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The study item on expanded and improved NR positioning was completed and the results of study are captured in TR 38.859 [1]. Based on the conclusions maded in the SI, a new work item was approved on expanded and improved NR positioning was approved [2], whih includes the following objectives related to carrier phase positioning (CPP):

· 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].

According to the WI schedule, RAN1 begins working on the aforementioned objective during this meeting. The purpose of this contribution is to provide a summary of the discussions pertaining to the objective, mainly based on the contributions that were submitted (contributions [3-24]).
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· NR carrier phase measurements and reporting
· Definition of NR carrier phase measurements
· CPP Multipath mitigation
· Differential CPP and PRU
· Integer Ambiguity
· Phase error group
· Antenna Phase Centre
· Carrier Phase in DC subcarrier
· PRB allocation configuration and assistance data
· UE Measurement Capability
· Phase-smoothed timing measurements
· CPP Reference Signals
· Round trip carrier phase positioning
· TRP time synchronization

Please note that in this FL summary, FL proposals may be designated as (H)(M)(L) to indicate their high, medium, or low priority for online or offline discussions during the meeting. Nevertheless, we encourage all interested companies to provide feedback on all FL proposals. The FL may revise the priority of the proposals based on input from interested companies during the meeting, if deemed necessary
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[bookmark: _Toc128127605]NR carrier phase measurements and reporting
Background

	TR 38.859
6.3.1.2 Physical layer measurements for NR carrier phase positioning
The study of the accuracy improvement based on NR carrier phase measurements includes:
-	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.
For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
-	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 UL UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.

[bookmark: _Toc128127606]6.3.3	Potential specification impact for NR carrier phase positioning
…..
Regarding the physical layer measurements for NR carrier phase positioning:
-	New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
-	For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
-	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 UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
NOTE: This proposal does not imply which carrier phase measurements are mapped to which positioning technique.





Submitted Proposals:

	Huawei, HiSilicon [3]
	Proposal 1: For UE-assisted NR carrier phase positioning, phase difference between the target TRP and reference TRP can be reported from UE to LMF.
Proposal 5: For NG-RAN node assisted NR carrier phase positioning, carrier phase measurement by a TRP (without differentiation to another TRP) can be reported from gNB to LMF.
Proposal 6: Phase measurement associated with an SRS port for MIMO SRS is supported.
Proposal 7: A carrier phase measurement should be associated with a reported RF frequency information, which may correspond to the frequency of a subcarrier.

	Spreadtrum [4]
	Proposal 1: For DL carrier phase positioning, two methods of reporting carrier phase should be supported.


	OPPO [5]
	Proposal 1: In the RSTD measurement report, the UE also report the differential carrier phase measurement of one TRP with reference to the reference TRP. 
Proposal 2: In UE Rx-Tx time difference reporting and PRS RSRP reporting, the UE reports the carrier phase measurement of the corresponding PRS resource of each TRP.

	vivo[6]
	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

	Xiaomi[8]
	Proposal 1: Support UE to report carrier phase of each PRS or the carrier phase difference between PRS from reference TRP and target TRP.

	CATT[9]
	Proposal 8: NR DL carrier phase measurements (DL ICP/ACP) and NR DL carrier phase difference measurement (DL ICPD/ACPD) can be reported per symbol, or per resource.
Proposal 9: NR DL carrier phase measurement (DL ICP/ACP) and NR DL carrier phase difference measurement (DL ICPD/ACPD) should be reported together with the following information:
· Absolute carrier frequency ;
· Subcarrier index k;
· Measurement time (or timestamp) t;
· RSTD (optional).
Proposal 10: If both DL ICP/ACP and DL ICPD/ACPD are supported by a UE, support LMF to send an indicator to indicate the UE whether to report DL ICP/ACP or DL ICPD/ACPD.
Proposal 16: NR UL carrier phase measurements (UL ICP/ACP) can be reported per symbol, or per resource. 
Proposal 17: NR UL carrier phase measurement (UL ICP/ACP) should be reported together with the following information:
· Absolute carrier frequency ;
· Subcarrier index k ;
· Measurement time (or timestamp) t;
· RTOA (optional).
Proposal 18: Support LMF to request a gNB to report NR UL ICP or ACP.

	ZTE[12]
	Proposal 8: Support UE/TRP reporting phase measurement quality.

	Intel[13]
	Proposal 3
· For DL CPP, for UE-assisted positioning, support reporting of DL-RSPD from a UE to LMF, similar to RSTD reporting.
· For UL CPP, for NG-RAN-assisted positioning, support reporting of UL-RPOA from a measuring gNB to LMF, similar to RTOA reporting.
· The reported carrier phase can range between 0 and 360 degrees.

	LGE[15]
	Proposal 3: Discuss method for determining the carrier frequency for phase measurements, including details about signaling and reporting.

	InterDigital[16]
	Proposal 1: For DL-based positioning, support both reporting of the carrier phase measurements together with the existing positioning measurements (e.g., RSTD,  RSRP) and reporting of the carrier phase-based measurements alone.
Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
Proposal 5: Support the UE to select and report the reference TRP for phase difference measurements.

	Lenovo[17]
	Proposal 4: RAN1 to further discuss the specification of CP measurements in terms of the following Options:
· Option A: A standalone method for DL and UL CP measurements
· Option B: A hybrid measurement with other existing DL/UL positioning measurements
Proposal 5: RAN1 to focus on DL CP measurements based on DL PRS from a single TRP.
Proposal 9: RAN1 to consider the reporting of quality metrics and timestamps associated to DL/UL carrier phase measurements. FFS details of the type of quality metrics.

	Samsung[18]
	Proposal 1: For carrier phase positioning measurement, a UE can be configured to provide the carrier phase of a DL PRS received from a TRP at its antenna interface.
Proposal 2: For carrier phase positioning measurement, a UE can be configured to provide the carrier phase difference between the DL PRS received from TRP1 (a reference TRP) and TRP2 (a target TRP) at its antenna interface.
· UE to maintain phase continuity between carrier-phase measurement of TRP1 and TRP2.
Proposal 3: For carrier phase positioning measurement, a gNB can be configured to provide the carrier phase of a UL positioning SRS received from a UE at its antenna interface.
Proposal 8: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· Quality indicator
· e.g., based on LOS/NLOS indicator (soft/hard)
· Phase continuity indicator since last measurement

	Apple[19]
	Proposal 3: RAN1 should identify the information to be fed back and the configuration needed In the case of a single CP measurement within a PFL/carrier, and of multiple CP measurements within a PFL/carrier. 
Proposal 4: For UE-assisted NR carrier phase positioning, the carrier phase measured from the DL PRS signal(s) of a TRP should be fed back to the LMF. Any differences with a reference TRP can be handled at the LMF. 


	Qualcomm [20]
	Proposal 4: The granularity of the phase reporting should be fine enough so that the error it produces is much smaller than the UE’s positioning error. 

	MediaTek[22]
	Proposal 2-2: By default, the reporting of the phase measurement corresponds to the phase in DC tone
Proposal 2-5: When phase measurement is reported with RSTD measurement, it is associated with the phase difference
Proposal 2-6: The phase measurement reporting unit may consider the angle in degree 

	IIT Kanpur, CEWiT[24]
	Proposal 1: For carrier-phase based positioning, the phase of the RF carrier or single subcarrier should be reported.
Proposal 2: For carrier-phase based positioning, the difference between the carrier phase of multiple subcarriers should be reported. 
Proposal 4: In Rel 18, for the legacy positioning methods, additional reporting of carrier phase measurements per Rx antennas should be supported. 




FL Comments:
During SI, the carrier phase measurements were investiategd for UE-based, UE-assisted and Network Node-assisted UL/DL carrier phase positioning (CPP). New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning. 

For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work). In this meeting, most of the companies have provided their views of on which candidate measurement(s) to support:

· Option 1: The difference between the carrier phases 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
· Supported by: Huawei, HiSilicon, OPPO (with RSTD), vivo, xiaomi, CATT, Intel, InterDigital, Samsung, MediaTek 
· Option 2: The carrier phase measured from the DL PRS signal(s) of a TRP.
· Supported by: Spreadtrum, OPPO (with UE Rx-Tx), Xiaomi, CATT, Lenovo, Samsung, Apple, IIT Kanpur, CEWiT

It appears that the number of companies supporting each option is nearly equal. However, the FL believes that Option 1 follows a similar approach as RSTD, making it more suitable for reporting alongside RSTD. Conversely, Option 2 may have advantages such as: a) adopt a similar definition for DL and UL carrier phase measurements; b) no need for UE to select the reference TRP; c) give LMF's freedom to select the reference TRP for double difference options. The number of bits for both options should differ by only one, as the phase reporting range for Option 1 should be [-2pi, 2pi], whereas for Option 2, it should be [0, 2pi] if only instant carrier phase is supported.

In regards to NG-RAN node-assisted (UL) carrier phase positioning, it has been agreed upon that the carrier phases measured from the UL SRS will be reported to LMF as the UL carrier phase measurements for UL CPP. The phase reporting range should be [0, 2pi] if only instant carrier phase is supported.



There are several other issues that are associated with carrier phase measurement and reporting, including:

· RF frequency information that is linked to carrier phase measurement (e.g., [3][9][19]). Each carrier phase measurement should be associated with reported RF frequency information, which may correspond to the absolute frequency of a subcarrier. This may be presented by the absolute frequency of the carrier, subcarrier index k, and subcarrier spacing.
· Timestamp linked to carrier phase measurement (e.g., [9][16][18]). Each carrier phase measurement should include the measurement timestamp, which may be presented by frame/subframe/slot/symbol numbers.
· Indication of instant carrier phase measurement and/or accumulated carrier phase measurement ([9][18]). Instant carrier phase measurement is provided by a receiver without the need to track the carrier signals, while accumulated carrier phase measurements are obtained by tracking the carrier signals.
· Indication of carrier phase measurement quality (e.g., [12][16][18]).
· Determination of the reference TRP for Option 1 (e.g., [9][16]).
· DL PRS/UL SRS Reference signal ID (e.g., [18]).
· Granularity and value range of the phase measurement reporting (e.g., [20][22]).


In FL’s view, all of the above issues need to be further discussed and resolved.

[bookmark: _Toc128127607](H)(Round 1) Proposal 2-1

To enable UE-based and UE-assisted NR carrier phase positioning (CPP), at least one of the following new carrier phase (CP) measurements should be introduced. RAN1 should make a decision on which of these to support no later than RAN1#113:

· Option 1: the difference between two carrier phases (CPD). One CP is measured from the DL PRS signal(s) of the target TRP, while the other is measured from the DL PRS signal(s) of the reference TRP for the CPD.
· Option 2: carrier phase measured from the DL PRS signal(s) of a TRP.
· Note that the TRP can be a target TRP or a reference TRP for RSTD measurement.

Additionally, a new UL CP measurement must be introduced for NG-RAN node assisted NR CPP. This UL CP is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of this UL CP.

	Company
	comments

	ZTE
	Both two options are OK for us, but generally prefer option 2, in option 2, UE report its carrier phase, and LMF can calculate the phase difference when needed, UE doesn’t have to perform calculation process.

	Ap[ple
	Prefer Option 2

	Xiaomi
	Support the proposal and both two options are OK for us.

