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Introduction
RAN4#107 discussed requirements for carrier phase measurement-based positioning. The agreements made and the open issues identified in the last meeting are captured in the WF document [1]. In this contribution we present our views on the open issues related to carrier phase measurement requirements for positioning.
Core part discussion
Measurement reporting requirements for DL carrier phase measurement 
In the last meeting, measurement reporting requirements for DL carrier phase measurement was discussed. Based on the discussion it was agreed to further study (agreement from RAN4#107 is copied below for reference) the issue and come back in RAN4#108.
Agreement:
FFS: When RSCP or RSCPD is reported together with legacy measurements, measurement reporting delay requirements for legacy measurements apply for CP measurements.
In previous meetings, it was discussed and agreed to define requirements for DL carrier phase measurement for RRC_INACTIVE state and RRC_CONNECTED state (MG based only). These measurements need to be reported to network (at least for UE assisted positioning), for which measurement reporting requirement needs to be specified. 
RAN1#112bis-e agreed to introduce DL RSCP and DL RSCPD as DL carrier phase measurements for positioning. It was further agreed by RAN1 that DL RSCP can be reported together with UE Rx-Tx time difference measurement and DL RSCPD can be reported together with RSTD measurement.
Agreements from RAN1#112bis-e
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 agreement above identifies three carrier phase measurement reporting scenarios:
· Scenario #1: carrier phase and legacy positioning measurements are reported together, i.e., DL RSCP together with UE Rx-Tx measurement and DL RSCPD together with RSTD measurement.
· Scenario #2: carrier phase measurement is reported together with new type of measurement. New type of measurement is FFS.
· Scenario #3: carrier phase measurement reported as an individual measurement. Individual reporting is FFS.
Among the list of scenarios above, RAN1 agreement from RAN1#112bis-e only supports scenario #1 and therefore RAN4 should focus measurement reporting requirement discussion for scenario #1 where UE performs carrier phase measurements together with legacy measurements, i.e., RSCPD together with RSTD and RSCP together with RSCP. Depending on the RAN1 progress RAN4 may discuss the applicable measurement reporting requirement for carrier phase measurements in scenario #2 and scenario #3. 
In scenario #1, where carrier phase measurement is performed together with legacy positioning measurements measurement reporting delay requirements for legacy measurements should apply for CP measurements, i.e., within a period carrier phase measurement and legacy positioning measurements are performed and reported together by the UE. 
Proposal 1: In a scenario where carrier phase measurement is reported together with legacy positioning measurement (i.e., RSCPD with RSTD and RSCP with UE Rx-Tx), measurement reporting delay requirements for legacy measurements apply for carrier phase measurements.

Impact of UE mobility
RAN4#106bis-e agreed to evaluate impact on carrier phase measurement requirement due to UE mobility. In RAN4#107 the issue was further discussed, and it was agreed to evaluate if mobility impact identified for  RRC_CONNECTED state in rel. 17 can be reused for carrier phase measurement in RRC_CONNECTED state.
Agreements (106bis-e):
· The impact on measurement requirements for NR DL CPP due to mobility procedures should be investigated and specified by RAN4 similar as done for Rel-16/Rel-17 positioning techniques.
Agreements (107):
· FFS: The mobility impact in RRC_CONNECTED in Rel-17 can also be reused.
As explained in the section before, RSCP measurement is performed by UE together with UE Rx-Tx and RSCPD measurement is performed by UE together with RSTD measurement. Since the carrier phase measurements are done together with legacy timing-based positioning measurements, the impact of UE mobility on RCSP measurement is no different than the impact of UE mobility on UE Rx-Tx measurement and impact of UE mobility on RSCPD measurement is no different than the impact of UE mobility on RSTD measurement. The mobility impact in RRC_CONNECTED in rel. 17 can therefore be reused for carrier phase measurement.
Proposal 2: Reuse rel. 17 requirements for mobility impact on UE Rx-Tx measurement in RRC_CONNECTED/RRC_INACTIVE state to define requirements for mobility impact on RSCP measurement period requirement.
Proposal 3: Reuse rel. 17 requirements for mobility impact on RSTD measurement in RRC_CONNECTED/RRC_INACTIVE state to define requirements for mobility impact on RSCPD measurement period requirement.

