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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#113 meeting, the WID on Expanded and Improved NR Positioning [1] was discussed. The following was agreed [2] on the topic of NR DL and UL carrier phase positioning:
	Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for both frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for both frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for measurement reporting.

Agreement
Adopt the following modifications on the agreements made in RAN1#112bis-e:
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources sets occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

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.

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL

Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.

Conclusion
From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.

Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows

Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows



The objective for NR carrier phase-based positioning as stated by the WID [1] is:
	· Specify physical layer measurements and signaling 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 paper, we present our views on remaining issues of NR DL and UL carrier phase positioning and proposals for moving forward.
Assistance information for UE-based carrier phase positioning
Carrier phase positioning technique utilizes phase measurements for multiple TRPs to estimate location of target UEs, where centimeter-level accuracy requirement for positioning can be met. For UE-based carrier phase positioning, UE receives the DL PRS from the TRPs and obtains the carrier phase measurement, based on which the position of the UE can be determined. 
PRU (Positioning Reference Unit) was introduced in R17 to be used as a UE with a known location that can be used to estimate the clock biases and phase mismatches between TRPs. The PRU should be regarded as a device with a known accurate location and close to the target UE whose position is being determined.
A PRU can report its location and associated uncertainty as is the case for other UEs. Using the measurements (e.g., RSTD, phase measurements) returned by PRU, double differential processing at the LMF (Location Measurement Function) can be used to eliminate unknown timing/phase offset or phase error. The measurements from PRU can be useful if there are unknown phase offset present/integer ambiguity in the received PRS. Based on the measured carrier phase of TRP at the PRU side and the accurate location of the PRU, the initial phase of TRP transmitter can be estimated and adjusted.
It has been agreed in the last RAN1#113 meeting to 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. 
For additional information of the same PRU that should be reported to the target UE, besides the PRU location, it is proposed that at least one of the following PRU measurement information should be also reported:
· AoD of PRU to each TRPs
· The carrier phase error of the TRP
· Phase differences between the PRS resources of the TRPs, possibly including timing (e.g., PRS occasion and resource index) of the PRS resources whose phase difference is being reported
· Phase correction factors
Based on the above analysis, we propose the following:
Proposal 1:  For additional information of the same PRU that should be reported to the target UE, besides the PRU location, it is proposed that at least one of the following PRU measurement information should be also reported:
· AoD of PRU to each TRPs
· The carrier phase error of the TRP
· Phase differences between the PRS resources of the TRPs, possibly including timing (e.g., PRS occasion and resource index) of the PRS resources whose phase difference is being reported
Phase correction factors
Conclusions
In this contribution, we present our views on remaining issues of NR DL and UL carrier phase positioning.  Based on the discussions in the previous section we propose the following: 
Proposal 1:  For additional information of the same PRU that should be reported to the target UE, besides the PRU location, it is proposed that at least one of the following PRU measurement information should be also reported:
· AoD of PRU to each TRPs
· The carrier phase error of the TRP
· Phase differences between the PRS resources of the TRPs, possibly including timing (e.g., PRS occasion and resource index) of the PRS resources whose phase difference is being reported
· Phase correction factors
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