	Ericsson
	Both options can be useful but in different situations.

1) Joint reporting with DL RSRP: 
When carrier phase measurements are reported jointly with DL RSRP, then option 1 is natural to be used.

2) Joint reporting with UE Rx-Tx:
Some companies propose joint carrier phase and Multi-RTT positioning: For this case, if carrier phase measurements are reported jointly with UE Rx-Tx, then Option 2 can be used.

3) Joint reporting with UL RTOA: An absolute (not relative to some reference node) phase measurement similar to Option 2 should be used (but for UL SRS for positioning).

4) For joint reporting with gNB Rx-Tx: 
An absolute phase measurement similar to Option 2 should be used (but for UL SRS).

	Huawei, HiSilicon
	OK

	mtk
	Support both, and the reporting maybe together with existing reporting

	NTT DOCOMO
	From a perspective of usecase flexibility, we prefer both options.

	Nokia/NSB
	Support both options. We would prefer to directly agree to introduce both now rather than to say we will downselect later. 

	FL
	Based on the feedbacks, it seems the majority feedbacks prefer having both options for DL. Based on the feedback, I made some modification for clarity:
(H)(Round 1) Proposal 2-1 (Revised)
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), 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.
· Note that the TRP can be a target TRP or a reference TRP for RSTD measurement.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs: one CP is measured from the DL PRS signal(s) of the target TRP, while the other CP is measured from the DL PRS signal(s) of the reference TRP.
· 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

	CATT
	Support the latest revision from FL



(Closed)(Round 1) Proposal 2-1 (Revised for GTW session)
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), 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.
· Note that the TRP can be a target TRP or a reference TRP for RSTD measurement.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs: one CP is measured from the DL PRS signal(s) of the target TRP, while the other CP is measured from the DL PRS signal(s) of the reference TRP.
· 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


FL Comments:
The following agreement was made in Tuesday’s GTW session. The FL suggests the final decision whether. To introduce one or both DL measurements be decided in the next meeting.


	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), the 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.
· Note that the TRP can be a target TRP or a reference TRP for RSTD measurement.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs: one CP is measured from the DL PRS signal(s) of the target TRP, while the other CP is measured from the DL PRS signal(s) of the reference TRP.
· 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



[bookmark: _Toc128127608](M)(Round 1) Proposal 2-2
The following information related to be reported together with CP measurements:
· Indication of RF frequency information
· Indication of the timestamp
· Indication of instant CP and/or accumulated CP
· Indication of CP measurement quality
· Indication of the reference TRP for CPD
· Granularity and value range for CP and/or CPD

	Company
	comments

	vivo
	We prefer to discuss the issue after the measurement is selected. For example, reference TRP information is not needed for carrier phase measurement. In addition, we are not sure about the granularity and value range that needs to be reported. Lastly, we have some concerns about ACP 

	ZTE
	We are fine to support sub-bullets 1,2 and 4. And from our perspective, sub-bullet 3 can be discussed after the definition of carrier phase for positioning is determined. Sub-bullets 5 and 6 can be discussed after proposal 2-1 is finished.

	Apple
	This may be early. Item 1 depends on if single or multiple CP measurements, Item 3 has not been studied, item 5 depends on proposal 2-1.

	Huawei, HiSilicon
	We do not think that we are ready to define the accumulated CP in this release.

	FL
	The details will be further discussed in the next meeting.




[bookmark: _Toc128127609]Definitions of NR carrier phase measurements
Background

	TR 38.859
6.3.0	Study objectives
….
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 a transmitter antenna reference point of a transmitter (e.g., a TRP or a UE) to a receiver 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.




Submitted Proposals:

	Huawei, HiSilicon [3]
	Proposal 7: A carrier phase measurement should be associated with a reported RF frequency information, which may correspond to the frequency of a subcarrier.

	vivo[6]
	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

	Xiaomi[8]
	Proposal 3: Consider whether to support carrier phase difference between SRS and reference carrier phase in addition to carrier phase measured from SRS for UL carrier phase positioning.

	CATT[9]
	Proposal 1: For NR DL carrier phase positioning, the definition of NR carrier phase measurement should cover both the downlink instantaneous carrier phase (DL ICP) and the downlink accumulated carrier phase (DL ACP) as defined in GNSS carrier phase positioning. 
Proposal 2: For NR DL carrier phase positioning, DL ACP is defined as the DL ICP, which is related to the wireless channel, l from DL (sub)carrier signal (modulo 1 cycle), plus some arbitrary number of integer cycles, which is accumulated based on the change of the phase cycles once the receiver is tracking the DL PRS signals from a TRP, i.e., DL ICP = DL ACP (modulo 1 cycle).
Proposal 3: For NR DL carrier phase measurement (DL ACP/ICP) provided by a UE at measurement time t by measuring the DL PRS signal from a DL PRS RE with the subcarrier index k and the OFDM symbol index m, the (sub)carrier frequency associated with the carrier phase measurement is , where  is the absolute carrier frequency of subcarrier index k=0, and  is the subcarrier spacing, and the measurement time t should be the receiver’s time of the OFDM symbol m.
Proposal 4: For NR DL carrier phase positioning, DL ICP difference (ICPD)/ACP difference (ACPD) can be defined as the difference of the DL ICP/ACP measured by a UE from DL PRS signal(s) of a target TRP, and DL ICP/ACP measured by the UE from DL PRS signal(s) of reference TRP, where the DL ICPs/ACPs should be associated with the same carrier frequency and the same measurement time.
· Note: The definitions of the (sub)carrier frequency and the measurement time for a DL ICP/ACP are given in Proposal 3.
Proposal 5: For NR DL carrier phase positioning, both NR carrier phase measurement (DL ICP/ACP) and NR carrier phase difference measurement (DL ICPD/ACPD) can be supported.
Proposal 7: NR DL carrier phase measurement (DL ACP/ICP) and NR DL carrier phase difference measurement (DL ICPD/ACPD) should be measured and reported to be associated with the same (sub)carrier frequency for different OFDM symbols.
FFS: How the subcarrier index k and the OFDM symbol index m are determined (e.g., predefined in specification or configured by the LMF), where k is a subcarrier index of an RE,  is the absolute carrier frequency of subcarrier index k=0, and  is the subcarrier spacing.
Proposal 11: For NR UL carrier phase positioning, the definition of NR carrier phase measurement should cover both the uplink instantaneous carrier phase (UL ICP) and the uplink accumulated carrier phase (UL ACP) as defined in GNSS carrier phase measurement. 
Proposal 12: For NR UL carrier phase positioning, UL ACP is defined as the UL ICP, which is related to the wireless channel,  from UL (sub)carrier signal (modulo 1 cycle), plus some arbitrary number of integer cycles, which is accumulated based on the change of the phase cycles once the receiver is tracking the UL SRS-Pos signals from a UE, i.e., UL ICP = UL ACP (modulo 1 cycle).
Proposal 13: For NR UL carrier phase measurement (UL ACP/ICP) provided by a TRP by measuring the UL SRS-Pos signal from a UL SRS-Pos RE with the subcarrier index k and the OFDM symbol index m, the (sub)carrier frequency associated with the carrier phase measurement is the , where  is the absolute carrier frequency of subcarrier index k=0, and  is the subcarrier spacing. The measurement time t should be the receiver’s time of the OFDM symbol m.
Proposal 15: NR UL carrier phase measurement (UL ACP/ICP) should be measured and reported to be associated with the same (sub)carrier frequency for different OFDM symbols.
· FFS: How the subcarrier index k and the OFDM symbol index m are determined (e.g., predefined in specification or configured by the LMF), where k is a subcarrier index of an RE,  is the absolute carrier frequency of subcarrier index k=0, and  is the subcarrier spacing.

	Nokia[11]
	Proposal 1: RAN1 should introduce an UL carrier phase measurement based on the SRS for positioning and two DL carrier phase measurements, one based on a single differential phase (similar to RSTD in timing techniques) and one non-differential phase based on the DL PRS. The details of each measurement should be FFS. 

	Intel[13]
	Proposal 1
· Carrier phase measurements for DL CPP are defined as below:
· DL Reference Signal Phase Difference (DL RSPD) is defined as carrier phase difference measured between a given Transmission Point (TP) j and a reference TP i. 
· The measurements are performed on DL PRS received in a subframe SF_j from TP j and in a subframe SF_i from TP i that is closest in time to subframe SF_j.
· Multiple DL PRS resources may be used to determine the carrier phase. 
· By default, the carrier phase corresponds to the center RF frequency for a given PFL.
Proposal 2
· Carrier phase measurements for UL CPP are defined as below:
· UL Relative Phase of Arrival (UL RPOA) is defined as carrier phase measured on SRS for positioning at a Reception Point (RP) j relative to the RPOA reference phase. 
· The RPOA reference phase can be defined as a common reference phase across RPs.
· Multiple SRS-for-positioning resources may be used to determine the carrier phase.
· By default, the carrier phase corresponds to the center RF frequency for a given UL carrier.

	Lenovo[17]
	Proposal 3: A single PFL and carrier is used to define the DL and UL carrier phase measurements, respectively.

	Qualcomm [20]
	Proposal 1: Carrier phase measurements should correspond to the phase of the first detected path.
Proposal 2: For DL carrier phase positioning, define a UE RSPD measurement consisting of the difference between phases of two PRS, analogous to RSTD for DL-TDOA
Proposal 3: For UL carrier phase positioning, define a gNB RPOA measurement consisting of the phase of the received UL SRS for positioning, analogous to RTOA for UL-TDOA.

	MediaTek[22]
	Proposal 2-4: The definition of carrier phase measurement is independent on the time or frequency domain, similar to RSRPP measurement definition

	Ericsson[23]
	Proposal 1	A carrier phase measurement shall be defined per path.
Proposal 3	Define a new measurement called DL PRS reference signal carrier path phase (DL PRS-RSCPP).
Proposal 4	Define a new measurement called UL SRS reference signal carrier path phase (UL SRS-RSCPP).
Proposal 5	A phase measurement shall be defined for the central carrier frequency, not for individual subcarriers or parts of the bandwidth.




FL Comments:
A definition of the carrier phase was established during SI to aid in the investigation of carrier phase positioning, which explains the correlation between the carrier phase and the signal propagation time, as well as any possible error sources in the carrier phase. The definition is universal it is applicable to for all carrier phase positioning systems, e.g., GNSS CPP. However, for NR physical layer carrier phase measurement, a more precise definition is required to define how the physical layer NR carrier phase measurements are obtained from  the NR positioning reference signals and the connection between the carrier phase measurements and the DL PRS/UL SRS resources.

During the SI, it was concluded that there are two potential candidates for DL carrier phase measurements. One option is to define the carrier phase from the DL PRS signal(s) of single TRP, and the other option involves calculating 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. Before we come to a consensus on which option(s) to support, we can first establish a clear definition for the carrier phase from the DL PRS signal(s) of a single TRP. Once we have defined the carrier phase in this context, it can be easily extended to define the difference between the carrier phases of two TRPs.

