenna array, where the reported UL-AOA is defined as arcsin(sin(φ) × sin(θ)), where φ is the azimuth angle and θ is the zenith angle of arrival
UL-AOA reporting format for the linear antenna array, where zenith angle of arrival is mandatory and azimuth angle of arrival is optional and the angles are reported with respect to the local coordinate system (LCS)

[bookmark: _Ref68093988]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]:
	NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA



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.

NRPPa specification defines a Search Window Information element (9.2.26) as a part of the Measurement Request message sent by the LMF to request the NG-RAN node to configure a positioning measurement, [4]. 
This information element contains search window information for the TRP as defined in Table 4.

[bookmark: _Ref68085037]Table 4: Search Window Information element
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Expected Propagation Delay
	M
	
	INTEGER 
(-3841..3841,…)
	Indicates when the SRS is expected to arrive in time at the TRP relative to the UL RTOA Reference Time.
The UL RTOA Reference Time for a target SRS is defined as , where
-      is the SFN Initialisation Time 
-     , where  and  are the system frame number and the subframe number of the SRS, respectively.
Granularity 4Ts, where Ts=1/(15103 2048) seconds.
Centre of the search window.

	Delay Uncertainty
	M
	
	INTEGER 
(1..246,…)
	Indicates the uncertainty of the expected SRS arrival time at the TRP 
Granularity 4Ts, where Ts=1/(151032048) seconds.
Single-sided search window.



It defines two mandatory fields, including the expected propagation delay and the delay uncertainty. The expected delay filed indicates when the UL-SRS signal is expected to arrive in time at the TRP relative to the UL RTOA Reference Time. The delay uncertainty filed indicates the uncertainty range of the expected UL-SRS arrival time at the TRP.
The UL RTOA Reference Time for a target UL-SRS is settled relative to the SFN initialization time by defining the system frame nf and subframe nsf numbers of the UL-SRS.
In this contribution, we propose (similar to Search Window Information) introduction of a Search Angle Information element as a part of the Measurement Request message sent by the LMF to request the NG-RAN node to configure a positioning measurement, [4].


Support introduction of the Search Angle Information element containing the angle information per TRP as a part of the Measurement Request message sent by the LMF to the NG-RAN node to configure positioning measurement, including five fields:
Expected azimuth angle of arrival φ in deg 
Expected zenith angle of arrival θ in deg
Uncertainty range for the azimuth angle of arrival Δφ
Uncertainty range for the zenith angle of arrival Δθ
Indicator of Local Coordinate System (LCS) or Global Coordinate System (GCS)
Define the expected range of the azimuth angle as (φ - Δφ/2, φ + Δφ/2) and the expected range for the zenith angle as (θ - Δθ/2, θ + Δθ/2)

In addition to that, we suggest association of the Search Angle Information element with the Search Window Information element. The combination of two information elements specifies the expected space-time occurrence of the UL-SRS resource. 


· The search angle and time window parameters for the UL-AOA and UL-RTOA measurements can be associated to specify the expected space-time occurrence of the UL-SRS resource

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]:
	· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 


The agreement supports reporting of the multiple azimuth and zenith angles of arrival for the first arrival path. The reporting for the additional paths is not agreed yet and will be considered as a part of the more general discussion related to the multipath/NLOS mitigation agenda item. 
This proposal addresses an ambiguity issue when the gNB/TRP can estimate the 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 that case, the UL-AOA azimuth angle has an ambiguity between the φ and (π - φ) directions due to the sine function property, i.e. sin(φ) = sin(π - φ). Therefore, gNB/TRP cannot decide between these two directions and need to report both φ and (π - φ) angels to the LMF. 
Based on the previous (known) UE coordinates estimation or by testing multiple hypotheses, the LMF can identify the valid angular direction. The LMF may send an assistance information to the gNB/TRP specifying the valid range by indicating the expected azimuth and zenith angels of arrival and the uncertainty as discussed in Section 2.3.
In this contribution we propose further details for the reporting of the multiple UL-AOAs.


Specify the number of reported UL-AOAs for the first arrival path
Further study the need of multiple UL-AOAs reporting for the additional path components

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 solution where reference device is a reference UE with known coordinates and known antenna orientation in space

Proposal 2: 
Study the benefits of the solution where reference UE can perform the Downlink Angle of Arrival (DL-AOA) measurements and report them to LMF:
Measured azimuth and zenith DL-AOA (φi-UE, θi-UE) between the ith gNB/TRP and a reference UE

Proposal 3: 
Select one of the options to support reporting in case of the linear (unilateral) antenna array:
UL-AOA reporting format for the linear antenna array, where the reported UL-AOA is defined as arcsin(sin(φ) × sin(θ)), where φ is the azimuth angle and θ is the zenith angle of arrival
UL-AOA reporting format for the linear antenna array, where zenith angle of arrival is mandatory and azimuth angle of arrival is optional and the angles are reported with respect to the local coordinate system (LCS)

Proposal 4: 
Support introduction of the Search Angle Information element containing the angle information per TRP as a part of the Measurement Request message sent by the LMF to the NG-RAN node to configure positioning measurement, including five fields:
Expected azimuth angle of arrival φ in deg 
Expected zenith angle of arrival θ in deg
Uncertainty range for the azimuth angle of arrival Δφ
Uncertainty range for the zenith angle of arrival Δθ
Indicator of Local Coordinate System (LCS) or Global Coordinate System (GCS)
Define the expected range of the azimuth angle as (φ - Δφ/2, φ + Δφ/2) and the expected range for the zenith angle as (θ - Δθ/2, θ + Δθ/2)

Proposal 5: 
Specify the number of reported UL-AOAs for the first arrival path
Further study the need of multiple UL-AOAs reporting for the additional path components
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