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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 the previous RAN4 meetings 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
Firstly, we can continue to discuss the general principle to define the measurement period requirements for DL RSCP/DL RSCPD. the In the previous RAN1 meetings, it was agreed to introduce two types of NR carrier phase positioning measurements (RSCP and RSCPD) [2]: 

	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. 




Generally, 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 [3]. 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. 

	RAN1 Agreement [3]
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

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL





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.

However, in RAN1 the timing for measurement CPP was under discussion. And the details of the configuration of the indicated time window in RAN1 is still open. For an instance, if the measurement time window is different with that for the legacy PRS measurement per PRS resource, the requirements may be different. Thus, currently we are also fined to FFS on this issue upon RAN1’s further inputs.
	Agreement[3]
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



Alternatively, we can also propose that: 
Proposal 1a: FFS on whether to reuse the existing Rel-17 requirements based on RAN1 discussion on time window for CPP measurement.

Additionally, to mitigate the multipath impacts, the multipath indication was also agreed in the last RAN1 meeting[3].
	Agreement[3]
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.
Thus, we can suggest that:
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.

CPP Measurement report mapping
One of the fundamental issues for RAN4 is to define the measurement reporting mapping including the reporting granularity and range. And in the last meeting the following agreements were captured in [2].
	ssue 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
Issue 2-3-2: Report mapping for UL RSCP: 
Agreements:
· Same as DL RSCP. 




Hereby, we intend to further discuss the remaining issues above.
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 4: 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 5: The different report mapping tables shall be defined for RSCP and RSCPD given their reporting ranges are different.

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.
Proposal 1a: FFS on whether to reuse the existing Rel-17 requirements based on RAN1 discussion on time window for CPP 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.


CPP measurement report mapping
Proposal 4: For Rel18 CPP measurements, the reporting granularity for DL RSCP, DL RSCPD and UL RSRP should be configurable up to UE capability. 
Proposal 5: The different report mapping tables shall be defined for RSCP and RSCPD given their reporting ranges are different.
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