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Introduction
In this contribution, we provide summary of the enhancements for UL-AOA positioning proposed by companies in contributions [1]-[19]. In addition, we formulate tentative proposals for RAN WG1 discussion and decision.

Enhancements for UL-AOA Positioning Solution
The following list of proposed enhancements was identified based on submitted contributions [1]-[19]:
1. UL-AOA Reporting for Linear Arrays
2. Details of UL-AOA Assistance Information
3. Reference UE for UL-AOA
4. Timestamp and Multiple UL-AOA Values for the FAP
5. Additional Paths and Multiple UL-AOA Measurements
6. UL-AOA Reporting Enhancements
7. Expected AoD
8. LOS/NLOS Identification
9. Velocity for UL-AOA Measurements
10. Multi-port SRS for Positioning
11. UE TX Beam Refinement 
12. Beamforming and UL-AOA Estimation
13. Antenna Reference Points
14. SRS for Positioning Power Control

Design Aspects
Aspect #1: UL-AOA Reporting for Linear Arrays 
[bookmark: _Hlk68906299]The following agreement was made with respect to enhancements of UL-AOA reporting in case of linear antenna array.
	· 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


Based on review of contributions, the following views were expressed:
· Option 1: Preferred by 4 sources: [Ericsson, [19]], [Samsung, [12]], [Intel, [9]], [InterDigital, [8]]
· Option 2: Preferred by 8 sources: [CEWiT, [18]], [Qualcomm, [11]], [Nokia, [7]], [ZTE, [4]], [vivo, [2]], [OPPO, [1]], [Huawei, [14]], [Intel, [9]]
· Option 2b: Preferred by 1 source: [Huawei, [14]]
· 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 z-axis direction is also reported via AoA and ZoA in GCS.
From feature lead perspective, all options can work and have similar impact on specification. Option 1 seems to be a more general solution. Considering the majority preference on Option 2, it is recommended to take this option.

Proposals for Round #1

Proposal 1-1
· The following option is supported to enhance signaling of UL-AOA measurement report in case of a linear array
· 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
· UL-AOA signalling details for support of Option 2 are left up to RAN WG3

Companies are invited to provide comments on above proposal
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #2: Details of UL-AOA Assistance Information
The following agreement was made with respect to assistance signaling to facilitate UL-AOA measurements:
	· 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


Based on review of submitted contributions the following aspects were identified for discussion:
· Assistance information details
· Expected AoA/ZoA can be the boresight information of a beam [CMCC, [6]]
· Uncertainty range can be beam width [CMCC, [6]]
· LMF can refer to the reported DL measurement and the associated resource index to configure the AoA search window for each TRP [CMCC, [6]]
· gNB/TRP beam configuration can be provided as a part of assistance [Sony, [13]]
· 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) [Intel, [9]]
· UL-AOA search window can be associated with RTOA search window [Intel, [9]]
· Use the standard deviation associated with the expected (time average) AoA/ZoA value to indicate uncertainty associated with the expected AoA/ZoA value [InterDigital, [8]]
· Support indication of expected and uncertainty for AoA/ZoA at least for the main path [InterDigital, [8]]
· A reference AoA value  and the range , and A reference ZoA value  and the range  [OPPO, [1]]
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurements can be expected in the direction of an DL-PRS. [Fraunhofer, [17]]
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurement can be expected in the direction of an UL-SRS. [Fraunhofer, [17]]
· Coordinate system for expected AoA/ZoA
· Select either GCS or LCS: [ZTE, [4]]
· GCS only: [Ericsson, [19]], [Huawei, [14]], [Nokia, [7]] (like the definition of UL AoA in the GCS)
· Configurable LCS or GCS: [Qualcomm, [11]], [Intel, [9]], [CATT, [3]] (if LMF has GCS to LCS conversion relationship of the gNB/TRP antenna), [OPPO, [1]]
· Applicability of the expected AoA/ZoA to UL-TDOA and Multi-RTT
· Applicable to UL-TDOA and Multi-RTT: [Huawei, [14]]
· Granularity of expected AoA/ZoA and uncertainty
· Multiple values of granularities for expected and uncertainty of AoA/ZoA value [InterDigital, [8]]
· Minimum granularity of 0.1 degree for expected angles and uncertainties. RAN3 are encouraged to optimize the granularity signaling. [Huawei, [14]]
· Assistance information for linear array
· Reference angle  with respect to the linear array axis / range  of the angle of arrival of the UE in the plane vertical to the linear antenna array axis [OPPO¸[1]]
· This aspect has dependency with Aspect #1 (i.e. which option will be agreed for Aspect #1)
· Signaling/protocol details (message)
· Sony, [13]
· gNB/TRP reports the usage of assistance information together with the reported positioning measurement report
· Ericson, [19]
· gNB can request expected AoA/ZoA and uncertainty window
· Assistance information can be provided to gNB during initial LMF measurement request message (as a part of SRS configuration)
· LMF can provide updates to assistance information (part of the measurement update)
· gNB can omit uncertainty window provided by LMF and provide update to the uncertainty window
· Huawei, [14]
· The signaled uncertainty should not prevent gNB from providing the measurements outside the range
· Qualcomm, [11]
· The LMF can include the expected AoA/ZoA information as part of the Measurement Request Message in NRPPa.
· Nokia, [7]
· Details of the procedure for providing expected AoA/ZoA should be discussed in RAN3.
· Validity of AoA assistance information
· Define validity of UL-AoA assistance information [Sony, [13]]
· LS to RAN3 – Assistance information for UL AoA/ZoA has impact on NRPPa
· [Ericsson, [19]], [Nokia, [7]]

