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Introduction
In RAN #98 e-meeting, carrier phase positioning has been captured in NR_pos_enh2 [1]. In this contribution, we present our views on the issue.
	· 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].


Carrier phase measurement
	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
For UE-assisted NR carrier phase positioning, at least consider the following options 
· 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.
· the carrier phase measured from the DL PRS signal(s) of a TRP



For the carrier phase measurement, it is the fractional part of the propagation time as follows considering that the whole number of integer cycles between TRP and UE is not measurable. But, if UE has the capability to track the change of cycles, cycle slip information can be further discussed.
)                                                                                     
where, 
 is the carrier phase measurement
N is the number of integer cycles
 is the propagation time
Proposal 1: [bookmark: _Hlk115371308]
· [bookmark: _Hlk115371317]The carrier phase measurement is the phase of a fractional part of the propagation time.
Furthermore, based on the methods of estimating the carrier phase of the first path for multipath mitigation in our previous document [2],  the definition of carrier phase per path can be
· Option 1: the phase of center frequency at the first detected path in time

· Option 2: the phase of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, carrier phase for the 1st path delay is phase corresponding to the first detected path in time

[image: ]
Considering the definition of path RSRP, option 2 is preferred.
Proposal 2: [bookmark: _Hlk127376020] 
· Carrier phase measurement can be defined in time domain:
· the phase of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, carrier phase for the 1st path delay is phase corresponding to the first detected path in time
Carrier phase measurement reporting
In this section, we list a typical method to resolve integer ambiguity, and then we can find to resolve integer cycles also requires the assistance of timing-based measurement (e.g.,  ). In this case, the carrier phase positioning cannot be seen as a standalone positioning. 
Step 1: Estimate course integer cycles based on pseudo-range Rounding Algorithm or WLS(weight least squares)

Step 2: Search finer integer cycles to minimize the cost function based on brute force within a range of integer ambiguity.

So, the report of the carrier phase measurements should be together with the existing positioning measurements
Proposal 3: [bookmark: _Hlk127376027][bookmark: _Hlk115371391]
· The carrier phase positioning cannot be seen as a standalone positioning.
· The report of the carrier phase measurements should be together with the existing positioning measurements
Furthermore, for the carrier phase measurement vs the carrier phase difference measurement, both can be supported by associated different methods. For example, for UE-assisted positioning, the carrier phase difference can be adopted and reported with RSTD measurement. for gNB-assisted NR carrier phase positioning, the carrier phase can be adopted and reported with RTOA measurement.
Proposal 4: [bookmark: _Hlk127376039]
· For UE-assisted NR carrier phase positioning, the following measurement is supported
· 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
· For gNB-assisted NR carrier phase positioning, the following measurement is supported
· The carrier phase measured from the UL PRS signal(s) of a UE

[bookmark: OLE_LINK7]In addition, double-difference has been suggested for carrier phase measurement if PRU is supported. For us, we think the double-difference carrier phase measurement can be realized by implementation. For example, the gNB can report the carrier phase measurement of UE and PRU, and LMF can calculate double-difference carrier phase measurement by the implementation. So, for carrier phase measurement reporting, explicit double difference carrier phase measurement may not be needed.
Proposal 5: [bookmark: _Hlk127376045]
· For carrier phase measurement reporting, explicit double difference carrier phase measurement is not needed.
The UE-based carrier phase positioning
Based on the study of SID, the search range of the integer cycle ambiguity has a great influence on the positioning accuracy and complexity
In this case, providing a reasonable range of integer cycles may be helpful for UE-based carrier phase positioning if the LMF can. In addition, the PRU information can also help to improve the performance of UE-based carrier phase positioning.
So, we propose:
Proposal 6: [bookmark: _Hlk127376064]
· The additional information can be provided as assistance data for UE-based carrier phase positioning.
· Range of integer cycle
· PRU information(e.g., location, RSTD measurement, carrier phase measurement)
Conclusion
In this contribution, we discuss potential enhancement for carrier phase positioning with the following proposals.
Proposal 1: 
· The carrier phase measurement is the phase of a fractional part of the propagation time.
Proposal 2: 
· Carrier phase measurement can be defined in time domain:
· the phase of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, carrier phase for the 1st path delay is phase corresponding to the first detected path in time
Proposal 3: 
· The carrier phase positioning cannot be seen as a standalone positioning.
· The report of the carrier phase measurements should be together with the existing positioning measurements
Proposal 4: 
· For UE-assisted NR carrier phase positioning, the following measurement is supported
· 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
· For gNB-assisted NR carrier phase positioning, the following measurement is supported
· The carrier phase measured from the UL PRS signal(s) of a UE
Proposal 5: 
· For carrier phase measurement reporting, explicit double difference carrier phase measurement is not needed.
Proposal 6: 
· The additional information can be provided as assistance data for UE-based carrier phase positioning.
· Range of integer cycle
· PRU information(e.g., location, RSTD measurement, carrier phase measurement)
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