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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. 



In this contribution, we focus on the enhancements of DL-AoD positioning to improve the accuracy.

DL-AoD positioning in Rel-16
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In Rel-16, for DL-AoD positioning, UE measures the DL PRS transmitted from different TRPs according to the configuration provided by LMF and reports DL PRS RSRP as measurement results to LMF. In addition, gNB would provide the beam information (azimuth angle and elevation angle) related to each DL PRS to LMF. Based on the reported RSRP measurements from UE and corresponding DL PRS beam information from TRPs, the DL-AoDs between UE and the TRPs could be determined.

The detailed IE for supporting DL-AoD measurements are given below [2]:

-- ASN1START

NR-DL-AoD-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-DL-AoD-MeasList-r16			NR-DL-AoD-MeasList-r16,
	...
}

NR-DL-AoD-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-DL-AoD-MeasElement-r16

NR-DL-AoD-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16						OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15								OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15						OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16				OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 			OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126),
	nr-DL-PRS-RxBeamIndex-r16		INTEGER (1..8)							OPTIONAL, -- Cond SameRx
	
nr-DL-AoD-AdditionalMeasurements-r16
									NR-DL-AoD-AdditionalMeasurements-r16	OPTIONAL,
	...
}

NR-DL-AoD-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..7)) OF
													NR-DL-AoD-AdditionalMeasurementElement-r16
NR-DL-AoD-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16				OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 			OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-DL-PRS-RSRP-ResultDiff-r16	INTEGER (0..30),
	nr-DL-PRS-RxBeamIndex-r16		INTEGER (1..8)							OPTIONAL, -- Cond SameRx
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	SameRx
	The field is mandatory present if at least two DL-PRS RSRP measurements from the same DL-PRS Resource Set have been made with the same RX beam by the target device; otherwise it is not present.



Above IE show that for each TRP, up to 8 DL PRS RSRP measurements on different DL PRS resources are reported. The RX beam index has to be reported when there are at least 2 DL PRS-RSRP measurements have been received with such RX beam. From the LMF’s perspective, the RSRP measurements with the same RX beam are grouped for determining an AoD.  

[bookmark: _Ref47295921]Potential enhancements for DL-AoD positioning
In this section, we discuss some potential enhancements for DL-AoD from the measurement perspective and from the procedure perspective, respectively.

Measurement enhancement of DL-AoD
The DL-AoD positioning accuracy depends on the estimation accuracy of AoD. As discussed above, for DL-AoD, the RSRP is used to derive the AoD. In [3], the definition of RSRP is given as 

	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



The RSRP is a linear average of the powers of the PRS REs, which combines the power of all the paths. In the case of NLOS scenarios, or the case of multipath scenarios, if the strongest path is not aligned with the first path, the measured RSRP value does not reflect the AoD accurately, which may impact the positioning accuracy of DL DOA positioning.

In the current spec, there is no information about the LOS/NLOS property of the measurements reported by UE. For many scenarios, the NLOS probability can be higher (e.g. about 60% for InF-DH). Without additional information, it is difficult for LMF to distinguish the RSRP measurements corresponding to the LOS path or NLOS path. Therefore, the accuracy of the AoD estimation could not be guaranteed. If UE could associate each reported RSRP measurement with a LOS/NLOS identifier, the impact of NLOS on the AoD estimation can be significantly mitigated by selecting those LOS-based RSRP measurements for AOA estimation. Thereafter, the position accuracy would be improved. In our opinion, UE should be able of discriminating the LOS/NLOS path through the channel estimation when it measures the RSRP. For example, the power ratio of the first path to the other paths approximates the Rice factor, which can be used to identify LOS or NLOS. Therefore, we propose to associate the RSRP measurements with a LOS/NLOS identifier.
[bookmark: P1]Proposal 1: RSRP measurements can be associated with a LOS/NLOS identifier for supporting DL AOD positioning.