Proposals for Round #1
It is proposed to discuss and select:
· One option for indication of expected AoA/ZoA and uncertainty range
· One alternative for support of coordinate system for UL-AOA assistance information
· Discuss whether indication of expected AoA/ZoA and uncertainty range is applicable for UL-TDOA and Multi-RTT
· Leave other signaling details up to RAN2/RAN3

Proposal 2-1
· Select one option for indication of expected AoA/ZoA and uncertainty range
· Option 1: Uncertainty range for expected 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
· Option 2:
· LMF indicates DL-PRS resource for the expected AoA/ZoA and uncertainty range
· In this case, expected AoA/ZoA is represented by boresight information of a DL-PRS resource (beam) and uncertainty range is associated with DL-PRS resource beamwidth
· Option 3:
· LMF indicates standard deviation associated with the expected (time average) AoA/ZoA value is used to indicate uncertainty associated with the expected AoA/ZoA value
· Select one of the following coordinate system alternatives for signaling 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
· LMF indicates which coordinate system is used
· Note: LCS can be indicated if LMF has GCS to LCS conversion relationship of the gNB/TRP antenna
· Signaling of AoA/ZoA assistance information (expected value and uncertainty range) is supported for UL-TDOA and Multi-RTT positioning methods 
· Note: Signaling of AoA/ZoA assistance information does not limit gNB/TRP measurement behavior
· Other signalling details related to AoA/ZoA assistance information are discussed in RAN2/RAN3

Companies are invited to provide comments on above proposal
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	




Aspect #3: Reference UE for UL-AOA
The possibility to use reference UE to facilitate precise UL-AOA measurements and positioning was discussed by multiple companies:
· Support reporting of UL-AoA measurements from the reference node for AoA error calibration [CEWiT, [18]]
· LMF sends the expected angle of the reference device to gNB for TRP antenna-element wise calibration. [Huawei, [14]]
· Support reference UE with known antenna orientation in space and coordinate [Intel, [9]]
· Reference UE can perform the Downlink Angle of Arrival (DL-AOA) measurements and report them to LMF [Intel, [9]]
· Measured azimuth and zenith DL-AOA (φi-UE, θi-UE) between the ith gNB/TRP and a reference UE
· Support the reference UE to report DL positioning measurements associated with known position coordinates of each calibrated test point to LMF [CATT, [3]]

Proposals for Round #1

Proposal 3-1
· Reference UE with known antenna orientation in space and coordinates is supported
· Reference UE reports DL positioning measurements associated with known position coordinates of each calibrated test point to LMF
· LMF sends the expected angle of the reference UE to gNB for TRP antenna-element wise calibration
· Reference UE with known antenna orientation performs the Downlink Angle of Arrival (DL-AOA) measurements and reports them to LMF
· Measured azimuth and zenith DL-AOA (φi-UE, θi-UE) between the ith gNB/TRP and a reference UE

Companies are invited to provide comments on above proposal
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	


Aspect #4: Timestamp & Multiple UL-AOA Values for the FAP
The following agreement was made by RAN WG1 with respect to reporting of multiple UL-AOA measurement values for the first arrival path.
	· 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 following proposals were provided:
· Support multiple UL-AOA values that correspond to the same time stamp [CATT, [3]]
· No need to restrict the multiple values corresponding to the same time stamp [CMCC, [6]]
· Multiple values of M can correspond to the same time stamp [Fraunhofer, [17]]
· Support reporting of multiple UL-AOA (AoA/ZoA) measurement values of multiple first paths [vivo, [2]]