Measurement period requirements for DL RSCP/DL RSCPD: 
RAN4#107 discussed measurement period requirements for DL RSCPD and DL RSCP measurement and concluded the items below FFS (agreement from RAN4#107 copied below for reference).
Agreements:
· FFS: When DL RSCP/RSCPD is reported together with legacy positioning measurement, the same requirements should apply for DL RSCP/RSCPD and the associated legacy measurements.
· FFS whether to reuse the existing Rel-17 requirements based on RAN1 discussion on time window for CPP measurement. 
RAN1 agreed to introduce a time window to allow target UE and PRU perform carrier phase measurements simultaneously on the same PRS resource (agreement from RAN1#113 is copied below for reference). It is also worth recalling here that the UE is expected to perform carrier phase measurement together with the legacy positioning measurement and therefore the FFS items in the agreements above, in our view, are dependent to each other and RAN4 should wait until details of time window are settled by RAN1 and make a collective agreement to settle both issues together. Before the details of the time window for carrier phase measurement is understood, its impact on carrier phase measurement period requirement cannot be evaluated. 
Agreements from RAN1#113:
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 resource 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. 

Proposal 4: Measurement period requirement for the scenario where carrier phase measurement is reported together with legacy positioning measurements shall be discussed after the details of time window for carrier phase measurement is settled by RAN1.
  
Impact of collisions with other signals/channels in RRC_INACTIVE 
Impact of collisions of PRS resources with other signals/channels when UE is performing carrier phase measurement for positioning in RRC_INACTIVE state was discussed in the last meeting, and the following agreement was reached.
Agreements:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]FFS: The collision handling in RRC_INACTIVE state in Rel-17 can also be reused. 
In our view collision handing in RRC_INACTIVE state defined for other positioning measurements shall also apply to carrier phase measurement for positioning. When RSTD measurement is performed by UE together with RSCPD measurement then the collision rule for RSTD measurement should apply to RSCPD measurement and when RSCP measurement is performed together with UE Rx-Tx measurement then the collision rule for UE Rx-Tx measurement should apply to RSCP measurement. Since legacy solution supports a common collision handling for all positioning measurements, in our view the rel. 17 collision handling in RRC_INACTIVE can be reused to also specify collision handling between PRS resources and other signals/channels when UE is performing carrier phase measurements for positioning in RRC_INACTIVE state.
Proposal 5: The collision handling between PRS resources and other DL signals/channels for positioning measurement in RRC_INACTIVE state in Rel-17 is reused to define collision handling between PRS resources and other DL signals/channels for carrier phase measurement in RRC_INACTIVE state.
Performance part discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Report mapping for DL RSCP/RSCPD
RAN4#107 discussed issues related to DL RSCP/RSCPD measurement report mapping issue and agreed on the following:
Agreements:
· Reporting range: 
· [0, 360) degrees for DL RSCP.
· FFS for DL RSCPD. 
· Granularity is FFS
· Option 1: Fixed value
· Option 2: Up to NW configuration and UE capability
DL RSCPD is the difference of carrier phase measurement of a reference TRP and a target TRP with RF frequencies belonging to same PFL. Since this is a difference of carrier phase measurements, the reporting range should capture both positive and negative values. We therefore propose to support reporting range from -180 degrees to 180 degrees.
Proposal 6: Supported reporting range for DL RSCPD measurement is [-180, 180] degrees.
Reporting granularity of carrier phase measurement was also discussed in the last meeting. The discussion identified two options for further discussions as listed in the agreement above from RAN4#107. In our view option 2 is what is supported for legacy positioning measurements such as RSTD and UE Rx-Tx measurement and propose to support option 2 for carrier phase measurement reporting granularity also.
Proposal 7: Carrier phase measurement reporting granularity is up to network configuration and UE capability.
Report mapping for UL RSCP: 
Agreements:
· Same as DL RSCP. 
Simulation assumption for RSCPD: 
Agreements
· PRS configuration
· Reuse Rel-17 configuration of RSTD for RSCPD
· Side condition
· Reuse Rel-17 RSTD side condition for RSCPD
· Channel model: 
· AWGN
· TDL-A (30 ns delay spread, 5Hz Doppler spread)
· 2-tap model (same as for PRS-RSRPP)
· Number of samples: 
· Nsample = 1, 4
Other details can be found in R4-2310078 and its revision. 
Applicable number of measurement instances (106bis-e):
< Way forward >
Option 1: 
RAN4 to investigate and specify the measurement period, reporting, and accuracy requirements for DL CPP measurements, for the cases of a single and multiple measurement instances aligned to requirements for legacy positioning techniques in Rel-16 and Rel-17.
RAN4#107 agreed on simulation assumptions for DL RSCPD measurement accuracy. The simulation results are presented in our companion paper R4-2312733. Based on the simulation results the following observations can be made:
Observation 1: 4 sample DL RSCPD error in lower side condition and 1 sample DL RSCPD error in higher side condition are comparable to each other under AWGN and Two tap propagation conditions.
Proposal 8: RAN4 to specify measurement period, reporting, and accuracy requirements for DL RSCPD measurements, for the cases of a single and multiple measurement instances aligned to requirements for legacy positioning techniques in Rel-17 for AWGN and Two tap propagation conditions.
Summary
In this paper we presented our view on open issues related to carrier phase measurement-based positioning. The following observations and proposals summarize the discussion presented in this paper.

