
3GPP TSG RAN WG1 Meeting #104-e			                             R1-2100386
e-Meeting, January 25th – February 5th, 2021

Source:	CATT
Title:	Discussion on accuracy improvements for UL-AoA positioning solutions
Agenda item:	8.5.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
At RAN#90-E meeting, the work item on NR Positioning Enhancements was approved [1]. The WID includes the following RAN1 centric objectives at the current stage:
	The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency.The specific objectives of this work are:
[bookmark: _Hlk57059510]RAN1 centric objectives:

· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including[RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.

Notes: 
· Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
· [bookmark: _Hlk57059470]The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping. 



As stated above, the Rel-17 ePos WI will specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiencyat least from the three aspects as follows,
· Mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays for DL, UL, and DL+UL positioning methods with UE-based and UE-assisted positioning solutions.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Improving the accuracy of UL AoA for network-based positioning solutions.
· Improving the accuracy of DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
This contribution discusses improving the accuracy of UL AoA for network-based positioning solutions.

[bookmark: _Ref60564634]Impact of TRP non-ideal factors

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]UL AOA is normally estimated based on the implementation of antenna arraysat TRPs. An example of using a uniform linear array (ULA) for UL AOA is shown in Fig.1. The ULA consists of M antenna elements with a spacing of d. Assume the angles of arrivals are. The array response vector for an AOA  is expressed as follows:

                                                 （1）



Fig.1 Uniform linear array for AOA estimation


The steering matrix of the uniform linear array for is defined as:


    （2）

When a TRP receives the SRS for positioning transmitted from a UE, the signal arrives at the baseband through the antenna array and RF chains. TRP estimates AOAs based on the spatial signal obtained from all antenna elements of the Rx antenna array.
The Rx antenna array is nominally assumed to be composed of uniformly spaced identical elements and each RF channel is assumed to perform identically. If the characteristics of all antenna elements of the antenna array and RF chains are ideal, high-resolution algorithm can be used to obtain high-precision AOA estimation. However, in practical engineering application, the antenna array and RF channels have the following non-ideal factors:
· Pattern error of antenna elements: When modeling the steering vector of the array, it is usually assumed that eachelement of the array is an omnidirectional antenna with the same complex gain. Due to the error of antenna elements the radiation pattern of each antenna element is not identical.
· Position error of antenna elements: In an antenna array, all antenna elements may not be evenly spaced.
· Mutual coupling of array elements: The array steering matrix is modeled assuming that each array element works independently of other array elements. However, the steering matrix has not consider the mutual coupling effect between antenna elements, which is often inevitable in a practical antenna array, especially when the array is working at a high frequency.
· Amplitude and phase error of RF channels: Each RF channel may not perform identically, which is usually caused by the inconsistency of filter, amplifier and AGC in the RF RX channel.
All of these factors lead to a certain degree of disturbance of the array steering matrix shown in Eq. (2). The performance of AOA estimation with the use of high-resolution spatial spectrum estimation techniques based on Eq. (2) may be deteriorated seriously by these factors.

Observation 1:Non-ideal factors of theantenna array and RF channelsintroduce disturbance to the steering matrix used for the AOA estimation. The AOA estimation performance with the high-resolution spatial spectrum estimation techniques can be deteriorated seriously due to the disturbance.

[bookmark: _Ref47295921]Calibration methods
In practical engineering applications, TRPs need to calibrate antenna array and RF channels in order to enhance the positioning accuracy of UL-AoA. As shown in Fig.2, the calibration methods include internal calibration and external calibration.
· Internal calibration method: The calibration signal is generated by a calibration module. It can be directly sent to RF RX channels, or transmitted by the TX antenna near/inside antenna array, and received by the Rx antenna arrayand then enter RF RX channels.
· External calibration method: The external antenna transmits the calibration signal. The antenna array receives the calibration signal, and then sends it to BB through RF RX channels. The antenna array and each RF channel are calibrated.

Analysis of two calibration methods:
· [bookmark: OLE_LINK5]Internal calibration method: If the calibration signal is directly sent to the RF RX channels, only RF RX channels can be calibrated. If the calibration signal is received by an antenna element and then enters the RF RX channel, the RF RX channel and the antenna element can be calibrated together.The remaining issue is that neither of them can calibrate mutual coupling of antenna elements, which has more obvious effect on FR2.
· External calibration method: It belongs to offline calibration method. This method requires the use of external equipment for offline calibration, and it is usually carried out in an anechoic chamber.This method can't track the changesof non-ideal factors of antenna array and RF chains with environment, temperature and time.


Fig.2 Two calibration methods


[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 2: Analysis of the two calibration methods:
· Internal calibration method: If the calibration signal is directly sent to the RF RX channels, only RF RX channels can be calibrated. If the calibration signal is received by an antenna element and then enters the RF RX channel, the RF RX channel and the antenna element can be calibrated together. The remaining issue is that neither of them can calibrate mutual coupling of antenna elements, which has more obvious effect on FR2.
· External calibration method: It belongs to offline calibration method. This method requires the use of external equipment for offline calibration, and it is usually carried out in an anechoic chamber. This method can't track the changes of non-ideal factors of antenna array and RF chains with environment, temperature and time.

