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1 Introduction
In RAN#98e meeting, the SI for R18 positioning evolution was completed and the following WI was set up in [1]. The objective of this work item is to specify solutions to introduce sidelink ranging/positioning, to introduce integrity for RAT-dependent positioning methods, to enable LPHAP use-case 6 defined in TS 22.104, to improve positioning accuracy, and to introduce support of positioning for RedCap UEs. 
In last meeting, RAN4 has discussed general RRM impact of the above aspects with conclusions captured in [2]. RAN1#112 meeting has also discussed the work item and the agreements were captured in [3]. In this paper, we further discuss the potential RRM requirements for carrier phase positioning based on RAN1 progress. 
2 Discussion
Based on the following objectives for carrier phase positioning, RAN4 needs to define the requirements for CPP in both connected and inactive state and the requirements in R17 can be starting point since the existing DL PRS and UL SRS are used for CPP measurements. For connected state, the requirements for measurement with gap can be baseline and for inactive state, the requirements for measurement without gap can be baseline since there is no measurement gap configured. 
	· Specify physical layer measurements and signalling 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 with measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


Proposal 1: RAN4 to define requirements for CPP in both connected and inactive state. 
Proposal 2: For measurement requirement for CPP, the requirements for measurement with gap in RRC_CONNECTED state and the requirements for measurement without gap in RRC_INACTIVE state in R17 can be baseline. 
From the following latest RAN1 agreement, DL RSCP and DL RSCPD measurement are defined for UE-based and UE-assisted NR carrier phase positioning (CPP), and UL RSCP measurement is defined for NG-RAN node-assisted NR carrier phase positioning (CPP). But it has not been decided in RAN1 whether to introduce DL RSCP or DL RSCPD into TS 38.215. Similar as R16/17 positioning, RAN4 needs to define the measurement requirements and accuracy requirements for these DL measurements if they are introduced in RAN1 and no need to define measurement requirements for UL RSCP measurement. 
Proposal 3: RAN4 to define measurement requirements and accuracy requirements for DL RSCP/DL RSCPD measurement if they are introduced in RAN1. 
Proposal 4: RAN4 not to define measurement requirements for UL RSCP measurement and FFS for accuracy requirements. 
	Agreements in RAN1#112 meeting: 
Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP
Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP
Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE


In last RAN4 meeting, it was agreed that the requirements for carrier phase positioning measurement will be defined for single carrier/PFL. But based on the above RAN1 agreements, the RSCP measurement is associated with a specific RF frequency, not exactly equal to a carrier in some cases. So the measurement requirements for RSCP should be defined for each RF frequency. And RAN4 needs to discuss whether to define the requirements for multiple RF frequencies. 
On the other hand, besides the NR DL reference signal carrier phase (RSCP) (of i-th path) measurement, RAN1 also defined the NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP which is the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP. In our understanding, although the measurement is limited to single carrier/PFL, the RF frequencies for target TRP and reference TRP can be different. 
Proposal 5: The basic measurement requirement for DL RSCP is defined for each RF frequency. And RAN4 to discuss whether to define measurement requirements for multiple RF frequencies. 
Proposal 6: The RF frequencies for target TRP and reference TRP in RSCPD measurement can be different. 
In RAN1#112 meeting, RAN1 has also reached the following agreement, for the case when the carrier phase measurement is reported together with legacy measurements, the measurement requirements should be same. 
	Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements


Proposal 7: For the case when the carrier phase measurement is reported together with legacy measurements, the measurement requirements should be same. 
In R17 positioning, the accuracy requirements are defined for both AWGN and fading channel. For accuracy requirements for CPP, RAN4 needs to evaluate the accuracy for both AWGN and fading channels and to decide which fading channel to be used for specifying the CPP accuracy requirements in addition to AWGN channel. During the evaluation, the PRS configurations in R17 can be baseline. 
Proposal 8: RAN4 to decide which fading channel to be used for evaluating and specifying the CPP accuracy requirements in addition to AWGN channel. 
3 Summary
In this paper, we discuss the RRM aspects on carrier phase positioning and the following proposals are given: 
Proposal 1: RAN4 to define requirements for CPP in both connected and inactive state. 
Proposal 2: For measurement requirement for CPP, the requirements for measurement with gap in RRC_CONNECTED state and the requirements for measurement without gap in RRC_INACTIVE state in R17 can be baseline. 
Proposal 3: RAN4 to define measurement requirements and accuracy requirements for DL RSCP/DL RSCPD measurement if they are introduced in RAN1. 
Proposal 4: RAN4 not to define measurement requirements for UL RSCP measurement and FFS for accuracy requirements. 
Proposal 5: The basic measurement requirement for DL RSCP is defined for each RF frequency. And RAN4 to discuss whether to define measurement requirements for multiple RF frequencies. 
Proposal 6: The RF frequencies for target TRP and reference TRP in RSCPD measurement can be different. 
Proposal 7: For the case when the carrier phase measurement is reported together with legacy measurements, the measurement requirements should be same. 
Proposal 8: RAN4 to decide which fading channel to be used for evaluating and specifying the CPP accuracy requirements in addition to AWGN channel. 
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