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Introduction
RRM impacts for Rel-18 positioning are discussed in RAN4#106, and the outcomes are captured in [1]. One objective is to support carrier phase positioning (CPP).
In this paper we will provide our views on RRM requirements for CPP.
Discussion
RAN1 agreements
RAN1 has made several agreements related to CPP. 
One set of agreements are related to the measurement definition. For DL, two candidate measurements RSCP and RSCPD are under consideration. For UL, RSCP will be defined.
	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP

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



Another set of agreements is related to report of carrier phase measurement. So far, no new positioning techniques are introduced, and carrier phase measurement can be reported together with the legacy positioning measurements.
	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


Yet another set of agreements is related to integer ambiguity, and different options are considered which have different impacts on the reporting quantities.  
	Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.


RAN4 requirements
Based on our understanding of the RAN1 agreements, carrier phase measurement can be viewed as another measurement quantity, similar to existing measurement quantities like RSTD, Rx-Tx, RSRP(P). For PRS measurement, the requirements for different measurement quantities are very similar, and we do not clear see major difference for carrier phase measurement. 
Of course, some adaptations may be needed, e.g. in last meeting it is agreed that requirements are defined for single PFL only. Also, in last meeting some companies mentioned that requirements may be defined with single or multiple samples. We think it is a valid point to discuss, e.g. whether it is possible to combine phase measurement across multiple samples considering the random phase offset at each sample. In our view, combining across sample might be possible for RSCPD but not for RSCP. For RSCPD, RAN4 may also need to discuss whether it is possible to derive the measurement if two PRS resources for the two TRP are not received in the same time, e.g. the applicable PRS configurations may need to be discussed. 
[bookmark: _GoBack]Proposal 1: Current core requirements for PRS measurement are used as baseline for carrier phase measurement. Adaptations can be FFS e.g. sample number and applicable PRS configuration.
In last meeting, some companies propose to define CPP requirements for both CONNECTED and INACTIVE states. As mentioned above, carrier phase is just another measurement quantity, so considering we already have INACTIVE requirements for other quantities, it is straightforward to also define carrier phase measurements for both RRC states. 
Proposal 2: Core requirements for PRS carrier phase measurement are defined for both CONNECTED and INACTIVE states.
In last meeting, some companies propose to define CPP measurement requirements for both UE and gNB. For gNB part, in Rel-16 and Rel-17 no core requirements are defined, and it is straightforward to follow the same principle. For the accuracy requirements, gNB requirements are defined for SRS-RSRP and Rx-Tx but not for AoA or UL-RTOA. More study may be needed to decide whether to define accuracy requirements, e.g. we need to know how carrier phase measurement is to be used in different positioning techniques. 
Proposal 3: No core requirements are defined for gNB carrier phase measurement. FFS whether to define accuracy requirements in the Performance part.
Conclusions
In this paper we provided our views on RRM requirements for CPP.
Proposal 1: Current core requirements for PRS measurement are used as baseline for carrier phase measurement. Adaptations can be FFS e.g. sample number and applicable PRS configuration.
Proposal 2: Core requirements for PRS carrier phase measurement are defined for both CONNECTED and INACTIVE states.
Proposal 3: No core requirements are defined for gNB carrier phase measurement. FFS whether to define accuracy requirements in the Performance part.
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