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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN plenary meeting #83, the work item of NR Positioning Support was approved [1]. The following is one of the objectives for the WID.
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   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
In RAN1#96bis meeting, the following agreements were reached on UE and gNB measurements [2].
Agreement:
Intra-frequency and inter-frequency DL RSTD measurements (currently supported to be based at least on DL PRS) are supported in RRC_CONNECTED mode 
Agreement:
At least intra-frequency DL PRS-RSRP measurements are supported in RRC_CONNECTED mode
· FFS: Inter-frequency DL PRS-RSRP measurements in RRC_CONNECTED mode
Agreement:
· The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set
Agreement:
· The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference
In RAN1#97 meeting, the following agreements were reached on UE and gNB measurements [5].
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
In this contribution, details on UE and gNB measurements for NR positioning are discussed.
2. UE measurements for NR positioning
2.1   UE measurements for DL-TDOA based positioning
In LTE, the target device is supposed to provide RSTD measurements to location server. The RSTD measurements are provided for a neighboring cell and the RSTD reference cell, both of which are provided in the IE OTDOA-ProvideAssistanceData via LPP [2]. The IE rstd specifies the relative timing difference between the neighboring cell and the RSTD reference cell, as defined in the table below:
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_IDLE intra-frequency only applicable for NB-IoT UEs
RRC_IDLE inter-frequency only applicable for NB-IoT UEs


Note that as per the agreement from previous RAN1#96bis meeting, the reference for RSTD may be one or more DL PRS resources indicated by the network. It was also agreed in RAN1#96bis meeting that the UE may use different DL PRS Resource ID or a different DL PRS Resource set for determining the reference for the RSTD measurement. This provides possibility for the UE to assure the quality of RSTD measurement for example by choosing a DL PRS resource with strong signal as the reference. For each RSTD, with a DL PRS resource as the reference, it is straight forward and clear for the UE to measure and derive RSTD. If however RSTD is defined with respect to a reference cell, there may appear a case when the receiving timing of multiple DL PRS resources (i.e., corresponding to beams from the same TRP) are different. Some specification efforts would be required to address such issue if it happens as if left to UE implementation may cause uncertainty to how LMF should utilize the RSTD report due to potential different UE behavior.
Thus we think it’s natural to define RSTD as the relative timing difference with respect to the timings associated with the DL PRS resources (Option 3 in RAN1#97 related agreement).  
Proposal 1: RSTD measurement and report is defined as the relative timing difference with respect to the timings associated with the DL PRS resources
Considering the beam sweeping manner in FR2, UE may report the measurements based on multiple beams both from the serving cell and neighboring cells. In order to obtain more useful information on the network side, UE may report measurements of one or more additional detected beams from each positioning cell which can be selected by RSRP or TOA. UE may also report the DL PRS resource (beam) ID for LMF to distinguish different beams. Furthermore, the LMF may obtain the spatial relationship information based on UE report so that QCL-D with DL PRS can be configured. During last meeting, it has been agreed that a DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP. Thus the beam ID may be replaced by DL PRS resource ID.
Proposal 2: Support UE measurements report for each configured DL PRS resource for NR DL-TDOA based positioning.
Proposal 3: Support UE to report PRS resource ID together with the corresponding RSTD report.
In LTE, some additional measurements are provided to E-SMLC for more reliable location estimation. The IE ‘additionalPaths’ specifies one or more additional detected path timing values for the RSTD reference cell and neighboring cell, relative to the path timing used for determining the RSTD value. 
Proposal 4: Support reusing measurements like ‘additional path’ for NR DL-TDOA based positioning.
When the LMF calculates UE position with multiple RSTDs with respect to a path on a particular beam from multiple cells, the report would be quite large especially for a large number of positioning cells. The report overhead would be even larger in case of additional path report. Ideally, RSTD reports from a UE corresponding to all configured DL PRS resources from multiple positioning cells would provide the optimal positioning accuracy for the LMF. However, in reality, some of RSTD measurements and reports may be close to each other in some scenarios. For example, the difference between two RSTD reports corresponding to different PRS resources in a DL PRS resource set may be smaller than the RSTD resolution granularity. In such cases, one additional RSTD reports would not provide any meaningful improvement to the positioning accuracy. Therefore, it is desirable to specify some UE behavior/rules so that the UE can reduce RSTD report overhead while assure the final positioning accuracy. Correspondingly, it is also desirable for the network to control not only the number of DL PRS resources for measure but also on how much report it needed to assure the expected positioning accuracy. We think this is essential to enable the tradeoff between the cost (DL PRS resource and associated RSTD report overhead) and the obtained positioning accuracy. 