Many companies have expressed their viewpoints on measuring the carrier phase of NR CPP, including [3][6][8][9][11][13][17][20][22][23]. For example,

· The measurement of carrier phase is linked to the phase of the channel response of a specific path ([3][6][9][20][23])
· Multiple DL PRS REs in the frequency domain can be employed to determine the carrier phase corresponding to a specific RF frequency, at least to the carrier phase of the center RF frequency ([3][9][13][23]). Thus, a carrier phase measurement should be accompanied by reported RF frequency information, which may correspond to:
· The frequency of a subcarrier within a PFL ([3][9][13])
· Only the center RF frequency [23]
· Multiple DL PRS resoures in the time domain can be used employed to determine the carrier phase 
corresponding to a specific time ([9][13]). Each carrier phase measurement should include a timestamp [9].
· The reported carrier phase measurement is only a fraction of a cycle [6].
· The reported carrier phase measurement can either a fractional part only, or a fractional part plus and an accumulated integer number of cycles [9].
· The carrier phase is defined for only the first path [20], or additional paths' carrier phase should be defined (e.g., [23])

[bookmark: _Toc128127610](H)(Round 1) Proposal 3-1 

NR DL/UL reference signal carrier phase (RSCP) (of the first path) is defined as the phase of the channel response (also of the first path) corresponding to a specific RF frequency at a particular measurement time, where 
· the channel response is established through the measurement of DL PRS/UL SRS signals transmitted from one or multiple DL PRS/UL SRS resources. 
· the RF frequency is, by default, the center frequency of the DL PFL/UL carrier. 
· FFS: whether the RF frequency can be RF frequency corresponding to a predefined or configured subcarrier
· FFS: the definition of the measurement time (e.g., the start or end time of the DL PRS/UL SRS resources)
· FFS: whether the carrier phase is solely defined for the first path or also for additional paths
· FFS: whether the reported carrier phase measurement can only represent a fraction of a cycle or a fraction of a cycle in addition to an accumulated integer number of cycles.

	Company
	comments

	ZTE
	For the last FFS: it is observed from the proposal that the accumulated CP share the same integer ambiguity, but how can we ensure the calculated integer ambiguity is accurate in CPP is our main concern.
FL: In GNSS CPP, the reported number of the integer cycles in a accumulated CP may also be wrong. The receiver may include an indication that a cycle slip takes place when the receiver makes a its own jusgement that the reported number of the integer cycles may have an issue.

	Apple
	Fine with the proposal

	Xiaomi
	As for the “one or multiple DL PRS/UL SRS resources”, we are wondering why multiple resources are needed if only carrier phase not carrier phase difference is considered.
FL: This is similar to TOA or RSTD. Up to the implementation, the receiver may use more than one DL PRS/UL SRS resource to determine a carrier phse measurement corresponding to a specific RF frequency at a particular measurement time.

	Huawei, HiSilicon
	Our preference to follow the RSRPP definition. Anyway further study is needed on how to provide a definition that can be working.
FL: 

For example, channel response to a certain RF frequency is not clear.
FL: My preference is also not to mention the channel response by following GNSS CP definition. 

	mtk
	In RSRPP, the definition is “is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement”
For CPP, there are following considerations,
1, the measured phase may correspond to the DC tone that may not carry DL-PRS. It depends on the algorithm at RX side. The IFFT method actually uses all available PRS to “interpolate” the phase at DC tone
FL: I assume how to deal with the issue of DC tone may be up to implementation. This issue will be further discussed in Section 9.
2, to avoid talking about the operation in time domain or freq domain, same as that for RSRPP definition 
FL: It is also my preference to avoid mentioning the method to obtain the CP, since it is up to implementation.
3, using “subcarrier” or “carrier” may be sensitive to some companies 
Maybe we can simply define:
“is defined as the phase at the first path delay at a frequency and time” 


	Nokia/NSB
	Similar view to Huawei. 

	FL
	Huawei and Nokia suggested  following the definition of RSRPP  to define the carrier phase measurement:
Definition of DL PRS-RSRPP in TS 38.215

DL PRS reference signal received path power (DL PRS-RSRPP), is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, where DL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

The FL wants to point out that in the definition of RSRPP, e.g., the average of the channel response, is used, which may not be suitable for phase measurement, since the phase for the subcarriers are different. 
The followng is a revised version for further discussion.
(H)(Round 1) Proposal 3-1 
NR DL reference signal carrier phase (RSCP) of i-th path is defined as the phase of i-th path delay of the resource element (RE) that carrys the DL PRS signal configured for the measurement. Each RSCP is associated with a specific RF frequency at a particular measurement time. When a RSCP is obtained from the DL PRS signal of a RE, the RF frequency is the frequency of the RE, and the measurement time is the Rx time of the RE.
Multiple DL PRS REs in one OFDM symbol can be used to obtain a RSCP corresponding to a specific RF frequency at a particular measurement time. In this case, the RF frequency of the RSCP is, by defaul, the center frequency of the DL PRS REs and the measurement time is the Rx time of the OFDM symbol.
One or multiple DL PRS resources in multiple OFDM symbols can be used to obtain a RSCP corresponding to a specific RF frequency at a particular measurement time. In this case, the RF frequency is , by default, the center frequency of the DL PRS resource elements. 
· FFS: whether the RF frequency can be a RF frequency corresponding to a predefined or configured subcarrier.
· FFS:  the definition of the measurement time (e.g., the start or end time of the DL PRS resources).
· FFS: whether the carrier phase is solely defined for the first path or also for additional paths
· FFS: whether the reported carrier phase measurement can only represent a fraction of a cycle or a fraction of a cycle in addition to an accumulated integer number of cycles.

	FL
	Some more detailed consideration related to DL CP definition, e.g., 
· If the RSCP is obtained from DL PRS of a single RE,
· the RSCP RF frequency is the frequency of the DL PRS RE. 
· the RSCP measurement time is the Rx time of the DL PRS RE.

· If the RSCP is obtained from DL PRS of multiple REs in a single OFDM symbol, 
· the RSCP RF frequency is defined as, by default, the center RF frequency of the DL PRS REs. 
· the RSCP measurement time is the Rx time of the OFDM symbol.

· If the RSCP is obtained from DL PRS of multiple REs across multiple OFDM symbols,
· the RSCP RF frequency is defined as, by default, the center RF frequency of the DL PRS REs.
· FFS: whether the RSCP RF frequency can be a RF frequency corresponding to a subcarrier within the multiple DL PRS REs
· the RSCP measurement time is defined as the Rx time of last OFDM symbol.

· FFS: whether the reported carrier phase measurement can only represent a fraction of a cycle, or a fraction of a cycle plus an accumulated integer number of cycles.








(H)(Round 2) Proposal 3-1a (after Tuesday offline discussion)
NR DL reference signal carrier phase (RSCP) (of first path) is defined as the phase of the first path delay derived from some or all resource elements (REs) that carrys the DL PRS signals configured for the [carrier phase] measurement. A RSCP is associated with a specific RF frequency and a specific [measurement] time.
· FFS: the reference point of the RSCP
· FFSNote: Whether to capture the above definition into TS 38.215 may depends on whether RAN1 decides to introduce DL CP carrier phase measurement or DL CPD is agreed for NR CPP

	Company
	comments

	Xiaomi
	Ok 

	CATT
	Support. Maybe add “FFS: the specific RF frequency is defined” and “FFS: the specific measurement time”

	
	



(H)(Round 2) Proposal 3-1b
If RAN1 decides to introduce 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 two TRPs.
· FFS: the reference point of the RSCPD
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement CPD for NR CPP

	Company
	comments

	Xiaomi
	Support 

	CATT
	Support

	
	




(H)(Round 2) Proposal 3-1c
NR UL reference signal carrier phase (UL RSCP) (of first path) is defined as the phase of the first path delay derived from some or all resource elements (REs) that carrys the UL SRS signals for positioning purpose configured for the [carrier phase] measurement. A UL RSCP is associated with a specific RF frequency and a specific [measurement] time.
· FFS: the reference point of the UL RSCP

	Company
	comments

	Xiaomi
	Ok 

	CATT
	Support

	
	





[bookmark: _Toc128127611](M)(Round 1) Proposal 3-2
DL reference signal carrier phase difference (DL-RSCPD) is defined as the difference between the carrier phase measurements RSCP_i and RSCP_j.  RSCP_i is obtained by measuring the DL PRS resources in subframe SF_i  from a target TP_i, while RSCP_j is obtained by measuring DL PRS resources in subframe SF_j from the reference TP_j, where the subframe SF_i is closest in time to subframe SF_j. Both RSCP_i and RSCP_j should be associated with the same RF frequency.

	Company
	comments

	ZTE
	This can be discussed if CPD is supported in report. 

	Apple
	Agree with ZTE

	Xiaomi
	Ok if CPD is supported

	CATT
	Support





[bookmark: _Toc128127612][bookmark: _Toc111724350]CPP Multipath mitigation
Background

	TR 38.859
[bookmark: _Toc128127613]6.3.3	Potential specification impact for NR carrier phase positioning
…
Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
-	Reporting of the carrier phase of the first path
-	At least reporting of the carrier phase of the first path, and optionally, the additional paths.
-	The use of LOS/NLOS indication for the carrier phase measurements.
-	NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
-	Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.





Submitted Proposals:

	Huawei, HiSilicon [3]
	Proposal 9: For NR carrier phase positioning, the TRP/UE can report the carrier phase measurements of the first path and the additional paths.

	Spreadtrum [4]
	Proposal 4: For carrier phase positioning, both carrier phases of the first path and the additional paths can be reported.
Proposal 5: For multipath mitigation, the use of LOS/NLOS indication for the carrier phase measurements should be supported.
Proposal 6: For multipath mitigation, support the reporting of other existing channel information together with carrier phase positioning.

	OPPO [5]
	Proposal 3: The LOS/NLOS indication in current positioning reporting is applied to the corresponding carrier phase measurement report.

	BUPT[7]
	Proposal 1: Discuss in more detail the scheme of using LOS/NLOS indication to mitigate multipath.
Observation 1: LOS signal and multipath NLOS signal often have different attenuation, time delay and carrier phase.
Proposal 2: Analyze the energy change of I/Q channel output to mitigate multipath.
Proposal 3: The carrier phase method based on UL and DL LMF should support the reporting of SNR information.
Proposal 4: UE-based carrier phase positioning should support the transmission of SNR information from LMF/PRU to UE

	Xiaomi[8]
	Proposal 7: Report the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for carrier phase of each path. 

	Nokia[11]
	Proposal 2: NR CPP should optionally support reporting the carrier phase of additional paths and LoS/NLoS indicators for the first path.

	ZTE[12]
	Proposal 3: Support reusing Rel-17 LOS/NLOS indicator and expected LOS/NLOS assistance data for carrier phase measurement report.

	Intel[13]
	Proposal 4
· In consideration of multipath environments, adopt the following solutions: 
· Measurements: Limit reporting of carrier phase to that of the first path detected in time.
· Assistance information: Rel-17 LOS/NLOS indication can be the baseline. 

	LGE[15]
	Proposal 5: Study and specify the multipath mitigation methods including following candidates: 
· Reporting of the carrier phase of the first path, and optionally, the additional paths 
· The use of LOS/NLOS indication for the carrier phase measurements (reusing existing Rel-17 indicator) 
· Reporting other channel information together with carrier phase measurements (e.g. RSRP/RSRPP) 

	InterDigital[16]
	Proposal 9: Specify the condition under which carrier phase should be measured and reported based on 
· LOS/NLOS indicator
· RSRP

	Samsung[18]
	Proposal 6: For carrier phase positioning measurement, a UE or gNB provides a measurement based on the first (LOS) received multi-path.
Proposal 7: For carrier phase positioning measurement, a UE or gNB provides a quality (or accuracy) indicator of the carrier-phase measurement based on the relative strength of the LOS multi-path component.

