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Introduction
RAN4 continued discussing requirements for carrier phase positioning (CPP) in RAN4#108. New agreements and open issues were captured in a WF [1].
In this paper we provide our views and proposals on core requirements for CPP measurements.
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 [4]. 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 [4].
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 [4]. 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
In RAN4#108, the following agreement was reached regarding the measurement period requirement for DL RSCP/RSCPD [1]. It is clear that the same requirement will be applied to both carrier phase and timing-based measurements that are reported together. Now RAN4 needs to address the details of the requirement.
Issue 2-1-1: PRS measurement period requirements for DL RSCP/DL RSCPD
Agreements:
· RSCP/RSCPD is reported together with other positioning measurement(s) and the same measurement period requirement (i.e., Rx-Tx time difference/RSTD measurements) should apply.
· FFS: whether the existing Rx-Tx time difference/RSTD measurement periods apply

The FFS above considers whether the legacy measurement period defined for RSTD and UE Rx-Tx can be applied also when CPP measurements are requested together with the timing-based measurements. In our view it is not possible to apply the legacy requirement without modification.
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 [4]. 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.
Recent RAN1 agreements and LS clarify the importance of the time window and its applicability to carrier phase measurements and to other (e.g. timing-based) positioning measurements [2, 6]. 
Agreement
Endorse the following RAN1 reply on PRU procedures

RAN1 reply:
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
Note: The enhancements might or might not have RAN1 specification impact.

In above reply, RAN1 indicated that RAN1 would continue the discussions on the enhancements that are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

In this LS, RAN1 informs SA2 that RAN1 has continued the discussion, and reached the following agreements related to the support of simultaneous measurements of the same DL-PRS for multiple UEs and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

Furthermore, it is RAN1’s understanding that the simultaneous measurements/transmissions for multiple UEs, including a target UE and a PRU, is closely relatedapplicable to RAN1’s on-going work related to NR carrier phase positioning, and is also applicable to the remaining uplink and downlink positioning measurements and methods. Therefore, RAN1’s agreements related to the NR carrier phase positioning are provided in Section 4 in this LS for information.



Agreement
When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements are obtained from a single DL PFL only. 
Note: From RAN1’s perspective, the reporting of the carrier phase measurements from one DL PFL has no impact on the reporting of the DL RSTD and/or UE Rx – Tx time difference measurements from the same DL PFL or other DL PFLs.


Based on the above RAN1 agreements, we confirm the following:
· DL RSCP/RSCPD measurements are obtained from a single PFL only, even when multiple PFLs are configured for other positioning measurements.
· The time window 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 within the time window.
Proposal 6: The measurement requirements for CPP (i.e. legacy measurements plus carrier phase measurements) shall apply to PRS resource instances occurring within the time window(s) indicated by the LMF.
Proposal 7: 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.
· DL RSCP/RSCPD measurement requirements apply to PRS resources on the indicated PRS resource sets within a single PFL.
·  only counts PRS resource instances within the indicated time window(s).
· For single (non-periodic) time window, the start of the measurement period is delayed until the start of the time window.
· FFS how to modify the requirement when a periodic time window is provided.
· FFS if any modifications are needed due to new UE capabilities defined by RAN1.
Proposal 8: RAN4 to discuss requirements for legacy Rel-16/17 NR positioning measurements (without CPP) when the LMF configures time window(s) to perform the measurements.
 Simulation assumptions
RAN1 has agreed that each DL RSCP/RSCPD measurement should be obtained from a single sample [2]. Therefore, RAN4 should prioritize accuracy requirements for CPP measurements based on single sample. 
Agreement
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.


Proposal 9: Prioritize defining CPP measurement accuracy requirements for single sample measurements.


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 requirements for CPP (i.e. legacy measurements plus carrier phase measurements) shall apply to PRS resource instances occurring within the time window(s) indicated by the LMF.
Proposal 7: 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.
· DL RSCP/RSCPD measurement requirements apply to PRS resources on the indicated PRS resource sets within a single PFL.
·  only counts PRS resource instances within the indicated time window(s).
· For single (non-periodic) time window, the start of the measurement period is delayed until the start of the time window.
· FFS how to modify the requirement when a periodic time window is provided.
· FFS if any modifications are needed due to new UE capabilities defined by RAN1.
Proposal 8: RAN4 to discuss requirements for legacy Rel-16/17 NR positioning measurements (without CPP) when the LMF configures time window(s) to perform the measurements.
Proposal 9: Prioritize defining CPP measurement accuracy requirements for single sample measurements.
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