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Introduction
[bookmark: _Hlk510705081]As part of the recently approved WID [1], RAN1 has the following objectives related to measurements for NR positioning:
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
This contribution presents Nokia’s view on measurements for NR positioning. For Nokia’s view on the downlink reference signal design for NR positioning see [2]. In addition, see our companion contributions [3] and [4] for our views on UL reference signal design and physical layer procedures for NR positioning respectively. 
Discussion
Quality metrics 
	Agreement:​
· Support reporting separate metric(s) corresponding to quality of each of the following measurements:
· RSTD​
· UE Rx-Tx time difference​
· UL-RTOA​
· gNB Rx-Tx time difference​
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
· FFS: The details of these quality metrics


At RAN1#97 the following agreement was reached:







1.1.1 Timing measurements
Quality metrics were defined in LTE for some positioning measurements [5]. In particular for RSTD the quality metric had three fields: error-Resolution, error-Value, and error-NumSamples. These fields can be used as a baseline for the discussions for the NR Quality Metrics. The ‘error-Resolution’ field was used to vary the granulatiry of the reported estimated error value. The ‘error-Value’ field was used to give an estimate of the uncertainty of the RSTD measurement. The ‘error-NumSamples’ field was used to indicate the sample size used to generate the uncertainty to the location server. It is possible that additional fields could be added for the NR quality metric for RSTD and other timing measurements.
There are some key differences for the quality metrics that should be introduced for NR compared with LTE. 
Observation 1: The reporting resolution of quality metrics needs to fit the higher accuracy use cases of NR. 
In multi-cell RTT if the resolution of UE Rx-Tx time difference is much higher than that of RSTD then the metrics will not be very useful for positioning calculations. The quality metrics are reflective only of the reporting capability and have no bearing on the requirements for specific measurement accuracy. 
Proposal 1: The reporting resolution of quality metrics for UE Rx-Tx time difference, gNB Rx-Tx time difference, RTOA, and RSTD should be of the same granularities.  
Proposal 2: As a starting point the fields error-Resolution, error-Value, and error-NumSamples from LTE can be reused for NR with appropriate changes to the reporting granularities. 
1.1.2 Angular measurements
New quality metrics are required for UL angle of arrival measurements. A measurement comprises two angles, the azimuth of arrival (AoA) and the zenith of arrival (ZoA). In general, the errors of the two angle measurements are correlated. They are only uncorrelated in special cases where the axes of the error distribution depending on the antenna geometry are aligned with the coordinate curves.
Observation 2: In the general case the measurement errors of azimuth of arrival (AoA) and zenith of arrival (ZoA) are correlated.
The measurement errors can be characterized by a two-dimensional probability density function (PDF). In the following we describe two different options.
The most frequently used PDF is that of the Gaussian distribution. For a vector  the elements of which are the two measured angles it can be written as 

 is the mean value and  is the 2x2 covariance matrix. Assuming that the mean of the Gaussian error is zero, it is fully characterized by the covariance matrix alone. Due to its symmetry, the covariance matrix can be described by 3 real valued parameters.
Observation 3: Using a Gaussian PDF for characterizing zero-mean angle measurement errors for azimuth and zenith angles requires reporting of three (quantized) real values.
The natural way of defining a PDF for measurements of two angles, which correspond to points on the surface of the 3-dimensional unit sphere, is the Kent distribution. It is defined by its PDF

 describes the concentration or spread and  the ellipticity. Both of them are real-valued. The vector  is the mean direction, i.e., the three dimensional unit vector pointing to the point on the surface of the sphere that corresponds to the two angles, and vectors  and  are the major and minor axis respectively. The vectors , ,  are three-dimensional real-valued vectors and form together an orthonormal real-valued 3x3 matrix . Because the matrix is orthonormal, it can be fully described by 3 real-valued parameters. Note that the vector  is here also a three-dimensional unit vector, which defines a point on the surface of the sphere corresponding to the two angles in the spherical coordinate system. Assuming that the measurement values of the two angles have already been reported and the mean of the measurement error is zero, there is no need to report  again.  contains just two independent coordinates because it is normalized to unit length. The remaining parameters to be reported for characterizing the measurement errors are , ,  and . Since the normalized vectors  and  are mutually orthogonal and orthogonal to , they are fully characterized by a single real valued parameter. Together with  and  we have to report 3 real-valued parameters, which can of course be quantized.
Observation 4: Using a Kent PDF for characterizing zero-mean angle measurement errors for azimuth and zenith angles requires reporting of three (quantized) real values. This is the same amount of reporting information as for the covariance matrix of a Gaussian PDF.
[bookmark: _GoBack]An advantage of the Kent distribution is that it is less impacted by the nonlinearities of the spherical coordinate system than the Gaussian covariance matrix.
Proposal 3: Study different options like a Gaussian PDF or a Kent PDF for defining a quality metric for two-dimensional angle measurements and define the quality metric to be used for reporting.
UE/gNB Reporting
At RAN1#98 the following agreements were made:
	Agreement:
· UL RTOA is defined with the respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the UL RTOA measurements can be requested for reporting in the measurement report.
Agreement:
· gNB Rx-Tx time difference is defined with respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.



Next we discuss the FFS from the above agreement. The Rx beams used by the gNB can carry additional information about the direction of the UE. Additionally it may be useful for the LMF to know which SRS resources were used by the gNB to make either RTOA or gNB Rx-Tx time difference. As one example the LMF may need to know which SRS resource was used to measure the gNB Rx-Tx time difference so it can properly calculate the RTT between a UE and gNB. 