	Apple[19]
	Proposal 6: The specification should support reporting  the carrier phase of the first path only and the use of  the use of LOS/NLOS indication for the carrier phase measurements.

	Qualcomm [20]
	Proposal 1: Carrier phase measurements should correspond to the phase of the first detected path. 

	Ericsson[23]
	Proposal 2	The carrier phase of the first path shall be reported and optionally additional paths.
Proposal 6	Add support to report DL PRS RSCPP for the first path and additional paths with the DL-TDOA positioning method.
Proposal 7	Add support to report UL SRS RSCPP for the first path and additional paths with the UL-TDOA positioning method.

	IIT Kanpur, CEWiT[24]
	Proposal 5: For carrier phase-based positioning, reporting of LOS-NLOS indication along with carrier phase measurement should be supported.
Proposal 6: For carrier phase-based positioning, reporting of carrier phase measurement corresponding to the first path should be supported. The measurement corresponding to the additional path could be optionally supported. 




FL Comments:
During SI, the effectiveness of multiple multipath mitigation methods for NR carrier phase positioning was studied, and a number of mitigation methods are recommended to be introduced during normative work if NR CPP is introduced. FL suggests focusing on the candidate solutions identified in SI, as also proposed by many companies:
· reporting of the carrier phase of the first path [e.g., 13, 18, 19, 20], 
· at least reporting of the carrier phase of the first path and optionally the additional paths [e.g., 3, 4, 7, 8, 11, 15, 23]
· the use of LOS/NLOS indication for the carrier phase measurements [e.g., 4, 5, 7, 8, 11, 12, 13, 15, 16, 19, 24]). It should be noted that the Rel-17 LOS/NLOS indicator can be considered as a starting point. 
· to report other channel information together with carrier phase measurements, such as existing RSRP/RSRPP [e.g., 4, 8, 15, 16, 18, 23].

Many companies favor optionally reporting the additional paths. FL likes to check with the group on the feasibility and reliability of reporting the carrier phase of the additional paths. In FL's understanding, for a receiver to provide meaningful carrier phases of the additional paths, it must be able to separate the carrier signals of the LOS and NOL paths when the time difference of the propagation delays between these paths is smaller than a wavelength. This is because the carrier phase repeats when the time difference is over the length of a cycle. For instance, at a carrier frequency of 3GHz, the wavelength is 10cm. Therefore, a receiver needs to separate the carrier phases of the LOS and NLOS paths when the time difference of propagation delays is only a few centimeters to make the reporting the phase of the NLOS paths meaningful.

[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


	Company
	comments

	ZTE
	Prefer option 1. Reporting the carrier phase of the additional path will increase the UE’s load, and even we get the phase of additional path, the benefits of this report are unknown for CPP.

	Apple
	Option 1. 

	Xiaomi
	We slightly prefer Option 2

	Ericsson
	We prefer Option 2

	Huawei, HiSilicon
	We prefer Option 2.

	mtk
	Option 1

	NTT DOCOMO
	Given that the additional paths reporting is optional, we slightly prefer Option 2.

	Nokia/NSB
	Option 2. If CPP reporting is introduced based on the legacy metho reporting (e.g., DL-TDOA) then it would be strange to not allow the additional path reporting for phase measurements. 

	CATT
	Prefer Option 1 for R18



FL Comments:
The proposal was discussed in GTW session w/o conclusion. If we could not make the agreement for Alt.2, then obviously Alt. 1 will be supported. Thus, the FL suggests we give more time for companies to consioder whether Alt.2 should be supported, and focus on the requirements related to the first of the carrier phase of the first path in this meeting. 

	Company
	comments

	
	

	
	

	
	




[bookmark: _Toc128127615](H)(Round 1) Proposal 4-2 
Select one of the following alternatives for multipath mitigation in NR CPP: 
-	Alt. 1: reuse Rel-17 LOS/NLOS indication for the carrier phase measurements, which means the legacy measurements and the carrier phase measurements may use the same LOS/NLOS indication
-	Alt. 2: introduce a new LOS/NLOS indication for the carrier phase measurement
· FFS: the details of the LOS/NLOS indication (e.g., the value range, granularity, etc.)

	Company
	comments

	vivo
	For Alt 2, does it mean the new LOS indication may be different from the existing hard or soft value, and to define a new parameter for the indication
FL: One possible mnotivation to have a separate LOS/NLOS indication is that for lengacy positioning and CPP may have different algorithms to make the judgement on LOS/NLOS conditions.

	ZTE
	Prefer option 1 if CPP is a joint positioning method with other legacy positioning tech.

	Apple
	Option 1 if joint

	Xiaomi
	Prefer Alt 1 for joint report of CPP and legacy positing method.

	Ericsson
	Support Alt. 1.
CPP measurements will likely be reported jointly with e.g. DL RSTD and UL RTOA. These measurement reports already includes the LOS/NLOS indicator, hence there is no additional specification impact there.

	Huawei, HiSilicon
	Why do we need a separate indicator?

	mtk
	Alt. 1

	NTT DOCOMO
	Perfer Alt.1

	 Nokia/NSB
	If CPP is not introduced as an independent method then we are okay with alt 1. 


	FL
	From the feedbacks, it seems Alt.1 has the majority support. The proposal is revised for clarity
(H)(Round 1) Question/Proposal 4-2 (Revised)
Select one of the following alternatives for multipath mitigation in NR CPP: 
-	Reuse Rel-17 LOS/NLOS indication for the carrier phase measurements, which means the legacy existing NR positioning measurements and the carrier phase measurements may use share the same LOS/NLOS indication
Alt. 2: introduce a new LOS/NLOS indication for the carrier phase measurement
FFS: the details of the LOS/NLOS indication (e.g., the value range, granularity, etc.)





(H)(Round 2) Proposal 4-2
Reuse Rel-17 LOS/NLOS indication for the carrier phase measurements.
· Note: It implies the existing NR positioning measurements and the carrier phase measurements share the same LOS/NLOS indication.

	Company
	comments

	Xiaomi
	Suggest to add “if in one report” at the end of the sentence of the note.

	CATT
	Support





[bookmark: _Toc128127616](H)(Round 1) Question/Proposal 4-3
For multipath mitigation in NR CPP, support reporting the following existing measurements along with carrier phase measurements:
· RSRP
· RSRPP if carrier phase measurements of additional paths are supported

	Company
	comments

	vivo
	We prefer to discuss the issue after the standalone CPP is supported.

	ZTE
	This can be discussed after question/proposal 4-1.

	Xiaomi
	Ok 

	Ericsson
	We support both RSRP + RSRPP

	Huawei, HiSilicon
	OK

	Nokia/NSB
	Okay in principle but not sure this is needed. 





(H)(Round 2) Proposal 4-3
For multipath mitigation in NR CPP, at least support reporting the RSRP along with carrier phase measurements:
· Note: whether to reporting the RSRP can be further discussed if RAN1 decides to support carrier phase measurements of additional paths.

	Company
	comments

	Xiaomi
	We are ok with this proposal. Just a typo in note, “RSRPP”

	CATT
	support

	
	

	
	



[bookmark: _Toc111724344][bookmark: _Toc128127617]Differential CPP and PRU
Background

	TR 38.859
[bookmark: _Toc128127618]6.3.3	Potential specification impact for NR carrier phase positioning
…..
At least the double differential technique with PRU is feasible for UE-based, and UE-assisted NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
NOTE 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during normative work.
NOTE 2: The required PRU density also needs further discussion during normative work.
NOTE 3: Other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded.





Submitted Proposals:

	Huawei, HiSilicon [3]
	Proposal 3: For UE-based carrier phase positioning, the inter-TRP phase synchronization offset can be transferred from LMF to UE in the assistance data.
· The inter-TRP phase synchronization offset can be obtained via PRU measurement reported to the LMF.
Proposal 4: Necessary mechanism to support UE-based carrier phase positioning without the location of TRP can be further investigated.

	vivo[6]
	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

	Nokia[11]
	Proposal 3: RAN1 should support introducing PRU for UE-based positioning and identify the necessary physical layer procedures. 
Proposal 4: RAN1 should support PRU being introduced for UE-assisted positioning and specify the necessary physical layer procedure including aligning measurements by PRU and target UE (e.g., in time). Send an LS to SA2 to highlight this needed functionality. 

	ZTE[12]
	Proposal 5: For DL UE-based carrier phase positioning, the carrier phase error can be reported by PRU to LMF.

	CMCC[14]
	Proposal 1: For carrier phase positioning, the double differential carrier phase measurement should be considered to eliminate the inter TRP carrier phase synchronization errors.
· The double differential carrier phase measurement can be obtained by the use of PRU.


	LGE[15]
	Proposal 1: Consider methods for eliminating initial phase error of the transmitter/receiver, including 
· Assistance data or measurement report which convey information on phase error (e.g. PEG)
· RSPD measurement condition
Proposal 2: Study and specify the potential solution for UE/gNB to assume phase continuity for a duration.

	InterDigital[16]
	Proposal 10: Support PRU for NR carrier phase-based positioning.
Proposal 11: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning.

	Lenovo[17]
	Proposal 11: Integer Ambiguity could be resolved using assistance data from neighboring UEs with perfectly known locations when single PFL / carrier is considered.
Proposal 12: RAN1 to consider phase errors mitigation using data modeling and interpolation at LMF or virtual PRU as a solution for low density PRU deployments.

	Samsung[18]
	Proposal 5: RAN1 considers how to provide PRU or PRU-like functionality under existing system, e.g., how to determine a PRU and apply the PRU during the positioning procedure.

	Apple[19]
	Proposal 5: Feedback from a UE/TRP to an LMF may include CP and Rel-17 positioning feedback from the target UE an CP only from a PRU.

	Qualcomm [20]
	Proposal 7: Assistance data for UE-based carrier phase positioning includes phase differences between the PRS resources of the TRPs, including timing (e.g., PRS occasion) of the PRS resources whose phase difference is being reported.
Proposal 8: Discuss mechanisms for time-alignment of measurements(DL)/transmissions(UL) across UE and PRU

	Ericsson[23]
	Proposal 8	Provide phase correction factors for each TRP to each UE.
Proposal 9	How the network obtains phase correction factors corresponding to TRPs is left up to implementation.
Proposal 10	It should be possible to provide a UE with updated correction factor with variable frequency.
Proposal 11	Investigate how phase correction factors can be provided in a resource efficient way.




FL Comments:
During the SI phase, the use of PRU to aid NR carrier phase positioning was inevstigated. To facilitate carrier phase positioning in the downlink, a PRU acts as a UE that receives the DL PRS reference signals and provides DL carrier phase measurements to the LMF. The double differential measurements can then be calculated by comparing the DL carrier phase measurements of the target UE with those of the PRU to eliminate any measurement errors. In the uplink, a PRU acts as a UE that transmits UL SRS signals for positioning purposes. The TRPs provide UL carrier phase measurements obtained from the UL SRS signals of both the target UE and the PRU to the LMF, where the double differential measurements can be obtained by calculating the difference between these UL carrier phase measurements to eliminate any measurement errors.

