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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98 meeting, the following agreements and conclusions were reached on UE and gNB measurements [2].
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, details on UE and gNB measurements for NR positioning are discussed.
2. UE measurements and reporting
2.1   UE measurements and reporting 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. 
The agreement made in RAN1#98 defined the time difference for RSTD measurement with respect to the received DL subframe timings associated with the different TRPs. Furthermore, multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP and those DL PRS resource ID(s) and/or DL PRS resource set ID(s) can be reported if configured.
When looking at all the agreements, it is clear that the reference DL PRS resource(s) and/or a DL PRS resource set whether indicated by the network or selected by the UE is(are) corresponding to a TRP. The information of which TRP the reference DL PRS resource belong to should be known to the LMF. When a UE uses multiple DL PRS resources to determine the received DL subframe timing of the first arrival path of a TRP, those multiple DL PRS resources must belong to the same DL PRS resource set which is corresponding to a TRP. Therefore, it is preferable that the cell ID or TRP ID to which DL PRS resource(s) belongs to is provided along with DL PRS configuration.  To differentiate TRPs which the PRS resources are sent from, support to reuse IDs defined in eMIMO session.
Proposal 1: The TRP (cell) ID is provided along with DL PRS configuration.
· Support to reuse IDs defined in eMIMO session to differentiate TRPs from which the PRS resources are sent from. 
Note that when comparing NR to LTE, one of the most important differences is the support of multi-beam operation in NR FR2. For one TRP, a DL PRS resource set configured with multiple PRS resources can be used to support the beam sweeping operation. Different transmit beam can be applied on different PRS resource of the same set, which are transmitted from the same TRP. Beamforming not only improves the link quality for PRS transmission at the gNB side, but also may impact propagation path and delay of PRS reception at the UE side. Different PRS resources transmitted with different beam direction can pass through different channel paths and thus the ToA measurement at the UE side based on different PRS resources would be quite different. This phenomenon is observed in the following simulation results. 
We considered a UMi scenario, we randomly select a UE, and then we compare the ToA differences via 2 beams under different gNB coverage in 100 occasions. For the channel/path between the gNB and the UE is good (e.g., good link quality with LOS), the ToA results obtained by the UE through different beam measurements are very close, as shown in Fig.1. It can be seen that ToA measurements for all beams are almost identical and if the reference resource is determined, UE may report only 1 RSTD report across different beams in this case.
[image: ]
Fig.1 Percentage of ToA differences of difference beams in good coverage
However, when the channel/path between the gNB and the UE is not good (e.g., bad link quality with many NLoS), the ToA results of different beams are quite different as shown in Fig.2 where more than 35% ToA measurement differences are larger than 4 Ts. When the reference resource is determined, if only one RSTD measurement is reported by the UE, additional information may be lost.
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Fig.2 Percentage of ToA differences of difference beams where channel/path is not good
If the UE still follows LTE design where only one RSTD is reported for a pair of TRPs, the UE may ‘average’ or ‘select the first path’ the RSTD measured from different PRS resources (i.e., different paths) to obtain the RSTD report. Given that UE behavior is left to implementation, it is not possible for the LMF to assume how the UE calculate RSTD report. Consequently, the validity of reported RSTD is questionable which in turn affect positioning accuracy. Furthermore, all information on beam direction and different propagation path is lost. Otherwise, this can provide additional direction and angle information which may enable LMF to combine the RSTD measurement corresponding to a PRS resource with angle information based on the Tx beam direction to further improve the positioning performance. It was argued if PRS resource ID is reported along with RSTD, it is no longer a pure OTDOA positioning. However, we disagree with such argument. In general, the PRS configuration and corresponding measurements are developed in the specification to facilitate different positioning techniques where there should be no restriction on which positioning technique/measurement the LMF can use. 
In summary, we think multi-beam operation in NR motivates a more flexible and new RSTD reporting compared to LTE. 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 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. 
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. However, a direct reuse of ‘additionalPaths’ in NR still does not utilize the rich beam direction information which may be provided if multiple RSTD reports corresponding to different PRS resources are supported. 
Proposal 2: Support to configure UE to report multiple RSTD measurements for each TRP pair. PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in an RSTD measurement can be configured for reporting in the measurement report.
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 think how to optimize the RSTD report based on multiple DL PRS resources should be further studied.
Proposal 3: Support to configure UE the maximum number of RSTD measurements. FFS how an RSTD report is derived based on multiple measurements. 
2.2   UE measurements and reporting 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 4: 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 5: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
2.3   UE measurements and reporting 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 6: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.
3. gNB measurements and reporting
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. When reporting to the LMF, the SRS resource ID(s) or SRS resource set ID(s) used for determining the timing of the UE at the gNB in the UL RTOA measurements can be requested for reporting in the measurement report.
Proposal 7: The SRS resource ID(s) or SRS resource set ID(s) used for determining the timing of the UE at the gNB in the UL RTOA and the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.
4. Conclusion
In this contribution, UE and gNB measurements are discussed with the following proposals,
Proposal 1: The TRP (cell) ID is provided along with DL PRS configuration.
· Support to reuse IDs defined in eMIMO session to differentiate TRPs from which the PRS resources are sent from. 
Proposal 2: Support to configure UE to report multiple RSTD measurements for each TRP pair. PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in an RSTD measurement can be configured for reporting in the measurement report.
Proposal 3: Support to configure UE the maximum number of RSTD measurements. FFS how an RSTD report is derived based on multiple measurements. 
Proposal 4: UE should report RSRP measurements from multiple TX beams of a certain cell for NR DL-AOD based positioning.
Proposal 5: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
Proposal 6: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.
Proposal 7: The SRS resource ID(s) or SRS resource set ID(s) used for determining the timing of the UE at the gNB in the UL RTOA and the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.
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