One possible way is to average the RSTD measurements of multiple DL PRS resources (i.e. beams) corresponding to a path and use the average RSTD as the final report for a subset of DL PRS resources. Alternatively, the UE may select one out of a set of measurements and use that to derive the RSTD report representing a group of DL PRS resources. We feel how to optimize the RSTD report based on multiple DL PRS resources should be further studied.
Proposal 5: Combining RSTD measurements is supported. FFS how an RSTD report is derived based on multiple measurements. 
2.2   UE measurements for DL-AOD based positioning
For DL-AOD based positioning techniques, beam sweeping manner is need for fine departure angle estimation. UE should measure downlink RS from multiple beams and calculate RSRP on these beams. The gNB TX beam with the strongest RSRP can be used to estimate AOD by certain angle estimation algorithm. Therefore, UE should report the TX beam RSRP information both from the reference cell and neighboring cell to LMF for DL-AOD based positioning. To reduce uncertainty for LMF side, UE should report RSRP measurements from multiple TX beams of a certain cell.
Proposal 6: UE should report RSRP measurements from multiple TX beams of a certain cell for NR DL-AOD based positioning.
DL PRS can be transmitted in a beam sweeping manner both for DL-TDOA and DL-AOD based positioning. In this case, UE can measure both RSTD and RSRP measurement simultaneously from one certain beam. UE does not need to differentiate the positioning reports for whatever downlink techniques which may be transparent to UE. In other words, UE can report all measurements including RSTD and RSRP information from multiple beams of a certain cell. From the point of saving signaling overhead, there is also no need to configure the two techniques in two fields in NR positioning protocol.
Proposal 7: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
2.3   UE measurements for E-CID positioning
In LTE, the measurements that may be reported from the UE to E-SMLC are RSRP, RSRQ and UE RX-TX time difference. The RSRP and RSRQ measurements can be obtained from neighboring cells. While the UE RX-TX time difference is provided only for measurements on the UE’s primary cell. In NR, it has been agreed that UE RX-TX time difference measurements can be performed for the serving cell and neighboring cells. Considering multi-beam mechanism, UE may measure multiple beams from the serving cell and neighboring cells. In order to obtain more useful information at the network side, UE may report measurements of one or more additional detected beams from each E-CID positioning cell. In particular, support RX-TX time difference report based on one or more beams on the UE’s primary cell. Also, support RSRP and RSRQ report based on one or more beams on each E-CID positioning cell.
Proposal 8: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.
3. gNB measurements for NR positioning
In RAN1 AH1901 [3], gNB measurements such as UL RTOA, UL Angle of Arrival and UL RSRP have been agreed. These measurements can be reported to LMF via NRPPa protocol.
Similar to DL PRS beam sweeping, UL PRS beam sweeping has been discussed in previous meetings. If UL PRS beam sweeping is supported, gNB may also perform measurements from multiple beams with multiple cells. Therefore, gNB measurements report based on one or more RX beams should be supported. 
4. Conclusion
In this contribution, UE and gNB measurements are discussed with the following proposals,
Proposal 1: RSTD measurement and report is defined as the relative timing difference with respect to the timings associated with the DL PRS resources
Proposal 2: Support UE measurements report for each configured DL PRS resource for NR DL-TDOA based positioning.
Proposal 3: Support UE to report PRS resource ID together with the corresponding RSTD report.
Proposal 4: Support reusing measurements like ‘additional path’ for NR DL-TDOA based positioning.
Proposal 5: Combining RSTD measurements is supported. FFS how an RSTD report is derived based on multiple measurements. 
[bookmark: _GoBack]Proposal 6: UE should report RSRP measurements from multiple TX beams of a certain cell for NR DL-AOD based positioning.
Proposal 7: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
Proposal 8: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.
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