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Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1] was approved. 
One of objectives for the core part in RAN4 is to specify requirements for the carrier phase positioning measurements: 
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based. UE-assisted positioning, and NG-RAN node assisted [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 and procedures  [RAN4].



And in last RAN4 meeting the high-level general aspects of this WI was agreed in [2].  In this contribution we will provide further considerations on RRM requirements for Rel18 carrier phase positioning on latest RAN1’s agreements [3].
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NR DL carrier phase measurement
In last RAN1 meeting, it was agreed to introduce two types of NR carrier phase positioning measurements [3]:
	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
1. DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
0. FFS: The detailed definition of the DL CP
1. DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
1. FFS: The detailed definition of the DL CPD




And further agreements on these measurement definitions themselves in RAN1 was agreed as below [3]. It was concluded that there are two DL carrier phase measurements. One is to define the carrier phase from the DL PRS signal(s) of single TRP, and the other to calculate the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP.
	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



Hence in RAN4, the new requirements for these two new measurements shall be defined. However, in order to overcome the issue of integer ambiguity issue, RAN1 also agreed to report carrier phase measurements together with the legacy positioning measurements to LMF. For instances, RSCPD can be reported jointly with DL RSTD and RSCP with DL RSRP. Thus in our understanding, it needs  NOT to report RSCPD and RSCP individually. 

	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




Observation 1: If CPP measurements are reported with other legacy measurements, the existing reporting delay requirements for the legacy UE PRS measurement can be reused for them.
For an example, if RSCPD needs to report with RSTD together which provide the integer part of ToA estimation, the same measurement reporting delay requirements in clause 9.9.2 of TS38.133 [4] shall be applied for both. 

Therefore, we can propose that:
Proposal 1: If RSCPD/RSCP being reported with other legacy measurements together, RAN4 can define the measurement reporting delay requirements for them with the existing requirements for the associated legacy measurement.

To mitigate the multipath impacts, the multipath indication was also agreed in the last RAN1 meeting.
	Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.


Observation 2: in Rel17, there is obvious performance degradation in NLOS channel in comparison with these in LOS.

Proposal 2:  RAN4 can FFS on the different the accuracy requirements for the carrier phase measurements under the different LOS/NLOS channel conditions. 
NR UL carrier phase measurement
In last RAN1 meeting, it was agreed to introduce NR UL carrier phase positioning measurement [3]:
	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




For the NG-RAN node assisted NR carrier phase positioning, at least RAN4 needs define the performance requirements for gNB also. Thus, we can propose that:
Proposal 3:  The gNB accuracy measurement requirements of UL RSCP NG-RAN node assisted positioning shall be defined.

SINR side condition
In WID, it states that “Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements”.  Therefore, for the SINR side condition for the NR carrier phase measurement, we assume the same ones as Rel16/17 positioning measurement with PRS can be reused. For an example, in RRC_CONNECT state, -6dB and -3dB for RSTD can be applied for RSCPD.
Proposal 4: SINR side condition for the NR carrier phase measurement can be same as these for Rel16/17 positioning measurement with PRS.
CPP Measurement report mapping
One of the fundamental issues for RAN4 is to define the measurement reporting mapping including the reporting granularity and range. 
According to the definition of CPP measurements, we can propose that:
Proposal 5: For DL RSCP and UL RSCP the reporting range shall be should be [0, 2pi], whereas for DL RSCPD, it should be [-pi, pi].

In CPP positioning measurements, in order to support different using scenarios the dynamic range and resolution of timing measurements may have large difference for different application scenarios. Therefore, the reporting granularity for CPP could be configurable also. 
Proposal 6: For Rel18 CPP measurements, the reporting granularity for DL RSCP, DL RSCPD and UL RSRP should be configurable up to UE capability. 
Meanwhile, the reporting range of the RSCP and RSCPD are different. For an example, [0,2pi] and [-pi,pi] for them respectively. 
Proposal 7: The different report mapping tables shall be defined for RSCP and RSCPD.

Conclusion
This contribution provided further RRM impacts on the following aspects of Rel18 WI of “Expanded and Improved NR Positioning” given the current physical layer design.
NR DL carrier phase measurement
Observation 1: If CPP measurements are reported with other legacy measurements, the existing reporting delay requirements for the legacy UE PRS measurement can be reused for them.
Proposal 1: If RSCPD/RSCP being reported with other legacy measurements together, RAN4 can define the measurement reporting delay requirements for them with the existing requirements for the associated legacy measurement.
Observation 2: in Rel17, there is obvious performance degradation in NLOS channel in comparison with these in LOS.
Proposal 2:  RAN4 can FFS on the different the accuracy requirements for the carrier phase measurements under the different LOS/NLOS channel conditions. 

NR UL carrier phase measurement
Proposal 3:  The gNB accuracy measurement requirements of UL RSCP NG-RAN node assisted positioning shall be defined.

SINR side conditions

Proposal 4: SINR side condition for the NR carrier phase measurement can be same as these for Rel16/17 positioning measurement with PRS.

CPP measurement report mapping
Proposal 5: For DL RSCP and UL RSCP the reporting range shall be should be [0, 2pi], whereas for DL RSCPD, it should be [-pi, pi].
Proposal 6: For Rel18 CPP measurements, the reporting granularity for DL RSCP, DL RSCPD and UL RSRP should be configurable up to UE capability. 
Proposal 7: The different report mapping tables shall be defined for RSCP and RSCPD.
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