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Introduction
In RAN#90-e[1], the approved WI for Rel-17 positioning enhancement includes enhancement for UL-AoA positioning method for better angle-based positioning estimation. In RAN 1#104-e, initial discussion resumed with potential ways to enhance the UL-AoA positioning. As an outcome, following agreements had drawn in the meeting,

Agreement:
NR supports at least the following additional assistance signalling 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 

This contribution provides the further deliberation and detailing on initial agreements and further enhancements for UL-AoA positioning method in Rel 17.


Assistance information for UL-AoA positioning accuracy improvement
Rel 16 specification support uplink-based angle of arrival measurement for positioning estimation. UL-AoA utilizes the UL SRS signal which will be detected in different antennas which are places in horizontal and vertical array to estimate the azimuth and zenith AoA. UL-AoA estimate the phase difference of arrived signal over multiple antenna array to ZoA and AoA by sweeping the angles around different direction in digital, analog or hybrid beam forming.  The receive beam sweeping at gNBs incur a considerable burden in terms of measurement overhead and increases the power consumption and latency. This is due to the fact the number of beam sweep required to cover compete cell area with required resolution of angle is very large. But if gNB/TRP is indicated with possible location of UE in terms of angle range will reduce the computation burden as well as latency to greater extent. Configuring the gNB with angle measurement windows () and (), where  and  denotes the expected AoA and expected AoA uncertainty for azimuth and zenith angles respectively, reduce this overhead. The LMF can provide this information to gNB as assistance information over the NRPPa. LMF should provide this window in both azimuth and elevation direction. In Rel 16 NRPPa specifies search window for RTOA measurements. Similar procedure can be adopted in this case.    

Proposal 2.1: LMF should provide the gNB with angle measurement windows, both in azimuth and elevation directions, to gNB as an assistance information for UL-AoA.

Reporting of UL-AoA value form gNB/TRP to LMF
In rel-16 standards [2], the gNB estimates the UL-AoA and reports it to LMF along with UL-SRS-RSRP. In non-line of sight (NLOS) scenarios, these measurements will not be enough to meet the accuracy requirements. The UL-SRS-RSRP contains the power contributions from multiple paths, which degrades the positioning accuracy. Moreover, the time of arrival (TOA) along with AoA is helpful in NLOS identification and multipath based positioning. Therefore, standards should support reporting of AoA, time of arrival (TOA), and power (RSRP) corresponding to multiple paths to LMF. 

Proposal 3.1: The standards should support reporting of AoA for multiple paths, and its corresponding TOA and RSRP value to LMF.
Signaling enhancement of UL-AOA measurement report in case of a linear array antenna
[image: ]For ULA, the positioning estimation is suffered from the vertical bias due to the different heights of gNB and UE. For UL-AoA measurements, gNB/TRP will measure the configured SRS resource and calculate the azimuth AoA angle which will include bias. But LMF will measure the positioning with hypothesis of have gNB/TRP and UE in same horizontal plan unless a proper bias with zenith direction is provided to LMF. In Rel 16 spec [2, TS 38.455], reporting of azimuth AoA is mandatory while zenith AoA is option therefore there is no guaranteed reporting of the mentioned bias in present specification. Intensive discussion happened in last meeting on this topic and two options are agreed out of which one is expected to be down selected. 

Figure 4.1:  AoA estimation for ULA and zenith direction ambiguity in AoA estimation

Consider an example of ULA in horizontal plan as shown in figure 4.1. It can be seen from figure that if gNB/ TRP are not in same plan then there will be additional bias of gamma. This need to be reported to LMF. This can be reported with respective to the zenith direction in LCS of ULA plan assumed at the gNB/TRP and the bias gamma can be reported w.r.t to zenith direction in LCS. Further LMF can use the LCS-to-GCS transformation indicated to convert the reported AoA in actual AoA to determine the final position. With this understanding, option 2 from last meeting agreement is sufficient to rectify the ambiguity about AoA in ULA case.
 
Observation 4.1: In ULA, zenith axis bias in the AoA measurement is necessary to report. Bias gamma can be reported w.r.t to reference direction as zenith axis of ULA in LCS.

Proposal 4.1: In case of ULA, ZoA should be reported considering the zenith axis in LCS of ULA as reference direction.
  

Calibration of gNB/TRP angle error using reference node (gNBs/TRPs/UEs)
The angle estimation accuracy for practical systems is limited by the non-idealities in the hardware, such as measurement error in down tilt, inaccuracies in the measurements of antenna spacing, etc. Some of these impairments can be time-varying due to variation in the physical conditions and should be corrected. The poor AoA estimation accuracy degrades the positioning accuracy. These impairments can be calibrated using an external reference node with a known location. More detail about the method is provided in our companion paper []. The standards should support reporting of measurements from the reference node. The measurements from the reference nodes can be used to calculate the drift in AoA measurements and then use it to correct AoA estimates.

Proposal 5.1: The standards should support reporting of UL-AoA measurements from the reference node for AoA error calibration.


Conclusion
Observation 4.1: In ULA, zenith axis bias in the AoA measurement is necessary to report. Bias gamma can be reported w.r.t to reference direction as zenith axis of ULA in LCS.

Proposal 2.1: LMF should provide angle measurement windows, both in azimuth and elevation directions, to gNB as an assistance information.

Proposal 3.1: The standards should support reporting of AoA, time of arrival (TOA) and power corresponding to multiple paths to LMF.

Proposal 4.1: In case of ULA, ZoA should be reported considering the zenith axis in LCS of ULA as reference direction.

Proposal 5.1: The standards should support reporting of UL-AoA measurements from the reference node for AoA error calibration.
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