The SI concluded that the double differential technique with PRU is feasible for UE-based, and UE-assisted NR carrier phase positioning at least for eliminating the impact of the initial phases of the transmitter and the receiver. As noted in TR 38.859, how to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during normative work. Several companies proposed supporting PRU usage for NR CPP during the meeting (e.g., [3][6][11][12][14][15][16][17][18][19] [20][23]) with different approaches for DL CPP:
· Option 1: PRU provides the raw CPP measurements to LMF. The raw CPP measurements will also be provided to UE for UE-based CPP (e.g., [6][11][14][15][16][19][20]). 
· Option 2: PRU provides the error correction information to LMF. The error correction information will also be provided to UE for UE-based CPP (e.g., [3][12][15][17][18]). 

As FL understands it, both approaches are commonly employed in GNSS CPP. Providing CPP measurements from a reference station to LMF or a target UE is relatively straightforward to implement. The approach was evaluated during the SI. However, this approach may require coordination of the measurement configuration between the target UE and PRUs. In comparison, the second approach of providing information for error corrections may be more efficient and, in some cases, more reliable for DL CPP, particularly when multiple PRUs are present in a PRU network. However, this approach needs further study since it was not evaluated during the SI, and additional research is necessary to determine its application for UL CPP. For Rel-18 NR CPP, FL believes the focus should be on the basic features due to the limited time budget. Therefore, further discussion is necessary to determine whether to introduce one or both approaches in Rel-18.


[bookmark: _Toc128127619](H)(Round 1) Proposal 5-1 
· The use of Positioning Reference Unit (PRU) to facilitate NR carrier phase positioning should be supported for UE-based, and UE-assisted NR carrier phase positioning.
· For DL NR carrier phase positioning, at least support the following:
· a PRU should function as a UE to receive the DL PRS reference signals and provide the DL carrier phase measurements to the LMF
· the LMF forwards the DL carrier phase measurements obtained from PRU to a UE for UE-based CPP
· For UL NR carrier phase positioning, at least support the following:
· a PRU should function as a UE to transmit the UL SRS signals for positioning. The TRPs should  provide the UL carrier phase measurements obtained from the UL SRS signals of the target UE and the PRU to the LMF.
· FFS: How to coordinate the measurement configuration and measurement time between PRU and the target UEs

	Company
	comments

	Apple
	Fine with proposal

	Locaila
	The normative text should not force the use of PRU and double difference method as default. 
At least in indoor, TRPs can be perfectly synchronized using low cost external clock source.
it should be possible to achieve the TRP synchronization and carrier phase positioning without the aid of PRU generated information.

· The use of Positioning Reference Unit (PRU) to facilitate NR carrier phase positioning can should be supported for UE-based, and UE-assisted NR carrier phase positioning.
· For DL NR carrier phase positioning, it may optionally at least support the following:
· a PRU should function as a UE to receive the DL PRS reference signals and provide the DL carrier phase measurements to the LMF
· the LMF forwards the DL carrier phase measurements obtained from PRU to a UE for UE-based CPP
· For UL NR carrier phase positioning, it may optionally at least support the following:
· a PRU should function as a UE to transmit the UL SRS signals for positioning. The TRPs should  provide the UL carrier phase measurements obtained from the UL SRS signals of the target UE and the PRU to the LMF.
· FFS: How to coordinate the measurement configuration and measurement time between PRU and the target UEs


	Erisson
	Do not support the current formulation.
According to RAN2 spec., a PRU is a UE with known location so any formulation that “PRU should function as a UE” is not needed.  As long as UE performing CPP measurements and CPP reporting is supported, the PRU (which is a UE) will also support this.
What is needed then is that the LMF should provide DL carrier phase measurement corrections to a UE for UE-based CPP.  So we think only the following part in the proposal is needed:

“the LMF provide DL carrier phase measurement corrections to a UE for UE-based CPP.”
 

	Huawei, HiSilicon
	Unclear why we are using “should be supported” in the WI. In general, we think the use of PRU should be transparent to RAN1 spec.


	mtk
	In RAN1 we can still say the use of PRU is supported. And it doesn’t need to be written into ran1 spec

	Nokia/NSB
	Maybe it is beter to just discuss the reply LS to SA2 as that is more important for PRU functionality in out understanding. 

	CATT
	Can be further discussed after the discussion of the reply LS to SA2 




[bookmark: _Toc128127620](H)(Round 1) Proposal 5-2 
· Further discuss whether and how to support the following for NR carrier phase positioning:
· The use of a PRU to provide differential corrections (e.g., TRP timing errors) to the LMF
· the LMF forwards the differential corrections from PRU to a UE for UE-based NR CPP
· FFS: the details of the differential corrections

	Company
	comments

	vivo
	We would like to confirm the difference between TRP timing errors and RTD information, so, if the same as RTD information, is there any impact on the specification
FL: In FL’s mind, we may need to first check if current RTD model defined in 37.355 can meet the CPP requirement. 

	ZTE
	I’m wondering whether we can list several correction items in the subbullet. For example,  the proposal can be updated as follows:

· the LMF forwards the differential corrections from PRU to a UE for UE-based NR CPP (e.g., TRP timing errors, ARP error, phase error, etc).
FL: We could also discuss other corrections. In general, TRP timing errors are more dynamic while ARP errors may be more static or slow change, or slow change. Not sure if TRP is able to sepearte timing errors and phase errors.

	Locaila
	Support on the further discussion part. 
How frequently the PRU information should be delivered to UE in the case of highway environment is the question to be solved first.  
We propose some vendors volunteer to provide some lab tested data on the frequency of carrier phase changes between two TRPs. Note that the wavelength of 5.9GHz carrier is only 2cm. The difference between carrier phases generated by commercial oscillators will be changed severely. 

	Ericsson
	Not support the current formulation.

For the first bullet: A PRU is a UE with known location. There is no need for any PRU specific signaling to LMF, it is enough with the measurement reporting that we standardize for UEs.

The second bullet may be ok with the following change:
· the LMF forwards the differential corrections from PRU to a UE for UE-based NR CPP



	Nokia/NSB
	Maybe it is beter to just discuss the reply LS to SA2 as that is more important for PRU functionality in out understanding. 

	CATT
	Can be further discussed after the discussion of the reply LS to SA2 




[bookmark: _Toc128127621]Integer Ambiguity
Background

	TR 38.859
[bookmark: _Toc128127622]6.3.3	Potential specification impact for NR carrier phase positioning
…
The potential solutions of integer ambiguity resolution for NR carrier phase positioning were investigated in the study item, which include the following: 
-	Reporting of the carrier phases of more than one frequency from UE/TRP to LMF
-	NOTE: frequency refers to frequency of carrier or frequency of subcarrier(s)
-	Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF
-	Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF
-	Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier
-	NOTE: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
-	LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP a carrier).




Submitted Proposals:

	Huawei, HiSilicon [3]
	Proposal 2: Reporting of phase measurements with existing measurements should be supported.
Proposal 8: For NR carrier phase positioning, UE/TRP can report multiple carrier phase measurements corresponding to multiple frequencies within the same carrier.

	Spreadtrum [4]
	Proposal 2: The carrier phase can be reported together with the current positioning measurements.
Proposal 3: The range of integer N should be provided/reported for carrier phase positioning.
Proposal 5: The UL carrier phase measurement can be carrier phase measurements of multiple different REs in SRS for positioning. 


	OPPO [5]
	Proposal 4: The TRP reports the carrier phase measurement of SRS resource for positioning together with existing positioning measurement.

	vivo[6]
	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 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

	Xiaomi[8]
	Proposal 4: Support the reporting of the carrier phase measurements together with the measurement results of DL/UL TDoA.
Proposal 5: Support positioning report to contain the carrier phase for multiple sub-carriers.

	CATT[9]
	Proposal 9: NR DL carrier phase measurement (DL ICP/ACP) and NR DL carrier phase difference measurement (DL ICPD/ACPD) should be reported together with the following information:
· Absolute carrier frequency ;
· Subcarrier index k;
· Measurement time (or timestamp) t;
· RSTD (optional).
Proposal 17: NR UL carrier phase measurement (UL ICP/ACP) should be reported together with the following information:
· Absolute carrier frequency ;
· Subcarrier index k ;
· Measurement time (or timestamp) t;
· RTOA (optional).

	Nokia[11]
	Proposal 5: RAN1 should study physical layer procedures to support the virtual wavelength method to address the integer ambiguity problem.
Proposal 6: The target UE should support reporting an estimate of the integer ambiguity to the LMF (e.g., as part oz the phase measurement report). 

	ZTE[12]
	Proposal 1: The range of integer N should be configured by LMF for UE-based carrier phase positioning.
Proposal 2: Carrier phase measurement and report should be performed together with existing positioning method for UE-assisted and NG-RAN node assisted positioning.
Proposal 6: Support measuring and reporting carrier phase of multiple sub-carriers/segments in one carrier/PFL 	- center frequency or λ should be informed for each selected sub-carrier/segment.

	Intel[13]
	Proposal 5
· For UE-/NG-RAN-assisted positioning, the following solutions for IAR are further considered for specification support: 
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/gNB to LMF.
· Reporting of the carrier phase measurements together with legacy positioning measurements like DL-RSTD/UL-RTOA/Rx-Tx time difference from UE/gNB to LMF.
· Reporting of the new measurements from UE/gNB to LMF that are based on carrier phases or carrier phase differentials (e.g., ToA-like metric) across multiple sets of subcarriers within a carrier. 

	CMCC[14]
	Proposal 2: At least the following solutions to solve the integer ambiguity are considered feasible:
· Fast search of integer ambiguity of the carrier phase obtained from more than one frequency;
· Fast search of integer ambiguity of the carrier phase associated with the legacy positioning techniques.

	LGE[15]
	Proposal 4: To resolve integer ambiguity, at least consider utilizing other positioning measurements. (e.g. TDOA, TOA, or phase differences between subcarriers). 

	InterDigital[16]
	Proposal 1: For DL-based positioning, support both reporting of the carrier phase measurements together with the existing positioning measurements (e.g., RSTD,  RSRP) and reporting of the carrier phase-based measurements alone.
Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
Proposal 4: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
Proposal 6: Support the UE to report the estimated number of cycles of a received carrier.
Proposal 7: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 8: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.

	Lenovo[17]
	Proposal 4: RAN1 to further discuss the specification of CP measurements in terms of the following Options:
· Option A: A standalone method for DL and UL CP measurements
· Option B: A hybrid measurement with other existing DL/UL positioning measurements
Proposal 6: Support the measurement of subcarrier phase measurements. FFS the details of exploiting the subcarrier phases, e.g., use of subcarrier phase differentials, number of considered subcarriers, etc.
Proposal 10: RAN1 to consider the support of reporting IA related metrics such as the actual IA, search ranges, subcarrier phase differentials.

	Samsung[18]
	Proposal 4: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase of multiple sub-carriers of DL PRS or UL positioning SRS.

	Apple[19]
	Proposal 3: RAN1 should identify the information to be fed back and the configuration needed In the case of a single CP measurement within a PFL/carrier, and of multiple CP measurements within a PFL/carrier. 