Proposals for Round #1
It is proposed to clarify that multiple UL-AOA values correspond to the same time stamp.
Proposal 4-1
· 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

Companies are invited to provide comments on above proposal
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #5: Additional Paths and Multiple UL-AoA Measurements
Some companies have expressed views that additional paths should be discussed in NLOS/multipath mitigation objective. The following aspects were identified with respect to support of multiple UL-AOA measurements in contributions:
· Support of multiple UL-AOA measurements for additional paths.
· Number of UL-AOA measurements per additional path N. Different views are expressed by companies 
· N = 1
· N ≥ 1
· Additional measurements
· Timing delay for additional paths (this is discussed under Aspect #6)
· Per path RSRP for additional path (this is discussed under Aspect #6)

Proposals for Round #1

Proposal 5-1
· Discuss and select one of the following alternatives for additional paths
· Alt.1: UL-AOA measurement for additional paths is supported
· Alt.2: UL-AOA measurement for additional paths is not supported
· Alt.3: UL-AOA measurement for additional paths is discussed under NLOS/multipath mitigation objective starting from the next meeting

If companies prefer to discuss/support UL-AOA measurements for additional paths in this meeting, it is also worthwhile to provide comments on one of the options below:
· Select one option for reporting to LMF multiple UL-AOA values per additional path
· Option 1: NR supports reporting to LMF of N = 1 UL-AOA measurement values per additional path for the same timestamp
· Option 2: NR supports reporting to LMF of N ≥ 1 UL-AOA measurement values per additional path for the same timestamp
· Note:
· It is up to gNB implementation whether to report N UL-AOA measurement values for each additional path

Companies are invited to provide comments on above proposal
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



[bookmark: _Hlk68792848]Aspect #6: UL-AOA Reporting Enhancements
The following aspects were discussed with respect to UL-AOA measurements and reporting enhancements:
· Identification of SRS resource and report of SRS resource ID with UL-AOA measurements [vivo, [2]], [Sony, [13]] (with RSRP), [OPPO, [1]]
· Support of RSRP and RTOA measurements for additional paths [OPPO,[1]], [LGE, [16]] (at least RSRP), [CEWiT, [18]] (TOA), [Qualcomm, [11]] (RSRP, RTOA, AOA tuple in single report) 
· UL-SRS-RSRP is measured within a time window and relative power of the FAP [Apple, [10]]
· Reporting of statistical property (standard deviation) for UL-AOA measurements [Sony, [13]]

Proposals for Round #1
Based on contribution, it is suggested to discuss the following proposal:
Proposal 6-1
· For UL-AOA positioning, select alternative for NR support of path-specific RSRP measurements based on SRS (for positioning, MIMO)
· Alt.1: NR supports reporting of path specific RSRP measurements for the first arrival path only
· Alt.2: NR supports reporting of path specific RSRP measurements for the first arrival path and for additional paths
· Alt.3: NR supports reporting of RSRP measurements in a pre-configured time window
· Power of paths outside of the window is excluded. FFS details of time window configuration
· FFS how/whether path specific RSRP measurements are supported per SRS resource or SRS resource set (for positioning, MIMO)
· For UL-AOA positioning, select alternative for support of path-specific UL-RTOA measurements based on SRS (for positioning, MIMO)
· Alt.1: NR supports reporting of path specific UL-RTOA measurements for the first arrival path only
· Note: UL-RTOA for the first arrival path is supported for UL-TDOA (it is discussed in the context of UL-AOA)
· Alt.2: NR supports reporting of path specific UL-RTOA measurements for the first arrival path and for additional paths
· FFS how/whether path specific RTOA measurements are supported per SRS resource or SRS resource set (for positioning or MIMO)

Observation 6-1 (Feature lead observation):
Currently the above enhancements are discussed in the context of UL-AOA positioning enhancements, however similar (symmetrical) enhancements can be supported for UL-TDOA (e.g. path specific AOA and RSRP measurements per first arrival path or additional paths). It needs to be better clarified whether 
1) Option 1: Enhancements are limited to UL-AOA positioning (i.e. only UL-AOA is enhanced with new measurements)
2) Option 2: New positioning method is to be introduced (i.e. hybrid AOA/RTOA/RSRP method)
3) Option 3: Similar enhancements are to be introduced to UL-TDOA/multi-RTT (i.e. other positioning methods UL-TDOA and multi-RTT will have similar enhancements)

Companies are invited to provide comments on initial proposal and feature lead observation:
	Company Name
	Comments

	
	FL Proposal:
FL Observation:

	
	

	
	

	
	

	
	

	
	




[bookmark: _Hlk68906078]Aspect #7: Expected AoD
In [Nokia, [7]], it is proposed to introduce an expectedAoD parameter to assist SRS configuration and UE transmission of SRS for positioning. This parameter could be signaled between the LMF and TRPs (e.g., using NRPPa) or LMF and UE (e.g., using LPP).

