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Introduction
[bookmark: OLE_LINK1]In RAN1#109-e, technical discussions on a new study item on “expanded and improved NR positioning” was started. For the improved accuracy based on NR carrier phase measurement, the following agreements were made [1].
	[bookmark: _Hlk83924038]Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.

Agreement
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.

Agreement
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include:
· UE-based and UE-assisted carrier phase positioning,
· UL carrier phase positioning and DL carrier phase positioning.
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI 

Agreement
· The impact of multipath for the carrier phase positioning will be evaluated during the SI 
· The methods of mitigating the impact of multipath for the carrier phase positioning will be studied during the SI, if it is considered to be necessary after the evaluation.

Agreement
· Reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning
· Note: Optional modification of the simulation assumptions defined in NR Rel-16/17 are allowed only if needed. 
· The evaluation scenarios:
· Baseline: InF-SH, InF-DH
· Optional: IOO, Umi, Highway
· Note 1: Other evaluation scenarios are not precluded.
· Note 2: Existing Rel-17 DL/UL reference signals in Uu interface is to be used for the Highway scenario.
· Frequency range: 
· Baseline: FR1
· Optional: FR2

Agreement
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation:
· Phase noise (FR2)
· CFO/Doppler
· Oscillator-drift
· Transmitter/receiver antenna reference point location errors
· Transmitter/receiver initial phase error
· Phase center offset
· Note: Other error sources are not precluded
· Note: UE mobility can be considered in the evaluations
· Note: one or more error sources can be evaluated jointly
· Note: companies should provide the error sources model with their evaluations

Agreement
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 

Agreement
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.


In this contribution, we share the view on improved accuracy based on NR carrier phase measurement.
Discussions
In RAN1#109-e, the following agreement was made to share the basic understanding on what the carrier phase measurement for NR is. However, there were different views on what kinds of carrier phase measurement based positioning can be studied.
	Agreement
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 



Phase-Difference for DL-AOD
In RAN1#109-e, several companies proposed studying enhancement of DL-AOD by reusing UE’s phase-difference measurement ability which is essential for the carrier phase measurement. More specifically, the proposal is that the UE capable of the carrier phase measurement obtains the phase difference of the signals from different TRP antennas.
However, our view is that this feature is no longer the carrier phase measurement which is captured in the SID. Since this is not in the scope of the study, we suggest not discussing it in RAN1.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 1: 
· Do not consider the phase-difference measurements for DL-AoD.

Phase-Difference for TOA
[bookmark: _Hlk110022403]In RAN1#109-e, there was the company which proposed introducing subcarrier-level phase difference report. As FL mentioned in [2], phase differences in frequency domain may be used for TOA estimation in Rel-16, but whether to take this approach is up to the implementation, since no report of phase differences in frequency domain is supported. If the purpose of subcarrier-level reporting is to eliminate the integer ambiguity, this is not the only option. This solution can be discussed under the integer ambiguity issue but with low priority.
Proposal 2: 
· Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.

Phase-smoothed timing measurements
In RAN1#109-e, there was the company which proposed introducing combination of POA and TOA reporting to improve the performance by the smoothing. During the discussions in RAN1#109-e, many companies pointed out that this can be realized by the implementation, e.g. configuring both carrier phase measurement and the Rel-17 method. In our view, it is up to proponents to provide evaluation results based on this proposed enhancement. But, it is clarified what kind of enhancement on the signaling is needed.
Observation 1: 
· Phase-smoothed timing measurements can be done by configuring both Rel-18 carrier phase measurement and Rel-17 method.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: 
· Do not consider the phase-difference measurements for DL-AoD.
Proposal 2: 
· Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.
Observation 1: 
· Phase-smoothed timing measurements can be done by configuring both Rel-18 carrier phase measurement and Rel-17 method.
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