# Measurement reporting requirements for DL carrier phase measurement
Proposal 1: In a scenario where carrier phase measurement is reported together with legacy positioning measurement (i.e., RSCPD with RSTD and RSCP with UE Rx-Tx), measurement reporting delay requirements for legacy measurements apply for carrier phase measurements.

# Impact of UE mobility
Proposal 2: Reuse rel. 17 requirements for mobility impact on UE Rx-Tx measurement in RRC_CONNECTED/RRC_INACTIVE state to define requirements for mobility impact on RSCP measurement period requirement.
Proposal 3: Reuse rel. 17 requirements for mobility impact on RSTD measurement in RRC_CONNECTED/RRC_INACTIVE state to define requirements for mobility impact on RSCPD measurement period requirement.

# Measurement period requirements for DL RSCP/DL RSCPD
Proposal 4: Measurement period requirement for the scenario where carrier phase measurement is reported together with legacy positioning measurements shall be discussed after the details of time window for carrier phase measurement is settled by RAN1.

# Impact of collisions with other signals/channels in RRC_INACTIVE
Proposal 5: The collision handling between PRS resources and other DL signals/channels for positioning measurement in RRC_INACTIVE state in Rel-17 is reused to define collision handling between PRS resources and other DL signals/channels for carrier phase measurement in RRC_INACTIVE state.

# Report mapping for DL RSCP/RSCPD
Proposal 6: Supported reporting range for DL RSCPD measurement is [-180, 180] degrees.
Proposal 7: Carrier phase measurement reporting granularity is up to network configuration and UE capability.
Observation 1: 4 sample DL RSCPD error in lower side condition and 1 sample DL RSCPD error in higher side condition are comparable to each other under AWGN and Two tap propagation conditions.
Proposal 8: RAN4 to specify measurement period, reporting, and accuracy requirements for DL RSCPD measurements, for the cases of a single and multiple measurement instances aligned to requirements for legacy positioning techniques in Rel-17 for AWGN and Two tap propagation conditions.
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