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[bookmark: _Ref513464071]Introduction
In RAN1#114b, agreements related to definitions of phase measurements and report contents were made [1]. In addition, the following items are to be considered or specified related to phase-based positioning [2].
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In this contribution, remaining issues for positioning based on carrier phase measurement are discussed.
[bookmark: _Hlk101726869]Discussion related to PRU measurement forwarding
Use of PRU measurements for UE-based positioning
During Rel. 17, a use of PRU (Positioning Reference Unit) [5] was discussed such that timing/antenna parameters can be calibrated to eliminate unknown phase/time offset in measurements. In TS 38.305, PRU is defined as a UE with a known location [5]. Using the measurements (e.g., RSTD, phase measurements) returned by PRU, double differential processing can be used to eliminate unknown timing/phase offset. Furthermore, if PRUs are located nearby the UE, it is possible to resolve or eliminate integer ambiguity in the measurement based on the measurements from the PRU. 
In UE-assisted NR positioning, the UE makes measurements on the received PRS and reports the measurements to the LMF.  Similarly, for NR carrier phase positioning, UE-based positioning is feasible if the UE obtains phase measurements from the received PRS and determines its position. The measurements from PRU can be useful if there are unknown phase offset/integer ambiguity present in the received PRS. The correction information can be sent from the network to the UE so the UE can apply correction on phase measurements and/or resolve the integer ambiguity to determine its position.
In addition, it is not clear whether the measurements forwarded by the LMF contain both RSTD and RSCPD. In [3], necessity of RSTD in forwarded measurements are discussed. A clear agreement is needed to specify which measurements are contained in the forwarded measurement report. 
According to the current agreement, captured in [4] as shown below, the UE can be requested to make measurements on PRS resource sets. 
	The UE, subject to UE capability, may be requested via [higher layer parameter] to perform positioning measurements on indicated DL PRS resource sets occurring within one or more time window(s) indicated by [higher layer parameter]. Within the window indicated by [higher layer parameter], the UE expects the indicated DL PRS resource sets are from one DL PRS positioning frequency layer, and the same number of indicated DL PRS resource sets associated with each dl-PRS-ID.


According to the following agreement made in RAN1#114b, PRU or UE reports both RSTD and RSCPD to the LMF and they may be measured based on different PRS resources. 
	Agreement
· The DL PRS resource used to obtain a DL RSCP measurement is either the same DL PRS resource used to obtain the associated UE Rx-Tx time difference measurement, or one of the DL PRS resources used to obtain the associated UE Rx-Tx time difference measurement.
· Note: a DL RSCP measurement is obtained by measuring a single DL PRS resource from a TRP.


According to the discussion in [3], the UE may not necessarily make measurements on RSTD and RSCPD using the same set of PRS resources, e.g., at different time instances. In addition, PRU may not necessarily make the same pairs of resources to determine RSTD and RSCPD as the target UE. Thus the following scenarios may occur in practice
· Scenario #1: Between PRU and target UE, same PRS resources are used for determination of RSTD and RSCPD
· Scenario #2: Between PRU and target UE, same PRS resources are used for determination of RSTD but different PRS resources are used for determination of RSCPD
· Scenario #3: Between PRU and target UE, different PRS resources are used for determination of RSTD and same PRS resources are used for determination of RSCPD
· Scenario #4: Between PRU and target UE, different PRS resources are used for determination of RSTD and RSCPD
Observation 1: The target UE and PRU can make measurements on RSTD and RSCPD using different PRS resources from each other
Thus, for clarity, the LMF needs to forward all measurements (e.g., RSTD and RSCPD) made by the PRU to the target UE and each measurement needs to be associated with PRS resource IDs. It is also possible that the UE and PRU make multiple RSTDs and RSCPDs using the PRS resources (i.e., multiple combinations of PRS resources) from the indicated PRS resource set. 
Double differential processing of timing measurements can eliminate common unknown timing offsets that exist in timing measurements made by PRU and UE. Double differential processing of RSTD or RSCPD should be done across measurements made on the same set of PRS resources and the target UE should have identification information about the PRS resources used by PRU to determine RSTD or RSCPD. 
Observation 2: IDs of PRS resource used by the PRU to determine RSTD and/or RSCPD are needed by the target UE for processing measurements made by the PRU and target UE
Proposal 1: PRS resource ID(s) and corresponding measurements should be included in the forwarded PRU measurements
Proposal 2: Adopt the following TP to include PRS resource ID(s) and timestamp associated with PRU measurement in the measurement report by the PRU. The reason for the change is to include additional details to the forwarded measurements. The summary of change is to append PRS resource IDs and timestamp associated with the measurements. The consequence if not approved is that the UE cannot implement UE based positioning using forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >
The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps and PRS resource IDs associated with the measurements, and the location information of the PRU. 
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Furthermore, details of deployment of PRUs (e.g., density) are not certain at this point. The distance between PRU and UE may not be close enough to determine the UE location purely based on RSCPDs measured by the target UE and PRU. Thus, integer ambiguities may exist even after double-differential processing of RSCPD. Timing measurements associated with phase measurements can assist the UE to resolve phase ambiguities.
Due to mobility at the PRU, reported location by the PRU may not be up-to-date. RSTD measurements made by the PRU can assist the target UE to verify PRU location. 
Thus, for the reasons stated above, it is necessary for the UE to receive both timing and phase measurements from the PRU. Thus, we make the following proposals and corresponding text proposals.
Proposal 3: The LMF should forward RSTD measurements associated with RSCPD measurements, made by the PRU, to the target UE 
Proposal 4: Adopt the following TP to clarify that the forwarded measurements contain both carrier phase measurements and associated timing measurements. The reason for the change is to introduce clarity in the types of PRU measurements forwarded by the LMF. The summary of change is to clarify that both timing and phase measurements made by the PRU are forwarded by the LMF. The consequence if not approved is that the UE may not be able to determine its location based on forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >

The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements and associated DL RSTD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



In addition, the LMF shall receive a request from the UE to forward the PRU measurement to the network. If the LMF forwards the measurement based on the request sent from the UE, it will help for the network to prevent unnecessary forwarding of the measurements to the UE. If the LMF is to automatically forward the measurements, it will create a large overhead in signaling. 
Proposal 5: LMF can forward PRU measurement to the target UE based on the request from the target UE
Proposal 6: Adopt the following TP to enable PRU measurement forwarding to the UE by the LMF based on the request from the UE. The reason for the change is to allow the UE to request PRU measurement forwarding. The summary of change is to introduce a request for the LMF by the UE to forward PRU measurements. The consequence if not approved is that the UE cannot complete UE-based positioning using forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >
The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU. The UE may request the network to forward measurements performed by a PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Furthermore, the request can include PRS resource IDs as the PRU may use same or different PRS resources to determine RSTD or RSCPD.
Proposal 7: The target UE can include PRS resource IDs in the request for forwarding measurements to indicate desired measurements.
Measurement and report for multipath or LOS/NLOS conditions
In RAN1#112, the following agreement was made to support LOS/NLOS indicator for carrier phase measurement [4].
	Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.


Phase measurement is sensitive to multipath and NLOS PRS transmission since a small change in a propagation path may result in a large difference in phase measurement. For a NLOS path, the propagation time can vary based on the reflection path. Therefore, the phase measurement can vary significantly as well. In this case, the phase measurement is not beneficial to determine the position of the UE. Therefore, it is necessary to specify the conditions the UE should report phase measurement. 
Proposal 8: The UE reports RSCPD if the LOS/NLOS indicator associated with PRS resource or TRP is above the configured threshold 
Conclusion.
In this contribution, the following proposals are made.
Observation 1: The target UE and PRU can make measurements on RSTD and RSCPD using different PRS resources from each other
Observation 2: IDs of PRS resource used by the PRU to determine RSTD and/or RSCPD are needed by the target UE for processing measurements made by the PRU and target UE
Proposal 1: PRS resource ID(s) and corresponding measurements should be included in the forwarded PRU measurements
Proposal 2: Adopt the following TP to include PRS resource ID(s) and timestamp associated with PRU measurement in the measurement report by the PRU. The reason for the change is to include additional details to the forwarded measurements. The summary of change is to append PRS resource IDs and timestamp associated with the measurements. The consequence if not approved is that the UE cannot implement UE based positioning using forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >
The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps and PRS resource IDs associated with the measurements, and the location information of the PRU. 
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 3: The LMF should forward RSTD measurements associated with RSCPD measurements, made by the PRU, to the target UE 
Proposal 4: Adopt the following TP to clarify that the forwarded measurements contain both carrier phase measurements and associated timing measurements. The reason for the change is to introduce clarity in the types of PRU measurements forwarded by the LMF. The summary of change is to clarify that both timing and phase measurements made by the PRU are forwarded by the LMF. The consequence if not approved is that the UE may not be able to determine its location based on forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >

The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements and associated DL RSTD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 5: LMF can forward PRU measurement to the target UE based on the request from the target UE
Proposal 6: Adopt the following TP to enable PRU measurement forwarding to the UE by the LMF based on the request from the UE. The reason for the change is to allow the UE to request PRU measurement forwarding. The summary of change is to introduce a request for the LMF by the UE to forward PRU measurements. The consequence if not approved is that the UE cannot complete UE-based positioning using forwarded PRU measurements.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5.2	PRS for carrier phase positioning
< Unchanged parts are omitted >
The UE may be provided with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU. The UE may request the network to forward measurements performed by a PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 7: The target UE can include PRS resource IDs in the request for forwarding measurements to indicate desired measurements.
Proposal 8: The UE reports RSCPD if the LOS/NLOS indicator associated with PRS resource or TRP is above the configured threshold
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