Proposal 4: For both UL RTOA and gNB Rx-Tx time difference measurements support LMF requesting reporting of the resource ID(s) or resource set ID(s) used for determining the timing of the UE and the Rx beam used by the gNB for the measurement.   
Multiple Path Reporting
It is well known that when making timing measurements that multipath is a major issue. Finding the correct path for RSTD estimation is critical to improved positioning accuracy. During the SI phase many companies assumed that UEs make use of thresholding in order to find the first peak above a given value to help detect the correct peak. Thresholding is useful but the details of how the UE determines the peaks for RSTD measurements are not expected to be specified. In addition, thresholding does not remove all errors associated with finding the correct peak. Reporting of multiple peaks can allow further processing by the location server to attempt to correct errors. 
Observation 5: It is beneficial to optionally have multiple RSTD peaks reported to the location server when possible.  
In LTE the RSTD measurement procedure supported the UE reporting AdditionalPaths if requested and detected [5]. Specifically the AdditionalPath reporting allowed the UE to report a relative path timing for additional paths that it detects as well as the quality of that detected timing. From TS 36.355 those two fields were defined as follows: 
	AdditionalPath field descriptions

	relativeTimeDifference
This field specifies the additional detected path timing relative to the detected path timing used for the rstd value in units of 0.5 Ts, with Ts=1/(15000*2048) seconds. A positive value indicates that the particular path is later in time than the detected path used for RSTD; a negative value indicates that the particular path is earlier in time than the detected path used for RSTD.

	path-Quality
This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.



Proposal 5: Additional path reporting should be supported in NR for at least the RSTD and RTOA measurements. The AdditionalPath fields of relativeTimeDifference and path-Quality from LTE can be used as a starting point in NR. 
Proposal 6: RAN1 to discuss additional path reporting for UE Rx-Tx time difference and gNB Rx-Tx time difference. 
At RAN1#98 it was agreed that 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.
In addition to reporting the additional path information proposed above it is also useful for the UE or gNB to report the resource ID(s) or resource set ID(s) used for determing the additional path timing. 
Proposal 7: Support reporting of the resource ID(s) or resource set ID(s) in the AdditionalPath field of at least the RSTD and RTOA measurement reports. 
DL-AoD Information
DL-AoD is one of the agreed positioning methods to be supported in NR Rel-16. The common understanding among companies has been that at least the PRS-RSRP measurement, which has previously been agreed, will be used for DL-AoD. One issue that has not received much attention to this point is how the PRS-RSRP measurement will be converted to an angular value. In [6] the two options of AoD mapping at NG-RAN and at LMF are laid out. In Nokia’s RAN2 paper [7] we further discuss 4 alternatives for AoD mapping at gNB or at LMF. While the final decision on some signaling aspects is a RAN2 decision in our view it would be useful for RAN1 to determine the needed paramters for the various cases.  
In the case where AoD maping is done at the gNB the PRS-RSRP measurement(s) need to be signaled to the gNB and the gNB needs to signal the AoD values (i.e., azimuth and elevation) back to the LMF. 
Observation 6: Measurement report of PRS-RSRP need to be available at gNB in case of AoD mapping done by gNB. 
In the case where AoD maping is done at the LMF then AoD information needs to be signaled from the gNB to the LMF. In our view at least the following parameters would be needed by the LMF:
· Azimuth angle of the DL PRS resources (beams)
· Elevation angle of the DL PRS resources (beams)
· DL PRS resource IDs

Proposal 8: If AoD mapping is performed at the LMF then at least the following parameters are defined and needed for the mapping, azimuth angle of the DL PRS resources, elevation angle of the DL PRS resources, DL PRS resource IDs.
Conclusion
In this contribution we make the following observations:
Observation 1: The reporting resolution of quality metrics needs to fit the higher accuracy use cases of NR. 
Observation 2: In the general case the measurement errors of azimuth of arrival (AoA) and zenith of arrival (ZoA) are correlated.
Observation 3: Using a Gaussian PDF for characterizing zero-mean angle measurement errors for azimuth and zenith angles requires reporting of three (quantized) real values.
Observation 4: Using a Kent PDF for characterizing zero-mean angle measurement errors for azimuth and zenith angles requires reporting of three (quantized) real values. This is the same amount of reporting information as for the covariance matrix of a Gaussian PDF.
Observation 5: It is beneficial to optionally have multiple RSTD peaks reported to the location server when possible.  
Observation 6: Measurement report of PRS-RSRP need to be available at gNB in case of AoD mapping done by gNB. 
In this contribution we make the following proposals:
Proposal 1: The reporting resolution of quality metrics for UE Rx-Tx time difference, gNB Rx-Tx time difference, RTOA, and RSTD should be of the same granularities.  
Proposal 2: As a starting point the fields error-Resolution, error-Value, and error-NumSamples from LTE can be reused for NR with appropriate changes to the reporting granularities. 
Proposal 3: Study different options like a Gaussian PDF or a Kent PDF for defining a quality metric for two-dimensional angle measurements and define the quality metric to be used for reporting.
Proposal 4: For both UL RTOA and gNB Rx-Tx time difference measurements support LMF requesting reporting of the resource ID(s) or resource set ID(s) used for determining the timing of the UE and the Rx beam used by the gNB for the measurement.   

Proposal 5: Additional path reporting should be supported in NR for at least the RSTD and RTOA measurements. The AdditionalPath fields of relativeTimeDifference and path-Quality from LTE can be used as a starting point in NR. 
Proposal 6: RAN1 to discuss additional path reporting for UE Rx-Tx time difference and gNB Rx-Tx time difference. 
Proposal 7: Support reporting of the resource ID(s) or resource set ID(s) in the AdditionalPath field of at least the RSTD and RTOA measurement reports. 
Proposal 8: If AoD mapping is performed at the LMF then at least the following parameters are defined and needed for the mapping, azimuth angle of the DL PRS resources, elevation angle of the DL PRS resources, DL PRS resource IDs.
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