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[bookmark: _Ref513464071]Introduction
In RAN1#114, 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]Potential enhancements 
Positioning using phase measurements
Measurement reporting:
In RAN1#112b-e, the following agreement related to measurement was made [1].
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.


Phase measurements can be used as a stand-alone measurement if inter-gNB synchronization is accomplished. It should be noted that the discussions in [3] show that synchronization loss between gNBs can be kept minimal in indoor or factory-like environment. In addition, the techniques to achieve high synchronization accuracy between gNBs are presented in [6] which enable phase-only positioning without dependence on existing RAT dependent positioning methods such as DL-TDOA. Finally, as discussed in [6], standalone measurements can be used to solve integer ambiguity efficiently and accurately. Considering benefits and feasibility to obtain standalone carrier phase measurements, the following proposal is made.
Proposal 1: Adopt the following TP to introduce standalone carrier phase reporting/positioning in Rel-18. The reason for the change is to enable reporting of standalone phase measurements. The summary of change is introduction of standalone phase measurements. The consequence if not approved is that positioning accuracy may degrade.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
For DL UE positioning measurement reporting in higher layer parameter NR-DL-TDOA-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase Difference (RSCPD) [7, TS 38.215] measurement along with the DL RSTD. When the UE reports RSCPD measurements the reference nr-DL-PRS-ReferenceInfo is the same as the one reported, for the RSTD measurements. The UE may be configured to report RSCPD measurements without the DL RSTD. For DL UE positioning measurement reporting in higher layer parameter NR-Multi-RTT-SignalMeasurementInformation the UE may be configured to report the DL Reference Signal Carrier Phase (RSCP) measurement [7, TS 38,215] along with the UE Rx-Tx time difference measurement. When the UE reports DL RSCPD measurement(s) along with DL RSTD measurement(s) or DL RSCP measurement(s) along with UE Rx-Tx time difference measurement(s), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer.  
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------




Assistance data:
In phase-based positioning, differential or double-differential of phase measurements is used for positioning to eliminate unknown phase offset present in the measurements. For this purpose, for the UE to compute the phase difference, it would benefit from knowing if the transmitted PRS resources targeted for phase-difference based positioning share common or similar unknown phase offset characteristics. Thus, a mechanism to include information indicating the PRS resources share similar unknown phase characteristics should be studied. 
One possible approach is to specify a phase error group (PEG). PRS resources in the same PEG may share similar unknown phase offset (e.g., PRSs are transmitted from the same amplifier). Knowing that the PRS resources share similar unknown phase offset characteristics may allow the receiver to implement differential or double-differential phase calculation to mitigate residual phase in the measurements. In addition, any necessary assistance information should be studied for both UE-based and UE-assisted carrier phase measurement based positioning.
The following agreement was made in RAN1#112b-e. Three options were introduced in the agreement and we support Option 1a (Introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals) where the definition for TEG in the specification can be used as the starting point.
	[bookmark: FP2]Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of \the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.



In addition, the following proposal was made in the FL summary [3]. Based on the above reasons, we support Option 1a.
	To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of the UE/TRP Tx/Rx PEGs
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Note: The values of the smaller margin are determined by RAN4
· Send an LS to RAN4, requesting the confirmation on RAN1’s decision.
· Option 5: RAN1 sends an LS to RAN4, informing RAN4 the above options considered in RAN1, and asking RAN4 if RAN4 has any preference or any issue with any of the above options. 


Proposal 2: Support Option 1a for PEG (introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals)
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 3: The UE reports RSCPD if the LOS/NLOS indicator associated PRS resource or TRP is above the configured threshold
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.  In UE-based NR positioning, the UE makes measurements on the received PRS and determines its position based on the measurements. 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 RAN1#113, the following agreement was made.
	Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.



In addition, the following agreement has been made in RAN1#114.
	Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.


In addition, the measurements forwarded by the PRU should contain the PRS resource ID(s) they are associated with. The UE can determine its location more accurately based on the PRS resource ID associated with the PRU measurement.
Proposal 4: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU , and PRS resource ID(s) and timestamp to which the DL carrier phase measurements are associated with.
< 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 may create a large overhead and introduce the computational load at the LMF.
Proposal 5: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. The UE may request the network to receive measurements performed by a PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



In addition, it is not clear whether the measurements forwarded by the LMF contain both RSTD and RSCPD. A clear agreement is needed to specify which measurements are contained in the forwarded measurement report. Timing measurements associated with phase measurements can assist the UE to resolve phase ambiguities. Thus, it is necessary for the UE to receive both timing and phase measurements from the PRU.
Proposal 6: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured 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] along with the location information of the PRU. 
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Simultaneous reception or transmission between UE and PRU
The following agreement was made in RAN1#114. The remaining FFS is whether to adopt 4 or 8 as the number of configurable time windows for the UE or PRU. In our view, the window indicates the duration during which PRS can be measured by both the UE and PRU simultaneously. If the UE is to measure with different PRUs at different time instances, the time window can be configured with different configurations (e.g., time offset, periodicity). Thus, the currently combination numbers for the time windows should be sufficient.
	Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}



Proposal 7 : Adopt only 1 or 2 as the number of configurable time windows for simultaneous measurements between target PRU and UE 
Conclusion.
In this contribution, the following proposals and observations are made.
Proposal 1: Adopt the following TP to introduce standalone carrier phase reporting/positioning in Rel-18. The reason for the change is to enable reporting of standalone phase measurements. The summary of change is introduction of standalone phase measurements. The consequence if not approved is that positioning accuracy may degrade.
	--------------------------<Start of text proposal for TS 38.214>--------------------------
5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
For DL UE positioning measurement reporting in higher layer parameter NR-DL-TDOA-SignalMeasurementInformation, the UE may be configured to report the DL Reference Signal Carrier Phase Difference (RSCPD) [7, TS 38.215] measurement along with the DL RSTD. When the UE reports RSCPD measurements the reference nr-DL-PRS-ReferenceInfo is the same as the one reported, for the RSTD measurements. The UE may be configured to report RSCPD measurements without the DL RSTD.  For DL UE positioning measurement reporting in higher layer parameter NR-Multi-RTT-SignalMeasurementInformation the UE may be configured to report the DL Reference Signal Carrier Phase (RSCP) measurement [7, TS 38,215] along with the UE Rx-Tx time difference measurement. When the UE reports DL RSCPD measurement(s) along with DL RSTD measurement(s) or DL RSCP measurement(s) along with UE Rx-Tx time difference measurement(s), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer.  
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 2: Support Option 1a for PEG (introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals)
Proposal 3: The UE reports RSCPD if the LOS/NLOS indicator associated PRS resource or TRP is above the configured threshold
Proposal 4: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU, and PRS resource ID(s) and timestamp to which the DL carrier phase measurements are associated with.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 5: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. The UE may request the network to receive measurements performed by a PRU.
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 6: 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	PRS reception procedure
< Unchanged parts are omitted >
The UE may be configured 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] along with the location information of the PRU. 
< Unchanged parts are omitted >
--------------------------<End of text proposal for TS 38.214>--------------------------



Proposal 7 : Adopt only 1 or 2 as the number of configurable time windows for simultaneous measurements between target PRU and UE
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