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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To further improve positioning accuracy, the following objectives on carrier phase positioning were identified:
	· 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 without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].



In this contribution, we further provide our views on carrier phase positioning based on the outcome of RAN1#112 meeting [2].

Carrier phase measurement and reporting
[bookmark: _Ref31533076]In RAN1#112 meeting, the following agreement on carrier phase measurement was made:
	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


There was a remaining open issue regarding the information that should be reported with the DL/UL carrier phase and/or DL carrier phase difference. 
For the new measurements, at least timestamp and measurement quality should be reported. In addition, for the DL carrier phase difference (CPD) measurement, based on the following agreed definition, which is similar as DL RSTD, the reference TRP ID, DL PRS resource set ID and/or DL PRS resource(s) ID should be reported if UE determines a different reference than that indicated by the network.
	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


Therefore, we propose that:
Proposal 1: The following information should be considered in the CPP measurement reporting:
· The timestamp
· The measurement quality
· Reference TRP / DL PRS resource set / DL PRS resource(s) ID

Carrier phase multipath mitigation
 In the last RAN1 meeting, the following agreement on the definition of carrier phase measurement was made:
	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
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


Based on the agreement, the DL/UL RSCP of i-th path is defined. In the note, there was a separate issue on whether only the first path or additional paths will be supported, which is related to carrier phase multipath mitigation. During the discussion in the last RAN1 meeting, companies shared different views on the necessity to consider the carrier phase of additional paths, and the latest intermediate proposal was as follows:
	[bookmark: _Toc128127614](H)(Round 1) Proposal 4-1 
Select one of the following options for NR carrier phase positioning: 
· Option 1: Report the carrier phase of the first path only
· Option 2: Report the carrier phase of the first path, and optionally, the additional paths


In our views, the benefits of providing carrier phase of additional paths are not clear. The reason is that the value range of carrier phase is [0, 2pi] and is repeated for every wavelength, to obtain the carrier phase of an additional path on top of the first path, the UE should be able to abstract additional paths within a wavelength. Suppose that the carrier frequency is 3.5GHz, the wavelength of the carrier is about 0.86cm. In this sense, it would be difficult for a UE to obtain carrier phase of additional paths. Therefore, we prefer to consider only the carrier phase of the first path.
Proposal 2: For NR carrier phase positioning, support only the carrier phase of the first path.


Differential carrier phase positioning
In RAN1#109-e meeting, the following agreement was made to consider the use of PRU in the evaluation of carrier phase positioning:
	Agreement
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.



The use of PRU, which is similar as the reference stations deployed for carrier phase based RTK positioning, can be adopted to estimate and mitigate the carrier phase synchronization errors  between TRPs.


For UE-assisted DL positioning, a PRU (which is a UE) that capable of performing carrier phase measurement will measure carrier phase and reported to LMF. LMF can then obtains the errors and compensate in location calculation. For UL positioning, the carrier phase measurement of a PRU is reported from gNB to LMF and LMF performs the compensation. For UE-based DL positioning, on the other hand, the LMF needs to provide the phase measurement errors to a target UE so that it can proceed with the compensation.
Proposal 3: For UE-based DL positioning, the phase errors between TRPs should be provided from LMF to a target UE.

Integer ambiguity
For the performance of the carrier phase positioning, one of the key issues that is identified is how to accurately and fast search the integer cycle of the carrier phase. In RAN1#112 meeting, the following agreements were achieved on such issue:
	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

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.


[bookmark: _GoBack]In our views, the most straightforward solution is to use the existing positioning method to provide the expected integer ambiguity and therefore narrows down the search space of the carrier phase measurement. Based on the agreement in the last RAN1 meeting, one FFS point is which legacy positioning measurements can be used, and we prefer to consider DL-RSTD, UL-RTOA, and gNB/UE Rx-Tx time difference.
Proposal 4: For NR carrier phase positioning, support to report carrier phase measurements together with DL-RSTD, UL-RTOA, and gNB/UE Rx-Tx time difference to LMF.

Conclusions
In this contribution, we provide our views on the carrier phase positioning, and the following proposals are made:
Proposal 1: The following information should be considered in the CPP measurement reporting:
· The timestamp
· The measurement quality
· Reference TRP / DL PRS resource set / DL PRS resource(s) ID
Proposal 2: For NR carrier phase positioning, support only the carrier phase of the first path.
Proposal 3: For UE-based DL positioning, the phase errors between TRPs should be provided from LMF to a target UE.
Proposal 4: For NR carrier phase positioning, support to report carrier phase measurements together with DL-RSTD, UL-RTOA, and gNB/UE Rx-Tx time difference to LMF.
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