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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#97 [1] and RAN1#98 [2].
Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.

Agreement:
· For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE
· For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up to RAN4 on how to define the reference point of the RSTD measurement. 
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE

Agreement:
DL PRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry a DL PRS resource configured for RSRP measurements within the considered measurement frequency bandwidth
· FFS: DL PRS-RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.

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

Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.

Agreement:
UE can be indicated to report the DL PRS Resource ID(s) or the DL PRS Resource set ID(s) associated with the DL PRS Resource ID(s) or the DL PRS Resource set(s), which are used in determining the UE measurements (DL RSTD, UE Tx-Rx time difference, DL PRS-RSRP) in UE measurement 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
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
Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.

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

Conclusion:
How to determine the UL RTOA measurement and gNB Rx-Tx time difference measurements that are reported when receiver diversity is used by the gNB is up to gNB implementation and is not specified by measurement definition.

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
In this contribution, we discuss the definition of UE and gNB measurements based on DL and UL reference signals applicable for NR positioning.
UE measurements
DL RSTD (reference signal time difference) measurements
RSTD has been defined in the last meeting. When UE detects a DL PRS resource(s)/ resource set different from the one indicated by the network and chooses to use such resource(s) / resource set as the reference, it should report the resource ID(s) and/or resource set ID. However, the decision criterion of the UE should be defined for such operation. For example, UE may choose a DL PRS resource with a strongest first detected path or the one with the strongest path. Such criterion should also be reported to the network to facilitate the positioning. Another issue is how resource ID(s) and/or resource set ID are reported. The following cases should be considered.
· Case 1: both resource ID and resource set ID are defined globally;
· Case 2: resource ID is defined locally but resource set ID is defined globally;
· Case 3: both resource ID and resource set ID are defined locally.
For case 1, UE can report resource ID or resource set ID only without any ambiguity. For case 2, reporting resource ID only is not enough because the same ID might be used in different resource set so that both resource ID and resource set ID should be reported. For case 3, even with both resource ID and resource set ID being reported, ambiguity may still happen and in such a case, the cell ID should be reported to resolve such ambiguity. 
Proposal 1:  The decision criterion of the UE should be defined and reported if UE chooses to use a DL PRS resource(s)/ resource set different from the one indicated by the network to facilitate the positioning.
Proposal 2:  The resource/resource set ID(s) to be reported by the UE should depend on how such IDs are defined and if both IDs are defined locally, cell ID should also be reported.
gNB measurement definition
UL RTOA (relative time of arrival) measurements for NR positioning
UL RTOA has been defined in the last meeting. One of the remaining issues is if 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. In our view, the resource ID(s) or resource set ID(s) used for determining the timing of the UE are needed in the measurement report but reporting Rx beam used at the gNB is not necessary. The Rx beam to be used at the gNB is chose by the gNB and is expected to be the optimized by the gNB in the sense that the measured RTOA should be the shortest one. However, this is only implementation issue and thus there is no need to report such Rx beam.
Proposal 3:  For UL RTOA (relative time of arrival) measurements, the resource ID(s) or resource set ID(s) used for determining the timing of the UE can be requested for reporting in the measurement report but the Rx beam used at the gNB is not needed.
gNB RX-TX time difference measurements for NR positioning
gNB Rx-Tx time difference UL RTOA has been defined in the last meeting. One of the remaining issues is if 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. Following the same logic as UL RTOA, the resource ID(s) or resource set ID(s) used for determining the timing of the UE can be requested for reporting in the measurement report but the Rx beam used at the gNB is not needed.
Proposal 4: For the gNB RX-TX time difference measurement, the resource ID(s) or resource set ID(s) used for determining the timing of the UE can be requested for reporting in the measurement report but the Rx beam used at the gNB is not needed.
Information exchange between gNBs
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 5: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Conclusions 
In this contribution, we discussed the definition of UE and gNB measurements based on DL and UL reference signals applicable for NR positioning. Our proposals are summarized below.
Proposal 1:  The decision criterion of the UE should be defined and reported if UE chooses to use a DL PRS resource(s)/ resource set different from the one indicated by the network to facilitate the positioning.
Proposal 2:  The resource/resource set ID(s) to be reported by the UE should depend on how such IDs are defined and if both IDs are defined locally, cell ID should also be reported.
Proposal 3:  For UL RTOA (relative time of arrival) measurements, the resource ID(s) or resource set ID(s) used for determining the timing of the UE can be requested for reporting in the measurement report but the Rx beam used at the gNB is not needed.
Proposal 4: For the gNB RX-TX time difference measurement, the resource ID(s) or resource set ID(s) used for determining the timing of the UE can be requested for reporting in the measurement report but the Rx beam used at the gNB is not needed.
Proposal 5: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
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