At LMF side, one optimum implementation is that RSRPs measured with the same RX beam will be grouped to calculate the UE location. For a UE with multiple RX beams, the RSRP can be measured using different RX beams. Multiple DL-AoD values, each corresponds to an RX beam, could be obtained by the UE for a single TRP. If all these RSRP measurements are reported to the LMF, LMF would calculate multiple candidate UE locations, which provides the opportunity of correcting the estimation error of the UE location. In other words, for each DL PRS resource, multiple RSRP measurements associate with different RX beams should be reported. As mentioned above, in Rel-16, the number of reported RSRP measurements per TRP is limited to 8. And the number of RX beams is allowed to be 8. It implies that for UE with 8 RX beams, only one PRS resource could be reported for each TRP, if UE reports RSRPs corresponding to all the RX beams. For enhancement, we may increase the number of RSRP measurements allowed for each TRP.  
[bookmark: P2]Proposal 2: The maximum number of RSRP measurements per TRP for DL-AoD positioning should be increased for reporting the RSRP measured from different RX beams.

Procedure enhancement of DL-AoD
An antenna array is nominally assumed to be composed of uniformly spaced identical elements and each RF channel is assumed to perform identically.  However, in practical engineering application, antenna array and RF channels have the following non-ideal factors:
· Radiation pattern error of antenna elements
· Position error of antenna elements
· Mutual coupling of antenna elements 
· Amplitude and phase error of RF TX channels
All of these factors will lead to the deviation of TRP transmitting beam direction from the ideal beam direction. Thus, it is necessary to calibrate the antenna array and RF channels to improve the accuracy of the beam direction. Calibration methods include internal calibration and external calibration.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Internal calibration method: Usually, the coupling point of the calibration signal with this method is located at the Tx antenna connector, i.e., the calibration equipment receives the calibration signal from the TRP at the Tx antenna connector. In this case, the method can only calibrate RF Tx channels, but not the Tx antenna array. If the calibration equipment receives the calibration signal transmitted by an antenna element to be tested, then both the antenna element and the corresponding RF channel can be calibrated. However, neither of them can calibrate mutual coupling of antenna elements, which has more obvious effect on FR2 beam;
· External 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 may be able to calibrate the mutual coupling of antenna elements, but still can't track the changes of non-ideal factors of the antenna array and RF chains with the environment, temperature and time.
In order to enhance DL-DOA estimation accuracy, here we propose a method that uses a reference UE with known locations to assist calibration. 
· 
For initial calibration, the reference UE is placed at the test points with known locations, which measures and reports the beam power at these corresponding location (a testing scenario is shown in Fig.1, where N test points are uniformly placed along the arc with the center at the antenna array).. The reference UE reports the measurement of the beam power and location coordinates at the test points to LMF. By comparing the transmitting beam characteristics given by the TRP, and the information from the reference UE, the direction of TRP beam can be calibrated.
· After initial calibration, the transmitting beam direction may be drifted due to the changes of the environment, temperature, etc. For dynamic calibration of the antenna array, a single test point can be used to track the drift of the transmitting beam direction.
The calibration can be carried out after TRP installation. In this case, this calibration method can also eliminate the mechanical installation error of TRP antenna array.




Fig.1 Test points for Initial calibration

Based on the above analysis, we have the following proposals:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: P3]Proposal 3: In order to improve DL-AOD estimation accuracy, the measurements provided by a reference UE with known locations should be supported to assist the calibration of the TRP transmitting beam direction.
· The measurements and location coordinates of the reference UE are reported to LMF
· The transmitting beam characteristics of TRP should be reported to LMF

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss NR positioning enhancements, and give the following proposals:
Proposal 1: RSRP measurements can be associated with a LOS/NLOS identifier for supporting DL AOD positioning.
Proposal 2: The maximum number of RSRP measurements per TRP for DL-AoD positioning should be increased for reporting the RSRP measured from different RX beams.
Proposal 3: In order to improve DL-AOD estimation accuracy, the measurements provided by a reference UE with known locations should be supported to assist the calibration of the TRP transmitting beam direction.
· The measurements and location coordinates of the reference UE are reported to LMF
· The transmitting beam characteristics of TRP should be reported to LMF


References
[1] RP-202900, “New WID on NR Positioning Enhancements”, CATT, Intel Corporation, Ericsson.
[2] 3GPP TS 37.355
[3] 3GPP TS 38.215
[bookmark: _GoBack]
5 / 5

oleObject1.bin

image2.emf
1

p

2

p

N

p

attenna array

(TX)

transmitting beam

3

p


oleObject2.bin
￼�

attenna array
(TX)


transmitting beam



image1.wmf
{

}

12

,,...,

N

ppp