	Qualcomm [20]
	Proposal 5: RSPD should be reported together with RSTD. 

	NTT DCM[21]
	Proposal 1: 
· For solution of integer ambiguity resolution, legacy NR positioning measurements such as RSTD and RTOA can be used as coarse estimation step.
Proposal 2: 
· For further accurate integer ambiguity resolution, new measurement based on carrier phase difference(s) across multiple subcarriers within a carrier should be considered.

	MediaTek[22]
	Proposal 2-1: The reporting of the phase measurement is together with the existing measurement reports
Proposal 2-3: It is up to NW request and UE capability to report the phase measurements on other subcarriers
Proposal 2-7: Up to UE capability, report the search range for each phase measurement

	Ericsson[23]
	Proposal 5	A phase measurement shall be defined for the central carrier frequency, not for individual subcarriers or parts of the bandwidth.

	IIT Kanpur, CEWiT[24]
	Proposal 2: For carrier-phase based positioning, the difference between the carrier phase of multiple subcarriers should be reported. 
Proposal 3: For carrier-phase based positioning, phase measurement over multiple subcarriers should be reported to help mitigate the effects of noise.  




FL Comments:
During the SI, various potential solutions for integer ambiguity resolution in NR carrier phase positioning were thoroughly investigated, resulting in the identification of multiple candidate resolutions. These include reporting carrier phases of multiple frequencies from UE/TRP to LMF (e.g., [3][4][8][11][12][13][14][16][17][21][22]), reporting carrier phase measurements alongside legacy positioning measurements from UE/TRP to LMF (e.g., [13][14][15]), reporting the determined integer ambiguity and/or integer ambiguity search range from UE/TRP to LMF (e.g., [11][13][16]), reporting new measurements from UE/TRP to LMF based on carrier phase differentials across multiple subcarriers within a carrier (e.g., [13][15][17][21]), and LMF configuring the integer ambiguity range between TRP and target UE for UE-based NR CPP on a carrier (e.g., [6][12]).

To FL's understanding, reporting carrier phase measurements alongside legacy positioning measurements from UE/TRP to LMF is a fundamental feature that should be at least supported. Reporting carrier phases of multiple frequencies from UE/TRP to LMF has clear majority support. Additionally, some companies support reporting new measurements based on carrier phase differentials across multiple subcarriers, which also warrants further discussion.

[bookmark: _Toc128127623](H)(Round 1) Proposal 6-1 
To facilitate integer ambiguity resolution 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.

	Company
	comments

	vivo
	Support

	ZTE
	Support.

	Apple
	support

	Xiaomi
	Support 

	Ericsson
	We are supportive of the direction of the proposal.  But it has to be specified which legacy positioning measurements we mean. In our opinion it should be at least:
- DL TDOA,
- UL TDOA
FFS: Multi-RTT

	Huawei, HiSilicon
	Support.

	mtk
	okay

	NTT DOCOMO
	Support

	Nokia/NSB
	Okay

	FL
	Based on the feedback, most of the companies are fine with the proposal. One company suggests to be more specific on what the legacy positioning measurements are.




(H)(Round 2) Proposal 6-1 
To facilitate integer ambiguity resolution for NR carrier phase positioning, at least support the signalling enhancements to:
· Enable a UE to report DL carrier phase measurements together with the RSTD and/or UE Rx-Tx time difference measurements to LMF.
· Enable a TRP to report UL carrier phase measurements together with the RTOA and/or gNB Rx-Tx time difference measurements to LMF.
· FFS: send an LS to RAN2/RAN3, asking them to take the above decision into consideration

	Company
	comments

	Xiaomi
	Support 

	CATT
	support

	
	

	
	





[bookmark: _Toc128127624](H)(Round 1) Proposal 6-2 
To support integer ambiguity resolution for NR carrier phase positioning, further consider the following approaches (for a decision in RAN1#113):
· Support a UE/TRP to report the carrier phases of more than one frequency to LMF
· NOTE: the frequency can be a frequency of carrier or a frequency of subcarrier(s)
· FFS: the details of reporting, e.g., the maximum frequencies within a PFL
· FFS: UE capability for supporting this feature
· Define new type of UE/TRP measurements based on carrier phase differentials across multiple subcarriers within a carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
· Support a UE/TRP to optionally report the determined integer ambiguity and/or the search range of the integer ambiguity to LMF
· FFS: UE capability for supporting this feature
· Support LMF to configure the integer ambiguity range between the TRP and the  target UE for UE-based NR CPP.

	Company
	comments

	vivo
	For bullet 2, does it mean to define ToA measurement in the carrier phase? If it is, maybe it is weird since timing base ToA measurement still not be defined in 3GPP 
FL: We have some discussion for 2nd bullet during SI. Some companies consider ToA and the carrier phase differentials across multiple subcarriers within a carrier has basically the same thing, or carrier the same information. Some other comapmies did not agree. We will need to make the conclusion during the WI. 

	ZTE
	As a general rule, LMF usually has more information about UE/TRP location, so we think it’s more reasonable for LMF to configure the integer ambiguity instead of UE/TRP report the integer ambiguity. The feasibility for sub-bullet 3 requires further verification.
FL: Bullet 3 is for UE to report the information. Since UE performs the measurement, the UE might be able to make the judgement based on the processing of raw datra samples, which may not be available lin L:MF.

	Apple
	Are we supporting both bullets 1 and 2?
FL: It may depends on the details on how bullet 1 and bullet 2 are supported. For example, bullet 1 needs UE to provide 2-3 carrier phase measurements in a large bandwidth (e.g., 100MHz), while bullet 2 may need to use the many of the difference of the carrier phases between subcarriers to determine new type of UE/TRP measurements.

	Xiaomi
	As for the first bullet, we would like to clarify that “the frequency can be a frequency of carrier” according to the discription WID “Specify measurements that are limited to a single carrier/PFL.”.
FL: One undersatasning is that WID limites NR the measurement to single carrier/PFL. It does not have the limitation to one carrier phase measurement for a single carrier/PFL.

Then for the second bullet, the definition of  “carrier phase differentials”  is the difference of carrier phase between different subcarriers?  
FL: It says “carrier phase differentials across multiple subcarriers within a carrier”.


	Ericsson
	We do not support the propsoal

To enable virtual frequency method for integer ambiguity resolution, some companies propose to introduce reporting of the phase at multiple frequencies within the bandwidth. However, the phase at frequency  is given by 
                                                                                                                  (1)
where  is the phase at the center frequency ,  is the propagation delay and .* This relation can be used to reconstruct the phase at various frequencies to enable the application of the virtual frequency method without any additional specification impact or signaling overhead. In fact, the relation (1) provides an estimate of  that is robust to measurement noise since the  and  are estimated from the full bandwidth.
* For the phase-difference of arrival, (1) can be reformulated as below, where superscript is used for the reference TRP.
                                                                                   (2)
FL: I assume Ericsson’s conclusion that “This relation can be used to reconstruct the phase at various frequencies to enable the application of the virtual frequency method without any additional specification impact or signaling overhead” need some  assumptions: a) AWGN channel b) no impact non-linearity in UE/TR Tx/Rx filters, and 3) the time delay of the LOS path is determined correctly.

	Huawei, HiSilicon
	We prefer to define CPP measurement for a subband within a carrier to combine the first two main bullets.
FL: The suggestion may address the concern of the reporting overhead if the minimum BW (e.g., FFS: >10MHz) for the subband is defined.  

For the third and fourth bullet, it is not clear to us how UE/TRP/LMF to know the information in the first place.

	mtk
	For 3rd bullet, it seems it is related to the algorthim that UE applies. The IFFT method to derive the phase on first path may not provide the search range, because IFFT method doesn’t output the likelihood for each integer number. So this is up to UE capability

	NTT DOCOMO
	[bookmark: _Hlk128487709]For 4th bullet, does it mean introducing assistance data providing the integer ambiguity range?
FL: For 4th bullet, the information to UE can be a part of the assistance data in my understanding.

	Nokia/NSB
	Okay to study further the options. 

	CATT
	Okay to study further. 

	FL
	Based on the comments, suggest further study the options, and make the downselection in the next meeting.




(H)(Round 2) Proposal 6-2 
To support integer ambiguity resolution for NR carrier phase positioning, further consider the following options (for a decision in RAN1#113):
· Option 1: Support a UE/TRP to report the carrier phases of more than one frequency to LMF
· NOTE: the frequency can be a frequency of carrier or a frequency of subcarrier(s)
· FFS: the details of reporting, e.g., the maximum frequencies within a PFL
· FFS: UE capability for supporting this feature
· Option 2: Introduce a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
· Option 3: Support a UE/TRP to optionally report the determined integer ambiguity and/or the search range of the integer ambiguity to LMF
· FFS: UE capability for supporting this feature
· Option 4: Support LMF to configure the integer ambiguity range between the TRP and the  target UE for UE-based NR CPP.

	Company
	comments

	
	

	
	

	
	



[bookmark: _Toc128127625]Phase error group
Submitted Proposals:

	Xiaomi[8]
	Proposal 6: Report the phase error group for initial phase error mitigation.

	ZTE[12]
	Proposal 7: Phase Error Group(PEG) should be defined for carrier phase measurement, where phase measurement errors in a PEG is within a margin value.

	InterDigital[16]
	Proposal 3:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.

	Lenovo[17]
	Proposal 8: Support LMF configuration of phase-related errors for accurate DL/UL CP measurements.

	Qualcomm [20]
	Proposal 6: Study PEG-ID reporting scheme, an extension of TEG-ID reporting concept for phase reports. Measurements/transmissions with same PEG-ID are phase-coherent. Consider allowing a larger number of PEG-IDs than TEG-IDs

	IIT Kanpur, CEWiT[24]	
	Proposal 4: In Rel 18, for the legacy positioning methods, additional reporting of carrier phase measurements per Rx antennas should be supported.




FL Comments:
A UE/TRP may have several Tx/Rx antenna panels with different Tx/Rx chains, which may lead to RF signals that are transmitted and/or received through various RF chains, experience distinct group delays. As CPP aims to achieve exceptional positioning accuracy, it appears sensible to introduce new definition of UE/TRP Rx/Tx phase error groups, as suggested by [8][12][16][17][20]. The differences of phase errors within a Tx/Rx phase error group should be within a given margin (e.g., a small fraction of a cycle), which can be defined by RAN4.

In order to achieve accurate positioning with CPP, it's important to consider that a UE/TRP may have multiple Tx/Rx antenna panels with different Tx/Rx chains. Due to this, RF signals transmitted or received through different RF chains may experience distinct group delays. To address this issue, it has been suggested by [8][12][16][17][20][24] to introduce a new definition of UE/TRP Rx/Tx phase error groups or consider the per Rx antanna. 

