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1 Introduction
At RAN1 #104-e meeting, the following agreements were reached with regards to this sub-agenda: 
	Agreement:
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

Agreement:
· 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

Agreement:
· 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 paper, we present our views on potential enhancements related to enhancements on UL AoA positioning.
2 Assistance Data Enhancements for UL-AoA
The following agreement was made with regards to assistance data enhancements for UL-AoA:
	Agreement:
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



With regards to the UL-AoA reporting from a gNB to the LMF, we observe that the reference frame for the reported angle could be LCS or GCS as shown in 38.455:
	[bookmark: _Toc51776056][bookmark: _Toc56773078][bookmark: _Toc56773288]9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	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]

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	






We propose similar configurability freedom to be provided when the LMF sends the expected AoA/ZoA information to the gNB. 
Proposal 1: The reference angle for the expected AoA/ZoA should be configurable to an LCS or GCS similar to the reference angle for reporting of UL-AoA from the gNB to the LMF. The LMF can include the expected AoA/ZoA information as part of the Measurement Request Message in NRPPa. 
3 Multi-AoA & Multi-Timing Measurement Report
NR Positioning Protocol A standard (TS 38.455) in 5G specifies information element formats for a gNB to report positioning related measurements to a location server. Specifically, the measurement report information element includes options to report the SRS RSRP, RTOA and Rx-Tx time difference. 
	TRPMeasurementQuantities-Item ::= ENUMERATED {
	gNB-RxTxTimeDiff, 
	uL-SRS-RSRP, 
	uL-AoA, 
	uL-RTOA, 
	...
}



[image: ]
We observe that a gNB may only report a single AoA, RSRP and timing measurement to the LMF. 
However, in several scenarios, such a report may appear to be limited, and further enhancements should be considered to improve performance. For this reason,  in the previous meeting, the following agreement was made:
	Agreement:
· 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 the above agreement, NR Rel-17 shall support the network to send back multiple AoAs for a single timing measurement. Even though this is an enhancement over NR Rel-16, we believe that the agreement should be extended to include a gNB to be able to report multiple (RTOA/gNB Rx-Tx, AoA, RSRP) tuples. 
To explore how such a reporting could be useful, we employ a Machine-Learning-type RTT+AoA framework which exploits such Angle/delay/Power information. We model the RTT-AoA distribution and train the neural network to extract features of the 2D channel to derive likelihood for  performing likelihood fusion across measurements from different cells. For example, in the figure shown below, we plot a Power/Delay/Angle Heatmap of one of the channels. From such a heatmap it is clear that there is a lot of information that can be extracted, and reporting to the location entity multiple AoA and timing measurements would be helpful in advanced fusing algorithms.  
[image: ]   
Using the procedure described above, for the scenario of UMI 4 GHz case (with absolute time of arrival modelled), significant gains are expected when a TRP can report multiple AoAs and, for each AOA, multiple Timing measurements and their corresponding relative powers, to the LMF. Specifically, at the 90% percentile of error, NR Rel-16 reporting (single delay & single Angle) results into more the 12 meters, whereas reporting single delay with multiple Angles results into a 8.9m of error. Enabling the reporting of multiple delays and multiple angles (e.g., 8 delays with up to 8 angles per delay), it reduces the 8.9m down to 7.3m (1.6m of gain) at the 90%, and at the 80% percentile, the 4.7m is reduced down to around 4 meters.
[image: ]
In summary, a gNB should be able to report freely multiple pairs of (AoA, RTOA/Rx-Tx, relative RSRP) to enable the best potential performance when advanced positioning algorithms are used at the LMF. 
Proposal 2: Support a gNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· FFS: Max number of  (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 
4 UL-AoA measurement Report Enhancement for ULA
The following agreement was made previous meeting with regards to UL-AoA report enhancement for ULA:
	Agreement:
· 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



We consider this enhancement as a small CR that could have been addressed in NR rel-16 also. Option 2 addresses the problem, and just requires to change to “Optional” the AoA parameter in the gNB’s measurement report in the NRPPa specification. The alignment of the z-axis of LCS with the axis of the linear array is a very natural choice of LCS in this scenario, as the only measurable angle of arrival is the angle with respect to this axis. Thus, we don’t see any loss of functionality from imposing this alignment, which then allows the simple and elegant solution with minimum change to specification.

Proposal 3: With regards to the UL-AoA measurement report enhancement for ULA, support 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.
5 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: The reference angle for the expected AoA/ZoA should be configurable to an LCS or GCS similar to the reference angle for reporting of UL-AoA from the gNB to the LMF. The LMF can include the expected AoA/ZoA information as part of the Measurement Request Message in NRPPa. 
Proposal 2: Support agNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· FFS: Max number of  (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 

Proposal 3: With regards to the UL-AoA measurement report enhancement for ULA, support 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.
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9.2. 3 7   Measurement Result   This inform ation element contains the measurement result.  

IE / Group Name  Presence  Range  IE Type and Reference  Semantics D escri pt ion  

Measured Result   Item   1   ..  < maxno P os Meas >    

>CHOICE  Measured  Results Value  M     

>>UL Angle of Arrival  M   9.2. 3 8   

>>UL SR S - RSRP  M   IN TEGER (0..127)   

>>UL RTOA  M   9.2. 3 9   

>>gNB Rx - T x   Time  Difference  M   9.2. 4 0   

>Time Stamp  M   9. 2 . 4 2   

>Measu remen t  Quality  O   9.2. 4 3   

>Measurement Beam  Information  O   9.2. 5 7   

   

Range bound  Explanation  

maxno Pos Meas  Maximum no. of measured qua ntities tha t can be configured and  reported with one  position i ng measurement  message. Value is  16384 .  
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