Proposals for Round #1
To facilitate further discussion companies are invited to provide views on whether expectedAoD parameter to assist SRS configuration and UE transmission of SRS for positioning should be supported.
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	




Aspect #8: LOS/NLOS Identification
The importance of LOS/NLOS indication for NR Positioning and especially UL-AOA positioning was mentioned in several contributions. The views on reporting soft values and use of polarization to assist LOS/NLOS identification were expressed in [Futurewei, [5]].
Based on FL understanding, the LOS/NLOS identification is equally important for timing and angle-based positioning techniques and thus it is expected to be discussed in agenda item on NLOS/multipath mitigation starting from the next meeting.

Proposals for Round #1
Considering, the LOS/NLOS identification is equally important for timing and angle-based positioning techniques it can be recommended to discuss it under the NLOS/multipath mitigation agenda.

Proposal 8-1
· Discuss LOS/NLOS identification under objective of NLOS/multipath mitigation for all positioning methods

Companies are invited to express views on above proposal:
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	




Aspect #9: Velocity for UL-AOA Measurements
In [Ericsson, [19]], it is proposed that for estimating AoA at TRPs, velocity of the UE should be reported to the network.
Proposals for Round #1
[bookmark: _Hlk69040055]It needs to be better understood, whether UE is expected to report velocity vector or gNB measurements are expected to be done to estimate UE velocity.
Companies are invited to express views on above aspect:
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	




Aspect #10: Multi-port SRS for Positioning
In [Fraunhofer, [5]], it is proposed to enhance SRS for positioning and introduce support of simultaneous SRS transmission for positioning over multiple ports. It is also noted that there is no impact to RAN1 specifications, and that proposal can be enabled with RRC changes only.
Proposals for Round #1
Multi-port SRS for positioning can be applicable for any positioning methods and thus should be discussed from general perspective (i.e. w/o focus on UL AOA – which is the main objective of this agenda).
[bookmark: _Hlk69070064]Companies are invited to provide views on support of multi-port SRS for positioning:
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #11: UE TX Beam Refinement
In [LGE, [16]], it is proposed to provide additional information for UE TX beam refinement, either:
· Location of both TRPs and UE
· TRP ID and UE location

Proposals for Round #1
In general, UE TX beam alignment can be supported through spatial relationship of SRS for positioning resource. The need for additional information was not discussed so far. 
Companies are invited to provide views on LMF signaling to facilitate UE TX beam alignment: 1) location of both TRPs and UE or 2) TRP ID and UE location
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #12: Beamforming and UL AOA Estimation
In [Nokia, [7]], it is proposed to study beam interpolation based AoA estimation method based on UL-RSRP measurements (accurate and effective AoA measurement methods based on UL-RSRP). 
In [Samsung, [12]], it is proposed to support differential beamforming technique for UL-AOA positioning methods. 
Proposals for Round #1
To facilitate further discussion/decision by the group, companies are invited to provide views/feedback on beam interpolation based AoA estimation and differential beamforming.
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #13: Antenna Reference Points
Proposals for Round #1
In [ZTE, [4]], it is mentioned that at least in the following cases, current specification doesn’t support gNB/TRP to report ARP information of UL measurement results:
· Measurement Beam Information is not requested by LMF. However, the gNB/TRP still expects to report measurement results from multiple ARPs.
· The gNB/TRP only supports UL based positioning, so that there is no DL PRS resources configured.
· The gNB/TRP is a reception point (RP) attached with multiple ARPs, where the RP only supports UL reception.
In contribution it is proposed that Rel-17 should be able to report UL-AOA measurement results being associated with ARP information (e.g. ARP ID and corresponding geographical coordinate).

Proposals for Round #1

To facilitate further discussion/decision by the group, companies are invited to provide views/feedback on association of UL measurements with ARP ID / corresponding geographical coordinate.

	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Aspect #14: SRS for Positioning Power Control
In [Samsung, [12]], it is proposed to consider power control enhancement for SRS-pos to improve UL-AOA based solution. It needs to be clarified which enhancement is considered by proponent.

Proposals for Round #1
Companies are invited to provide views on SRS power control enhancements for UL-AOA solution:
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	


Conclusion
In this contribution, we provided review of the submitted contributions for NR Positioning UL-AOA enhancements and prepared initial set of proposals to facilitate further discussion/decision by RAN WG1 during the RAN1#104bis–e meeting.
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