[bookmark: _Toc128127626](H)(Round 1) Proposal 7-1
Consider the following appraoches to address the potential impact of UE/TRP Rx/Tx group delays on NR carrier phase positioning:

· Introduce the UE/TRP Tx/Rx phase error groups (PEGs), which can be defined similarly to existing UE/TRP Tx/Rx PEGs, with very small error margins (e.g., in the range of a small fraction of a cycle).
· Note: the error margins for UE/TRP Tx/Rx PEGs can be defined by RAN4
· Send an LS to RAN4 once RAN1 completes the definition of UE/TRP Tx/Rx PEGs

	Company
	comments

	vivo
	We think the issue should be checked with RAN4 since the timing error margin is defined by RAN4 based on UE capability. For us, how to define the phase error margin and whether UE can distinguish PEG is a problem since the 1Tc timing error margin may be larger than 1 cycle.
FL: RAN1 could first discuss the modivation and the need to have PEGs. RAN1 can ask the help from RAN4 whenever it is needed.

	ZTE
	Support

	Xiaomi
	Support and revise with a typo, 
· Introduce the UE/TRP Tx/Rx phase error groups (PEGs), which can be defined similarly to existing UE/TRP Tx/Rx PTEGs, with very small error margins (e.g., in the range of a small fraction of a cycle).


	Ericsson
	We think this issue is a bit early to discuss now.

First we need to decide if standalone CPP and joint (CPP + legacy measurements) will be supported.

In the case of joint reporting is suppoted, we’ll have a leagacy measurement that will have Tx/Rx TEGs associated with them and the newly introduced CPP.  In this joint case, a single Error group may be enough (i.e., we can keep the TEG) but possibly with two different margins.  One margin (existing margin) used on leagacy measurements and a newly introduced margin that is used on CPP.    We think this needs some careful consideration and we prefer to avoid a premature agreement.


	Huawei, HiSilicon
	We prefer not to define PEG right now. Phase consistence in time is unlike group delay.

	mtk
	Not sure whether PEG is needed. We may discuss this later

	Nokia/NSB
	We support the proposal in principle. Not sure that LS is needed at this stage. 

	CATT
	Support. 




[bookmark: _Toc128127627][bookmark: _Toc111724352]Antenna Phase Centre
Submitted Proposals:

	CATT[9]
	Proposal 6: The reference point of NR DL carrier phase measurement (DL ICP/ACP) and NR DL carrier phase difference measurement (DL ICPD/ACPD) should be the antenna phase center of the UE. Additional parameters need to be introduced to present the relative position between the antenna phase center to the legacy RSTD reference point.
Proposal 14: The reference point of NR UL carrier phase measurement (UL ICP/ACP) should be the RX antenna phase center of the gNB. Additional parameters need to be introduced to present the relative position between the antenna phase center to the legacy RTOA reference point. 

	ZTE[12]
	Proposal 4: For DL UE-based carrier phase positioning, the ARP or carrier phase error of the TRP can be delivered by LMF.



FL Comments:
During the SI, the effect of antenna phase center offset (PCO) on NR carrier phase positioning was examined using a PCO model. This model can be used to account for the residual PCO of a calibrated antenna or to simulate the PCO of an uncalibrated antenna, depending on the assumptions made in the model. The assessment results revealed that PCO errors can have a significant impact when using an uncalibrated antenna. Conversely, when utilizing the PCO model of a calibrated antenna, the impact of PCO errors is insignificant. Therefore, if PCO information is available, it is crucial to provide the known PCO parameters for the UE positioning as proposed in [9][12].

[bookmark: _Toc128127628](M)(Round 1) Proposal 8-1 
· Support gNB to optionally provide LMF with the TRP antenna phase center offset (PCO) for NR CPP.
· TRP antenna PCO is defined as the position offset of the antenna phase center relative to the antenna reference point, which is defined for RTOA measurement in TS 38.215
· FFS: TRP antenna PCO is defined in TRP LCS or GCS
· Support LMF to optionally provide UE with the TRP antenna PCO for UE-based CPP.
· Support UE to optionally provide LMF with the UE PCO to LMF for UE-assisted CPP.
· UE antenna PCO is defined as the position offset of the antenna phase center relative to the antenna reference point, which is defined for RSTD measurement in TS 38.215
· FFS: UE antenna PCO is defined in UE LCS or GCS

	Company
	comments

	ZTE
	Low priority.

	Ericsson
	The proposal is not mature.

· PCO depends on the frequency, Angle-of-Arrival, temperature and many more parameters.
· During the SI, a few evaluations were done with a very simplified model that assumes that the AoA/AoD are known with high accuracy. Still, the SI results were inconclusive.
The standardization impact is potentially huge if PCO offset need to be reported as a function of multiple parameters. 

	CATT
	support

	
	





[bookmark: _Toc128127629]Carrier Phase in DC subcarrier
Submitted Proposals:

	Nokia[11]
	Proposal 8: RAN1 should further investigate the carrier phase measurement impairment in the case that the configured PRS resources includes the DC subcarriers. 

	MediaTek[22]
	Proposal 2-2: By default, the reporting of the phase measurement corresponds to the phase in DC tone.



FL Comments:
In [11], it points out that local oscillator leakage may potentially cause interference and negatively impact the accuracy of carrier phase estimation in DC carrier. In [22], it is suggested that the default phase measurement reporting corresponds to the phase in the DC tone. According to the FL's understanding, receivers typically can use signals received from all PRS subcarriers in a PFL to estimate the carrier phase of a particular subcarrier, including the DC carrier, rather than relying solely on the signals from that subcarrier. Therefore, it is up to the UE's implementation to determine whether to utilize the signals received in the DC subcarrier for carrier phase estimation if it wants to report the carrier phase of the DC carrier. The FL recommends gathering additional feedback from interested companies on this matter.

In [11], Nokia pointed out that local oscillator leakage has the potential to cause interference, leading to a negative impact on the accuracy of carrier phase estimation in DC carrier. In [22], MediaTek suggested that the default phase measurement reporting corresponds to the phase in the DC tone. In FL's understanding, receivers can typically use the signals from all PRS subcarriers in a PFL to estimate the carrier phase of a particular subcarrier, e.g., the DC carrier. Therefore, it may be at the discretion of the UE's implementation to determine whether to use the signals received in the DC subcarrier for carrier phase estimation when reporting the carrier phase of the DC carrier. The FL recommends gathering further feedback from interested parties on this matter.

[bookmark: _Toc128127630](M)(Round 1) Question 9-1
What is your views on the following questions:

· Q1: Is it necessary for RAN1 to investigate the carrier phase measurement impairment when the configured PRS resources include the DC subcarrier?

· Q2: Should the carrier phase of the DC subcarrier be the default phase measurement?

	Company
	comments

	vivo
	For us, we prefer to provide the carrier phase associated with the DC frequency, but we don’t think the phase should be measured by DC subcarrier or only by DC subcarrier. 

	Huawei, HiSilicon
	Handling of DC impairment (apart from reporting DC location itself) is up to implementation according to our understanding.

	CATT
	Okay to further investigate. Seems implementation related

	
	



[bookmark: _Toc128127631]PRB allocation configuration and assistance data
Submitted Proposals:

	Lenovo[17]
	Proposal 7: RAN1 to further discuss the PRS PRB allocation for performing subcarrier/carrier phase measurements in relation to other signals/channels.

	NTT DCM[21]
	Proposal 3: 
· Assistance data which provides helpful information to operate NR carrier phase measurement should be considered.




FL Comments:
For R18, the carrier phase measurements are performed at least without measurement gaps. In [17], it was proposed to consider the PRB allocation between data (other signals/channels) and PRS, and whether the UE uses all or partial PRS PRBs for the subcarrier phase difference measurements. In [21], it was proposed to discuss the assistance data which provides helpful information to operate NR carrier phase measurements. In FL’s view, these issues can be further discussed, but may be in a low priority for this meeting.

In [17], a proposal was put forth to consider the PRB allocation between data and PRS and to determine whether the UE employs all or partial PRS PRBs for subcarrier phase difference measurements. In [21], it is suggested to discuss the assistance data that provides useful information to facilitate NR carrier phase measurements. While the FL recognizes the value of further discussing these issues, they believe that they may be of low priority for this first meeting since there are many other issues need to be resolved first.

[bookmark: _Toc128127632](L)(Round 1) Question 10-1 
What is your view on the following proposals:

1)  RAN1 to further discuss the PRS PRB allocation for performing subcarrier/carrier phase measurements in relation to other signals/channels.

2) Assistance data which provides helpful information to operate NR carrier phase measurement should be considered.

	Company
	comments

	ZTE
	Low priority. Can further study,

	NTT DOCOMO
	OK

	CATT
	Low priority. Can further study,

	
	




[bookmark: _Toc128127633]UE Measurement Capability

Submitted Proposals:

	Xiaomi[8]
	Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.

	Apple[19]
	Proposal 1: RAN1 should discuss the capabilities of the UE, TRP  and LMF for CPP. This could be one of the following:
· Option 1: UE Capabilities for Carrier Phase positioning  (CPP) i.e. can the UE perform standalone CPP or joint Rel-17 positioning with CPP ?
· Option 2: UE Capabilities for Carrier Phase Measurement and reporting i.e. can the UE perform a single frequency measurement or multiple frequency measurements within a PFL for CPP reporting
· Option 3: PRU capability and configuration for double differential CPP i.e. can a UE serve as a PRU for CPP based on the accuracy of its position and measurement capabilities ?
Proposal 2: for the UE’s positioning processing capability, the “Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE” should be updated especially in the case of joint traditional positioning with CPP due to the additional measurements needed. 

	MediaTek[22]
	Proposal 2-7: Up to UE capability, report the search range for each phase measurement



FL Comments:
NR CPP requires introducing new UE capabilities. These capabilities may include determining the minimum number of PRS symbols supported, the maximum PRS periodicity, and the need for one or multiple frequency measurements within a PFL, as pointed out in [8, 19]. Other potential capabilities include PRU capability, UE PRS processing capabilities [19], and the ability to support UE-based CPP [22]. These capabilities may be addressed in the later stage of the WI or during dedicated UE feature sessions. However, it may be beneficial to gather feedback from companies on these proposals.

[bookmark: _Toc128127634](L)(Round 1) Proposal 11-1 
UE capabilities for supporting CPP may include:

a) UE CPP measurement capability:
i. the minimum number of symbols for PRS 
ii. the largest periodicity for PRS.
iii. the number of frequency measurements or within a PFL
iv. the report of the search range of integer ambiguity for each phase measurement
b) UE CPP positioning capability:
i. standalone CPP or joint Rel-17 positioning with CPP
c) UE PRU capability for Rel-17 positioning and R18 CPP
d) UE DL PRS processing capability
 
	Company
	comments

	Apple
	Support

	Xiaomi
	Support 

	CATT
	Need further study. Maybe low priority in this meeting.

	
	




[bookmark: _Toc111724354][bookmark: _Toc128127635] Phase-smoothed timing measurements
Submitted Proposals:

	IIT Kanpur, CEWiT[24]
	Proposal 7: In Rel 18, carrier phase positioning using carrier phase information for smoothing existing timing measurements like DL-TDOA, UL-TDOA, and Multi-RTT should be supported for UE-assisted and UE-based positioning.




FL Comments:
The use of carrier phase measurements to smooth pseudorange measurements has been found effective in improving GNSS positioning accuracy because of the low measurement noise of carrier phase measurements. Similarly, in NR positioning, smoothing other timing measurements with carrier phase measurements may enhance accuracy without resolving the integer ambiguity in carrier phase measurements. However, this approach requires the receiver to track the carrier phase for a brief period. In the FL's opinion, this feature is likely to have a minimal impact on the specification, such as the UE informing the LMF of its capability to support the feature, and the LMF triggering its use only when necessary due to the potential for increased processing power requirements.

