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Introduction
Regarding issues on the UE and gNB measurements for NR positioning, the following agreements were made in 3GPP RAN1 #98 meeting [1].
	
Agreement:
· RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· 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.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Agreement:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Agreement:
For FR1, 
· The reference point for Rx time in the definition of the UE Rx-Tx time difference is the Rx antenna connector of the UE. 
· The reference point for Tx time in the definition of the UE Rx-Tx time difference is the Tx antenna connector of the UE

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:
For FR1, the reference point for UL RTOA is the Rx antenna connector of gNB

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.

Agreement:
For FR1, 
· The reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB
· The reference point for the Tx time of the gNB Rx-Tx time difference is the Tx antenna connector of the gNB

Agreement:
UL SRS-RSRP for NR positioning is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry the UL SRS resource configured for RSRP measurements within the considered measurement frequency bandwidth in the configured measurement occasions

Agreement:
· For FR1, the reference point for the UL SRS-RSRP is the Rx antenna connector of the gNB. 
· For FR2, UL SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· When receiver diversity is in use by the gNB to obtain the UL SRS-RSRP measurement, the reported UL SRS-RSRP value shall not be lower than the corresponding UL SRS -RSRP of any of the individual receiver branches

Agreement:
· AoA () and ZoA () define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.

· The reference directions can be defined according to either one of the following options (both options are supported in specifications) 
· Option 1:
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:   pointing to the zenith and  pointing to the horizon.

· Option 2:
· For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined in TR 38.901. The translation of the GCS to LCS uses the set of angles  (bearing angle),  (downtilt angle),   (slant angle) which are reported


Based on the previous agreement, we reveal our views on the UE and gNB measurements to support NR positioning.

Discussion 
Measurement Quality
In 3GPP RAN1 #97 meeting [2], it was agreed to support measurement quality reporting.
	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


Measurement quality information could be used for more accurate estimation of the UE’s location by applying different weight factor with respect to each measurement based on the absolute quality information. It is obvious that the more accurate and detailed measurement quality information are provided, the more accurate UE’s location could be measured. In consideration of use cases and signalling overhead, however, it is necessary to support measurement quality reporting at the various levels of signalling overhead. We could consider two different types of the measurement quality such as absolute quality and relative quality. 
1) Absolute measurement quality:
Similar to LTE OTDOA, the uncertainty of the UE measurement such as distance error value could be reported as a measurement quality information. In addition, a confidence level for the uncertainty (error-value in measurement quality) reporting could be considered in NR. For example, one of the reliability level of 80 %, 85 %, 90 %, and 95 % could be indicated to the UE. If the UE is not able to get enough number of measurements to guarantee the indicated reliability level, then the UE needs to report the number of measurement samples used for evaluating the measurement quality similar to LTE.
In consideration of signalling overhead, measurement quality could be defined as several grades where the grade can be defined depending on the range of error value, or a criterion for dividing the grade of measurement quality may be indicated to the UE. Also, the number of grades would be different. As a minimum signalling overhead for the measurement quality reporting for each UE measurement, 1 bit signalling can be considered. For example, the network can indicate the maximum tolerance level or threshold of the expected measurement error as a certain distance value. Then the UE can report ‘1’ or ‘0’ as the measurement quality information. If the measurement error does not exceed the threshold, then the UE reports ‘1’. These information could be used at the location server to exclude the low quality measurement when calculating the location of the UE in order to avoid performance degradation.
2) Relative measurement quality
In addition, a relative measurement quality could be considered. Even though the location server does not know the absolute measurement quality, the relative measurement quality would be helpful for determining weighting factor of each measurement. For example, the ranking of the measurement quality could be reported together with the measurement value. 

Absolute measurement quality:
Proposal 1:
· For the absolute measurement quality reporting, NR positioning support a reporting of the uncertainty (error value in measurement quality) for the UE measurement, and also support a confidence level configuration on the uncertainty value.
· E.g., confidence level would be one of 80 %, 85 %, 90 %, 95 %

Proposal 2:
· In consideration of signalling overhead, NR positioning also needs to support the measurement quality reporting as a grade information,
· E.g., A, B, C, and D. (where A > B > C > D)

Relative measurement quality:
Proposal 3:
· NR positioning needs to support the relative measurement quality reporting such as ranking information on the measurement quality.

Measurement and reporting for AoD based positioning
We need to discuss AoD (Angle of Departure) based positioning where support of AoD based positionng was agreed in RAN1 AH-1901 meeting [3], which is captured as below:
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques


To support DL-AoD based positioning technique through TX beam sweeping, it would be essential to support PRS beam information reporting based on the minimum propagation time with respect to multiple PRS resources, since the maximum RSRP based beam selection leads to wrong estimation of the direction of the UE.
 Let us consider a simple example with consideration of Figure 1. The target UE can detect a LoS (Line of Sight) signal path for a PRS transmitted by TX beam #2 even if there is a substantial penetration loss according to the building. On the other hand, the UE can measure the maximum RSRP about the PRS transmitted by TX beam #1 due to low penetration loss even if the signals are reflected. This might be feasible and reasonable according to the fading environment. In this case, it could be quite different between the angles denoted by  and  respectively for TX beam #1 and TX beam #2. This simple example implies that RSRP based reporting of PRS resource is not appropriate for AoD based positioning. At least for AoD based positioning, therefore, the minimum ToA based reporting of PRS resource index should be supported. This discussion on AoD-based positioning is also discussed in our companion contribution [4]

Proposal 4:
· At least for AoD-based positioning, NR positioning should support reporting of a PRS resource index showing the minimum propagation time among multiple PRS resource(s).
· If more than two PRS resources show the same minimum propagation time, signal strength can be considered to report a single PRS resource among those selected PRS resources.
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[bookmark: _Ref16797744]Figure 1. An illustrative example of PRS transmission and reception


Conclusion
In this contribution, we reveal our views on UE and gNB measurements for NR positioning, and summarize our proposals as follows:

[bookmark: _GoBack]Proposal 1:
· For the absolute measurement quality reporting, NR positioning support a reporting of the uncertainty (error value in measurement quality) for the UE measurement, and also support a confidence level configuration on the uncertainty value.
· E.g., confidence level would be one of 80 %, 85 %, 90 %, 95 %

Proposal 2:
· In consideration of signalling overhead, NR positioning also needs to support the measurement quality reporting as a grade information,
· E.g., A, B, C, and D. (where A > B > C > D)

Proposal 3:
· NR positioning needs to support the relative measurement quality reporting such as ranking information on the measurement quality.

Proposal 4:
· At least for AoD-based positioning, NR positioning should support reporting of a PRS resource index showing the minimum propagation time among multiple PRS resource(s).
· If more than two PRS resources show the same minimum propagation time, signal strength can be considered to report a single PRS resource among those selected PRS resources.
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