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Introduction
[bookmark: _Hlk58595024]In this contribution, we address physical layer measurements and signaling to support NR DL and UL Carrier Phase Positioning (CPP) and the associated Carrier Phase (CP) measurements.
Discussion

Definitions of NR Carrier Phase Measurements
In RAN1 #112-bis-e, the agreements were further extended as [2]: 
	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.



The unknown initial Rx phase of a UE can be eliminated by the difference between the RSCP and a reference RSCP. This is done automatically for RSCPD measurements. For RSCP measurements, this can be handled in the LMF based on feedback of the RSCP from different TRPs (or from the same TRP at different times or frequencies). The advantage here is that there will be no need for an additional reference to be specified with the UE Rx-Tx time difference.

Proposal 1: No action by RAN1 to eliminate unknown initial Rx phase with RSCP/RSCPD reporting


Carrier phase measurement reporting
In RAN1 #112-bis-e, the following agreement was made [2]:
	Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.




The outstanding issue in reporting is based on whether to support standalone carrier phase reporting/positioning in Rel-18. We do not see a need to support standalone carrier phase positioning at the UE and if it is supported in Rel-18, should be based on UE capability.  

Proposal 2: Do not support standalone carrier phase positioning at the UE. 

Proposal 3: In the measurement report
· When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.
· When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.


Integer Ambiguity and additional reporting 
Reporting the integer ambiguity range may reduce the computational complexity in estimating the IA for CPP. As such, sending this information via assistance information should be considered.   It is necessary for RAN1 to identify the information to be fed back and the configuration needed in the case of a single RSCP measurement within a PFL/carrier, and of multiple RSCP measurements within a PFL/carrier.
· In the case of a single RSCP measurement within a PFL/carrier, it is necessary to  configure the RSCP feedback and possible assistance information on search range of the integer ambiguity (to the device estimating the CPP). Information to be fed back may include the RSCP and RSRP. 

Proposal 4: Support to optionally provide an estimated integer ambiguity and/or the search range of the integer ambiguity to a target UE in the positioning assistance data for UE-based carrier phase positioning. For UEs this should be a capability. 

Phase Error Group
In RAN1 #112-bis-e, the following agreement was made[2]: 
	[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.




Ideally, we should go with Option 3 to ensure that we have the best solution especially as the TEG values are decided by RAN4. However, a reply may not be quick enough to satisfy the current timeline. RAN1 should down-select to option 1a or Option 2. 

On the definitions of the phase error group:
· The TX Phase Error: Phase error (in frequency domain) due to time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna.
· The RX Phase Error: Phase error (in frequency domain) due to time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband.
· Tx ‘Phase error group’ (Tx PEG): A Tx PEG is associated with the transmissions of one or more positioning RS resources, which have the Tx phase errors within a certain margin.
· UE Tx PEG is defined for Sounding Reference Signal (SRS) for positioning transmission
· TRP Tx PEG is defined for Positioning Reference Signal (PS) transmission
· Rx ‘Phase error group’ (Rx PEG): A Rx PEG is associated with one or more measurements, which have the Rx Phase errors within a certain margin.
· UE Rx PEG is defined for PRS reception
· TRP Rx PEG is defined for SRS reception
· UE RxTx ‘Phase error group’ (UE RxTx PEG): A UE RxTx PEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx phase errors+Tx phase errors’ within a certain margin. 
· TRP RxTx ‘Phase error group’ (TRP RxTx PEG): A TRP RxTx PEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx phase errors+Tx phase errors’ within a certain margin.

The TRP and UE may provide the appropriate PEG to assist in mitigating the phase delays for RSCP and RSCPD estimation.

Alternatively, the UE/TRP Tx/Rx TEGs may be used with smaller margin value that corresponds to the phase error margins needed/reported by the PEG. The actual values may be determined by RAN4.


Proposal  5: To address the impact of the phase delays on Tx/Rx RF chains RAN1 select option 2: 
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Option 2: enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

NR Carrier Phase Positioning with Multipath
In  the study item, the following agreements were made: 
	Agreement
Capture the following TP into TR 38.859 as a conclusion (for Section 6.3.1):
· The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that multipath/NLOS deteriorates the performance of carrier phase positioning and it is necessary to consider multipath mitigation for NR carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion:
· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path
· At least reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.




In RAN1 #112, the following agreement was made [1]:
	Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.



From the agreements made in the study item, it is necessary to consider multipath mitigation for NR carrier phase positioning. Given the agreement in RAN #112, the Rel-17 LOS/NLOS agreements for additional paths (when indicated) can be applied to carrier phase measurement(s) in the same report if measurements are reported for additional paths. 

Proposal 6: the Rel-17 LOS/NLOS agreements for additional paths (when indicated) can be applied to carrier phase measurement(s) in the same report if measurements are reported for additional paths.




Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: No action by RAN1 to eliminate unknown initial Rx phase with RSCP/RSCPD reporting

Proposal 2: Do not support standalone carrier phase positioning at the UE. 

Proposal 3: In the measurement report
· When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.
· When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.

Proposal 4: Support to optionally provide an estimated integer ambiguity and/or the search range of the integer ambiguity to a target UE in the positioning assistance data for UE-based carrier phase positioning. For UEs this should be a capability. 

Proposal  5: To address the impact of the phase delays on Tx/Rx RF chains RAN1 select option 2: 
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Option 2: enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.

Proposal 6: the Rel-17 LOS/NLOS agreements for additional paths (when indicated) can be applied to carrier phase measurement(s) in the same report if measurements are reported for additional paths. 
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