This technique was discussed during the SI no conclusion. Therefore, the FL recommends considering the discussion of the phase-smoothed timing measurements technique a low priority or for further study in future releases.

[bookmark: _Toc128127636](L)(Round 1) Question 12-1
· What is your view that “carrier phase positioning using carrier phase information for smoothing existing timing measurements” is given low priority, or not be discussed further during the WI?”

	Company
	comments

	
	

	
	

	
	

	
	



· 


[bookmark: _Toc128127637] CPP Reference Signals
Background

	TR 38.859
Regarding the reference signals for NR carrier phase positioning:
-	Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.

WID [2]
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.




Submitted Proposals:

	Locaila[10]
	(Proposal 2) For the downlink carrier phase method, it is proposed to apply equally spaced PRS subcarrier arrangement, carrier/subcarrier phase calculation, unknown integer estimation method, and TRP synchronization method described in this contribution.
(Proposal 3) For efficient uplink carrier phase positioning, it is suggested to use an unstaggered continuous PRS reference signal arranged in an equal frequency gap. 
(Proposal 4) The uplink carrier phase positioning method presented in this contribution, the phase calculation method using equally spaced PRS subcarriers, the unknown integer estimation method, and the TRP synchronization method should be considered.

	Lenovo[17]
	Proposal 1: Support the re-use of existing DL-PRS configuration, e.g., PHY layer parameters  and signalling of in order to perform UE-based and UE-assisted carrier phase measurements.
Proposal 2: Support the re-use of existing SRS configuration, e.g., PHY layer parameters   and signalling in order to perform NG-RAN-assisted carrier phase measurements.




FL Comments:
During Rel-18 SI, RAN1 investigated the investigated whether there is a need to enhance the current DL PRS and UL SRS for carrier phase positioning with a conclusion that the “Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced”. In WID, it states that “Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements”. Thus, 
while the FL recognizes there may be potential benefits to enhance the current DL PRS and UL SRS for carrier phase positioning, there is no need for further discussion on this matter as per the WID, or at least, it is of low priority for this meeting.

[bookmark: _Toc128127638](L)(Round 1) Question 13-1
· What is your view on further discussing potential enhancements of DL PRS pattern in WI?

	Company
	comments

	
	

	
	

	
	

	
	



[bookmark: _Toc128127639] 
[bookmark: _Toc128127641]TRP time synchronization
Submitted Proposals:

	Locaila[10]
	(Proposal 1) RAN1 should study the benefit and efficiency of the proposed TRP synchronization method using PRS signal.




FL Comments:
Timing synchronization is essential for accurate positioning using methods such as DL-TOA, UL-TDOA, and carrier phase positioning. Locaila proposed a potential solution for gNB synchronization using PRS signals in [10]. However, the discussion on how to implement inter-TRP time synchronization may exceed the scope of this WI. Interested companies are welcome to share their thoughts on this matter.

[bookmark: _Toc128127642](L)(Round 1) Question 14-1
Interested companies are welcome to share their thoughts on the following questions: 
· Q1: Do you think that exploring the use of PRS signals for TRP synchronization falls within the scope of this WID?
· Q2: Should RAN1 examine the potential advantages and efficiency of this proposed TRP synchronization method using PRS signals during this WI?

	Company
	comments

	ZTE
	It seems these two topics are not within the scope of carrier phase positioning.

	Locaila 
	In TR38,859, it was recommended that other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded. Current WI also does not preclude it. 
The proposed method of synchronizing the TRPs by rotating the PRS phases simplifies the signaling procedure and reduces the burden to UE. This method is particularly useful for synchronizing RSUs where listening neighbor singnal can be achieved by half-duplex operation. In this case, we are sure this issue is in scope.
Therefore we hope to continue this discussion at least for the case of RSUs.  

	
	

	
	




Round trip carrier phase positioning
Background

	TR 38.859
The effectiveness of using round-trip carrier phase technique to mitigate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated by source [Samsung/R1-2212859] for InF-SH, which shows the horizontal positioning accuracy of:
· 0.5cm @80% with continuous sub-carrier allocation in 10 MHz BW (i.e. with enhanced PRS),
· 1cm @80% with Comb-4 sub-carrier allocation in 10 MHz BW and no sub-carrier offset change between symbols (i.e. with enhanced PRS), and
· 1.5cm @80% with Comb-4 sub-carrier allocation in 10 MHz BW and with sub-carrier offset change between symbols (i.e. with existing PRS).
· Note: The evaluation results assumed phase coherency between the transmit path and the receive path of each device.




Submitted Proposals:

	Nokia[11]
	Proposal 7: If RTT-CP is introduced then solutions are needed to ensure the same local oscillator is used between DL and UL (at UE/TRP) and that the coherence time of the oscillator drift is met. 




FL Comments:
During the Rel-18 SI, a company evaluated the efficacy of the round-trip carrier phase technique, assuming phase coherency between the transmit and receive paths of each device. In this meeting, it was proposed in [11] to investigate the solutions that use the same local oscillator between DL and UL to ensure phase coherency. The round-trip carrier phase technique was discussed in the later stage of the SI, leaving insufficient time for RAN1 to thoroughly discuss its potential benefits and issues. Consider that there may not be enough time during the WI to conduct simulations to evaluate its performance and identify potential issues for round-trip carrier phase technique, the FL suggests that the study of the round-trip carrier phase technique be considered in a future release.

[bookmark: _Toc128127640](L)(Round 1) Question 15-1
· What is your view on further discussing round-trip carrier phase technique in WI?

	Company
	comments

	ZTE
	We prefer not to discuss round-trip CPP. Because there are phase errors in both sender and receiver side, and all of these errors are unknown.

	Locaila
	Tx side error and Rx side error is canceled out by it’s own TX/RX operation in RTT.  See R1-2300760 for detail.
We like to discuss the CPP RTT , however we think it may be appropriate to discuss in conjunction with time domain RTT method in SL measurement discussion.
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[bookmark: _Toc128127646]Appendix

	[bookmark: _Toc120887900][bookmark: _Toc128127647][bookmark: _Toc120887905]6.3.1	Potential solutions for NR carrier phase positioning [TR 38.859]
[bookmark: _Toc120887901]6.3.1.1 Reference signals for NR carrier phase positioning
Existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance can be considered further. Note that the use of MIMO SRS for positioning purpose is transparent to UE.
[bookmark: _Toc120887902]6.3.1.2 Physical layer measurements for NR carrier phase positioning
The study of the accuracy improvement based on NR carrier phase measurements includes:
-	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.
For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
-	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 UL UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.
[bookmark: _Toc120887903]6.3.1.3 Physical layer procedures for NR carrier phase positioning
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity when using carrier phase measurements to estimate the propagation delay/distance between transmitting and receiving nodes are studied.
Benefits of using the carrier phase measurements of multiple DL PFLs for NR carrier phase positioning, which may include the impact of the time gap between the carrier phase measurements of multiple DL PFLs are studied.
NOTE 1: The initial phase error and the frequency error for each PFL can be modelled independently.
NOTE 2: For evaluations, the PRSs of all the PFLs of a TRP can be assumed to be transmitted from the same ARP or from different ARPs of the TRP.
NOTE 3: The location error for ARPs can be modelled independently.
NOTE 4: The timing errors of the PFLs may not be the same for PFLs in different bands or frequency ranges.
NOTE 5: In Rel-17, simultaneous reception of DL PRS from multiple frequency layers is not supported.
The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that multipath/NLOS deteriorates the performance of carrier phase positioning, and it is necessary to consider multipath mitigation for NR carrier phase positioning.
The effectiveness of the following multipath mitigation methods for NR carrier phase positioning is studied:
-	Identification and separation of the first path and other paths.
-	Reporting of the carrier phase of the first path, and optionally, the additional paths.
-	The use of LOS/NLOS indication for the carrier phase measurements. 
-	NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
-	The report of other channel information, such as existing RSRP/RSRPP.
The use of Positioning Reference Unit (PRU) to facilitate NR carrier phase positioning is studied. 
-	For DL NR carrier phase positioning, a PRU works as a UE to receive the DL PRS reference signals and provide the DL carrier phase measurements to the LMF, where the double differential measurements can be obtained by the difference of the DL carrier phase measurements from the target UE and those from the PRU for eliminating the measurement errors.
-	For UL NR carrier phase positioning, a PRU works as a UE to transmit the UL SRS signals for positioning purpose. The TRPs provide the UL carrier phase measurements obtained from the UL SRS signals of the target UE and of the PRU to the LMF, where the double differential measurements can be obtained by the difference of these UL carrier phase measurements for eliminating the measurement errors.
The following approaches for NR carrier phase positioning are studied:
-	The reporting of the carrier phase measurements together with the existing positioning measurements.
-	The reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.
Potential solutions for NR carrier phase positioning are evaluated with the consideration of various error sources, which include phase noise (FR2), carrier frequency offset (CFO)/Doppler, oscillator-drift, transmitter/receiver antenna reference point (ARP) location errors, transmitter/receiver initial phase error, antenna Phase Center Offset (PCO) etc. Detailed evaluation methodology and assumptions are presented in Annex A.3
A summary of the evaluation results for the impact of the multipath/NLOS on NR carrier phase positioning are presented in Clause 6.3.2.
NR carrier phase positioning performance is evaluated at least with the carrier phase measurements of a single measurement instance.
It should be noted that the use of "carrier phase positioning" does not necessarily imply that it may be defined as a standalone positioning method.
The potential solutions of integer ambiguity resolution for NR carrier phase positioning were investigated in the study item, which include the following: 
-	Reporting of the carrier phases of more than one frequency from UE/TRP to LMF
-	NOTE: frequency refers to frequency of carrier or frequency of subcarrier(s)
-	Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF
-	Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF
-	Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier
-	NOTE: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
-	LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP).

[bookmark: _Toc128127648]6.3.3	Potential specification impact for NR carrier phase positioning
Regarding the reference signals for NR carrier phase positioning:
-	Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.
NOTE: The use of SRS MIMO for NR carrier phase positioning is transparent for UE.
Regarding the physical layer measurements for NR carrier phase positioning:
-	New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
-	For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
-	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 UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
NOTE: This proposal does not imply which carrier phase measurements are mapped to which positioning technique.
Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
-	Reporting of the carrier phase of the first path
-	At least reporting of the carrier phase of the first path, and optionally, the additional paths.
-	The use of LOS/NLOS indication for the carrier phase measurements.
-	NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
-	Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.
At least the double differential technique with PRU is feasible for UE-based, and UE-assisted NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
NOTE 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during normative work.
NOTE 2: The required PRU density also needs further discussion during normative work.
NOTE 3: Other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded.

[bookmark: _Toc120887926][bookmark: _Toc128127649]17.6 NR carrier phase positioning
Based on the study, it is concluded that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving a horizontal accuracy of up to a few centimeters at least at 50% under certain conditions, including the PRU(s) being located in LOS with TRP(s), and the locations of the PRU(s) and TRPs known with centimeter-level accuracy, in the agreed evaluation assumptions.
If NR CPP is introduced,
-	Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning.
-	New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning.
-	Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work.




