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Introduction
RAN4 continued discussing requirements for carrier phase positioning (CPP) in RAN4#107. New agreements and open issues were captured in a WF [1].
In this paper we provide our views and proposals on open issues based on progress in RAN1.
Discussion
 General
Let us begin the discussion by reviewing agreements regarding the definition of measurements for CPP. RAN1 has defined two types of carrier phase measurements [2]. DL RSCP is a measurement of absolute carrier phase, while DL RSCPD is a differential phase measurement. Thus far, CPP measurements can be reported as secondary/supplementary positioning measurements. DL RSCP can be reported with UE Rx-Tx for multi-RTT positioning, and DL RSCPD can be reported with RSTD for DL-TDOA. It has not been agreed to support reporting of stand-alone CPP measurements.
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.
Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_ INACTIVE state


Proposal 1: Do not define requirements for DL RSCP reported with RSTD.
Proposal 2: Do not define requirements for DL RSCPD reported with UE Rx-Tx.
Proposal 3: RAN4 will not discuss requirements for stand-alone CPP measurements unless RAN1 agrees first to support such measurements.
Since RSCP is an absolute carrier phase measurement, subject to unknown, variable carrier phase offset resulting from multiple sources at the UE and TRP, it is not practical to define absolute accuracy requirements for such measurements.
Proposal 4: Do not define absolute measurement accuracy requirements for DL RSCP.
RAN1 has also agreed to not support carrier phase measurements without measurement gaps in Rel-18, consistent with the scope of the WID [2].
Conclusion
From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.


Observation 1: UE carrier phase measurements in RRC_CONNECTED state without measurement gaps are not supported in Rel-18.
Regarding the applicable RF frequencies for CPP measurements, RAN1 has agreed that for both DL/UL measurements the default assumption is the center frequency of the PFL [2]. There are no RAN1 agreements to date enabling CPP measurements to be performed over multiple sub-bands/frequencies within a PFL or carrier. For now, RAN4 should follow the current RAN1 agreement of CPP measurements performed over the whole PFL/carrier bandwidth.
Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.
Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Issue 2-1-3: Applicable RF frequencies for DL carrier phase measurement requirements: 
Agreements:
· For RSCP measurement: 
· The measurement is associated with the specific RF frequency. 
· This specific RF frequency is the center frequency of the DL PFL by default.
· For RSCPD measurement: 
· RF frequencies for target TRP and reference TRP should belong to same PFL. 
· RAN4 will define the requirements starting from the same RF frequency for target and reference TRP.  


Proposal 5: RAN4 will not discuss requirements for CPP measurements performed for multiple frequencies within a PFL/carrier unless RAN1 agrees first to support such measurements.

 Measurement period
Due to the need to eliminate/mitigate various sources of error impacting CPP measurements, RAN1 considers that it is necessary to coordinate measurements/transmissions between target UE and PRU and between TRPs involved in positioning methods relying on CPP measurements. That is the motivation for introducing a time window indication in the request for CPP measurements in the below RAN1 agreement [2]. In our view, this enhancement is essential (not merely a nice to have) to enable practical use of CPP measurements. Measurement requirements for CPP should be formulated accounting for the time window indication from the LMF.
In the latest RAN1 agreements below, the following points are clarified:
· When carrier phase measurements are requested from the UE, the LMF will request the UE to “perform measurements on indicated DL PRS resource sets within indicated time window(s).”
· The time window and indication of DL PRS resource sets applies to the legacy measurements (i.e. RSTD or Rx-Tx) and to the carrier phase measurements. i.e. all measurements reported in response to the LMF request are performed exclusively on the indicated DL PRS resource sets, within the time window.
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
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


Note that since carrier phase measurements are only supported for a single PFL, the implication is that the indicated DL PRS resource sets are contained within a single PFL. By extension, when carrier phase measurements are requested by the LMF, all measurements are performed within a single PFL.
To summarize, when carrier phase measurements are requested from the UE, measurement requirements apply only to indicated PRS resource sets within a single PFL and PRS resource instances that occur within the indicated time window(s).

Issue 2-1-1: Measurement period requirements for DL RSCP/DL RSCPD: 
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. 


Proposal 6: The measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) shall be defined for a single PFL.
Proposal 7: The measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) shall apply to PRS resource instances in the indicated PRS resource sets, occurring within the time window(s) indicated by the LMF.
Proposal 8: As a baseline, define the measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) as follows:
· Leverage the measurement period formulas from Rel-16/17 with number of PFLs set to L = 1.
· The requirement applies to PRS resources contained in the indicated PRS resource sets.
·  only counts PRS resource instances within the indicated time window(s).
· FFS if additional modifications are needed as a result of pending RAN1 agreements (e.g. new UE capabilities).
In addition above proposals, we understand RAN4 should prioritize accuracy requirements for CPP measurements based on single sample. We do not consider it practical to specify accuracy requirements assuming joint processing of multiple samples. While multi-sample processing may be enabled with additional assumptions or information (e.g PEG association), such information is likely to be available only after the measurements have been performed. E.g. whether carrier phase continuity can be assumed across multiple transmissions of a RS resource. Additional information may be provided to the location server (or positioning engine) after measurements are reported. It can be left up to location server implementation whether and how to leverage side information to perform joint processing of multiple measurements reported by the UE, PRUs and TRPs.
Issue 2-1-5: Applicable number of measurement instances 
< 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. 


Proposal 9: Prioritize defining CPP measurement accuracy requirements for single sample measurements. Defining measurement period requirements for number of samples greater than one is not precluded.


Other
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2-3-1: Report mapping for DL RSCP/RSCPD: 
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


Proposal 10: Define the reporting range for RSCPD as [0, 360) degrees.
Proposal 11: Define variable reporting granularity for RSCP/RSCPD, similar to the ‘k’ factor for RSTD and Rx-Tx. FFS the specific granularity values.
Conclusions
Proposal 1: Do not define requirements for DL RSCP reported with RSTD.
Proposal 2: Do not define requirements for DL RSCPD reported with UE Rx-Tx.
Proposal 3: RAN4 will not discuss requirements for stand-alone CPP measurements unless RAN1 agrees first to support such measurements.
Proposal 4: Do not define absolute measurement accuracy requirements for DL RSCP.
Observation 1: UE carrier phase measurements in RRC_CONNECTED state without measurement gaps are not supported in Rel-18.
Proposal 5: RAN4 will not discuss requirements for CPP measurements performed for multiple frequencies within a PFL/carrier unless RAN1 agrees first to support such measurements.
Proposal 6: The measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) shall be defined for a single PFL.
Proposal 7: The measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) shall apply to PRS resource instances in the indicated PRS resource sets, occurring within the time window(s) indicated by the LMF.
Proposal 8: As a baseline, define the measurement period requirement for CPP (i.e. legacy measurements plus carrier phase measurements) as follows:
· Leverage the measurement period formulas from Rel-16/17 with number of PFLs set to L = 1.
· The requirement applies to PRS resources contained in the indicated PRS resource sets.
·  only counts PRS resource instances within the indicated time window(s).
· FFS if additional modifications are needed as a result of pending RAN1 agreements (e.g. new UE capabilities).
Proposal 9: Prioritize defining CPP measurement accuracy requirements for single sample measurements. Defining measurement period requirements for number of samples greater than one is not precluded.
Proposal 10: Define the reporting range for RSCPD as [0, 360) degrees.
Proposal 11: Define variable reporting granularity for RSCP/RSCPD, similar to the ‘k’ factor for RSTD and Rx-Tx. FFS the specific granularity values.
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