In order to enhance UL-AOA estimation accuracy, here we propose a method that uses a reference UE with known locationsto assist calibration. 
· 
For initial antenna array calibration, we construct a testing scenario as shown in Fig.3. N test pointsare uniformly deployed. A reference UE is placed at these test points in turn, and sends the uplink positioning reference signal.If the reference UE reports its location coordinates to LMF, combined with characteristics of TRP RX antenna array, LMF can calculate the actual AOA angle from each test point which can be used to calibrate AOA estimated by TRP.
· After initial calibration, AoA estimation may be drifted dueto the changes of the environment, temperature, etc.For dynamic calibration of antenna array,only one test point is needed to track the drift.

Because the calibration is carried out after TRP installation, this calibration method can also eliminate the mechanical installation error of TRP antenna array.



Fig.3 Test points for initial calibration

Based on the above analysis and observation, we have the following proposals:
[bookmark: P1]Proposal 1: In order to improve UL-AOA estimation accuracy, support using a reference UE at known locations to provide the measurements to assist the calibration of AoA estimation.
· The measurements and location coordinates of the reference UE are reported to LMF
· The characteristics of TRP RX antenna array should be reported to LMF

Measurement enhancement for UL-AoA
In the current spec, a single AoA is reported by each TRP for a UE [2]. In the case of NLOS scenarios, the reported AoA may not be the LOS AoA, but NLOS AoA, which would degrade the positioning accuracy. Without additional information, it is difficult for LMF to discriminate AoA measurements corresponding to the LOS path from AoA measurements corresponding to the NLOS path. If UE could associate each measurement with a LOS/NLOS identifier with the confidence level during reporting AOAmeasurements, LMF would decide how to use the AoA measurements reported from the TRPs to calculate the UE location. It is beneficial to improve the positioning accuracy. During positioning SI, several LOS identification methods have been proposed, which makes it feasible to determine the LOS/NLOS identifier. Another possible enhancement is to allow multi-path reporting for a TRP, which includes both RTOA measurements and AoA measurements. These measurements could be obtained from different SRS resources and for each SRS resource, multiple RTOAs and AoAs corresponding to multi-path are estimated. With these enriched time and angle measurements, it is possible for LMF to use advanced algorithms potentially to achieve a higher positioning accuracy.

[bookmark: P2]Proposal 2: Support gNB reporting AoA measurements associated with a LOS/NLOS identifier and a confidence level for AOA positioning.
[bookmark: P3]Proposal 3:  Support gNB reporting AoA measurements together with RTOA measurements associated to multi-paths to LMF for AOA positioning.

Search windows for NR time and angular measurements
For aiding UE/gNB to detect the DL/UL positioning reference signals, NR supports the LMF to provide the UE/gNB with the search window information. In general, the search windows for the reception of DL/UL signals are determined based on the signal propagation time from the transmitter to the receiver, which is estimated based on the known position of the TRPs and the approximate position of the UE, the uncertainty of the time offset between the transmitter and the receiver, and the uncertainty of the UE location.
The time-search window information is helpful for timing-related positioning measurements, but may not be useful for angular-related positioning measurements, since it does not provide the information related to the direction of incoming signals.  
[image: ]

[bookmark: _GoBack]Fig.4 The search windows for TDOA and AoA

There is another approach for aiding the UE/gNB to obtain both timing-related measurements and angular-related measurements. In this approach, the LMF will directly provide the UE/gNB with the approximate UE’s position as well as the uncertain of the UE’s position. Then, the UE/gNB can determine the search window for timing-related measurements but also the angular-related measurements by themselves. This approach has the following advantages:
· Reducing the search window for all positioning measurements, especially AOA measurement,i.e., not limited to timing-related measurements as existing approach;
· Helping the elimination of false angular measurements, under a multipath environment,the direction of multipath signals can be completely different from the LOS direction. Providing the UE’s approximate positions to UE/gNB, allow the receiver to avoid the false angular measurements due to multipath signals.

Proposal 4: LMF can provide the estimated UE position and the uncertainty associated with the estimated UE position to UE/gNB for aiding the UE/gNB in the reception of the DL/UL reference signals and providing reliable NR timing and angular (especially AoA)  measurements.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss NR positioning enhancements, and give the following proposals:
Proposal 1: In order to improve UL-AOA estimation accuracy, support using a reference UE at known locations to provide the measurements to assist the calibration of AoA estimation.
· The measurements and location coordinates of the reference UE are reported to LMF
· The characteristics of TRP RX antenna array should be reported to LMF
Proposal 2: Support gNB reporting AoA measurements associated with a LOS/NLOS identifier and a confidence level for AOA positioning.
Proposal 3:  Support gNB reporting AoA measurements together with RTOA measurements associated to multi-paths to LMF for AOA positioning.

Proposal 4: LMF can provide the estimated UE position and the uncertainty associated with the estimated UE position to UE/gNB for aiding the UE/gNB in the reception of the DL/UL reference signals and providing reliable NR timing and angular (especially AoA)  measurements.
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